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VézZeni Ctendri Casopisu Tunel,

£ X7,

prave se vam dostavé do rukou nové &islo ¢asopisu Tunel, ve kterém si jisté kazdy z vds najde zajimavé aktudlni informace a zkuSenosti z oblasti podzemniho
stavitelstvi. Nejvice €ldnku v tomto &isle prezentuji autofi z firem METROPROJEKT, a. s., a IKP CONSULTING ENGINEERS; s. r. 0., které slavi v tomto roce
vyznamnd vyroci svého zaloZeni.

Firma Metroprojekt Praha, a. s., pusobi v oblasti projekce nejen dopravnich staveb jiz 40 let a jist€ vas zaujmou ldnky této firmy zabyvajici se aktudln{ proble-
matikou statického feenf segmentového osténi tunelti razenych zeminovymi Stity na trase metra V.A a ddle ¢lanky tykajici se pldnované nové trasy prazského metra.
Autofi se v nich vénuji problematice aktudlni koncepce trasy I.D prazského metra a planované razbé stanic na této trase, kterd odrdzi nové pozadavky na plné auto-
matizovany systém metra.

Druhd z jubilujicich firem se podilf na realizaci v§znamnych staveb v Ceské republice i v zahraniéi jiz 20 let. Pracovnici této firmy pripravili pro toto ¢islo Caso-
pisu jisté zajimavé €lanky prezentujici zkusenosti z oblasti vystavby tunel na modernizovanych tranzitnich Zelezni¢nich koridorech v CR.

Obéma firemnim oslavencum preji navzdory této sloZité dobé ekonomické krize za celou redakéni radu hodné dspésnych stavebnich zakazek.

V tomto &isle se 1ze samoziejme doéist i dalsi zajimavé a poucné informace spojené s vystavbou v podzemi. A Ze se nemusi jednat jen o problematiku podzem-
nich staveb velkych rozméru, dokladd prispévek kolektivu brnénskych autort zabyvajicich se problematikou poruch vinnych sklepti na Morave. Za pozornost jisté
stojf i Clanek firmy Subterra tykajici se aplikace moderni geoinformacni technologie 3D skenovni na tunelu Klimkovice. Jednd se zatim o jedinou realizaci kom-
plexniho zpracovani dokumentace stavby tunelu ve 3D v Ceské republice. Dokonc¢enim razeb na tunelu Brusnice se zabyva price zpracovand firmou Metrostav, a. s.

P¥i vjuce studentli na Fakult& stavebni VSB-TU Ostrava mim moZnost hovofit se studenty o tom, prog je o studium geotechnickych oborii ve srovnani s jinymi
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studijnimi obory relativné maly z4jem. Castou odpovédi studenti je, Ze se jednd o obor ,,§pinavy* a ndrotny. Ano, prace v oblasti geotechnického stavitelstvi Casto
predpoklddé feSeni daného problému primo v terénu, ndro¢nd technickd a ekonomickd rozhodnuti Casto nelze kvalifikované provadét pouze z pohodli kanceldre.
Avsak ti, kteri se ve své profesi rozhodli vénovat tomuto perspektivnimu, zajimavému multidisciplindrnimu stavebnimu oboru, mohou zaZivat pocit uspokojeni
z toho, Ze dokézali spojit své znalosti, schopnosti a dovednosti a i pfes vSechna udskali prace v podzem{ prispét k realizaci krasného inZzenyrského dila, které bude
spolehlive slouzit svému tcelu. VErim, Ze i prispévky publikované v tomto Casopise zaujmou mladé nadéjné adepty pro préci v oblasti podzemniho stavitelstvi,

ukéZou jim 3iroké moZznosti uplatnéni absolventt oboru s geotechnickym zaméfenim a prispéji tak ke zvySeni zdjmu studentu o geotechnické obory.
Vzhledem k tomu, 7e se jednéd o posledni &islo asopisu Tunel v tomto roce, preji vam viem klidné proZiti vanocnich svétki a hodn€ zdravi a pracovnich

i osobnich tispéchii v novém roce. Casopisu Tunel samoziejmé preji hodné zajimavych pifspévkii a mnoho spokojenych &tendid.

DOC. RNDr. EVA HRUBESOVA, Ph.D.,
clenka redakcni rady casopisu Tunel

Dear TUNEL journal readers,

The new TUNEL journal issue you are just getting in hand will certainly allow you to find topical information and experience from the field of underground con-
struction engineering interesting for you. The majority of the papers published in this issue are presented by authors from METROPROJEKT a. s. and IKP
CONSULTING ENGINEERS s. 1. 0. This year these companies have commemorated important anniversaries of their foundation.

METROPROIJEKT a. s. has had its business not only in the area of transport-related designing lasting for 40 years. Papers submitted by this company, dealing
with current problems of the structural solution of the segmental lining of tunnels on the Prague metro Line V.A using Earth Pressure Balance shields, as well as
papers concerning the planned new line of the Prague metro will certainly capture your attention. In their contributions the authors devote themselves to the issu-
es of the topical concept of the Prague metro Line I.D and the planned driving of underground stations on this metro line, which reflect new requirements for the
fully automated metro operation system.

The second of the two companies celebrating their anniversaries has participated in the implementation of significant civil engineering construction projects both
in the Czech Republic and abroad during the past 20 years. Employees of this company have prepared certainly interesting papers for this journal issue, presenting
the experience gained in the field of the construction of tunnels on transit railway corridors being modernised in the Czech Republic.

I wish both celebrating companies winning lots of successful construction contracts, despite the economic crisis we are currently experiencing.

Of course, it is possible to find in this issue even other interesting and illuminating information associated with construction work in the underground. The fact
that problems do not have to be always associated with large-scale underground structures is proved by the paper submitted by a team of Brno-based authors dea-
ling with failures of wine cellars in Moravia. Also worth your attention is the paper submitted by Subterra a. s. on the application of a state-of-the-art
3Dgeoinformation technology — laser scanning of the Klimkovice tunnel. This has been till now the only application of the comprehensive preparation of 3D as-
built documentation for a tunnel in the Czech Republic. The completion of the Brusnice tunnel excavation is the topic of an article prepared by Metrostav a. s.

During my teaching of students at the Department of Civil Engineering of the VSB - Technical University of Ostrava, I have had the opportunity to talk with
students about the reasons why the interest in studying geotechnical subjects is relatively low in comparison with other branches of study. Students have frequent-
ly replied that this branch was “dirty”” and difficult. It is true, working in the area of geotechnical engineering often requires the problem solution to be sought direct-
ly in the field; complex technical and economic decisions often cannot be made in a qualified way only from the comfort provided by an office. On the other hand,
people who decided to dedicate their professional life to this prospective, interesting multidisciplinary branch of civil engineering can experience the feeling of
satisfaction from the fact that they succeeded in joining their knowledge, capacity and skills and, despite all difficulties attending the work in the underground, con-
tributing to the implementation of a great civil engineering project, which will reliably serve its purpose. I believe that even the papers published in this journal
issue will attract the attention of young, promising candidates for working in the area of underground construction, will show them the ample opportunities for gra-
duates of branches focused on geotechnics to assert themselves, and will contribute to increasing the interest of students in geotechnical branches of studies.

Taking into consideration the fact that this is the last issue of TUNEL journal in 2011, I am wishing all of you very pleasant and peaceful Christmas season, and
may 2011 bring you great health, happiness and success. As far as TUNEL journal is concerned, I wish it many interesting papers and lots of satisfied readers.

DOC. RNDr. EVA HRUBESOVA, Ph.D.
Member of TUNEL Editorial Board
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VAZENI CTENARI CASOPISU TUNEL,

velmi rad jsem prijal nabidku oslovit vas Gvodnikem pii prileZitosti 20 let pusobeni
spolecnosti IKP Consulting Engineers na ¢eském trhu. NaSe spole¢nost zahdjila ¢innost
s ndzvem ILF Consulting Engineers jako soucdst rakousko-némeckého inZenyrského
spolecenstvi Lisser Feizlmayr. Z hlediska terminu zaloZeni firmy je otdzkou, zda za
zahdjeni Cinnosti povazovat vznik obchodniho zastoupent firmy ILF v roce 1991 nebo
vznik samostatné kanceldfe v roce 1992. At'tak ¢&i tak, dvé dekddy prace kazdopadné
stoji za krétké ohlédnuti.

Od potidtku byla naSe firma budovdna jako multidisciplindrni konzultacni kanceldr
navazujici na evropské tradice s durazem na kvalitu a hajen{ zdjmu zdkaznika. Svym
klientim vZdy nabizela tiplné portfolio komplexnich inZenyrskych sluZeb od definova-
ni zdméru a studii proveditelnosti pres predprojektovou a projektovou pripravu aZ po
spoluprdci a dozor pri realizaci stavby a jejim uvedeni do provozu.

Profesni zdbér se v 90. letech rozrostl do znacné $ife zahrnujici dopravni stavby, pro-
duktovody, vodohospoddiské stavby a komeréni pozemni objekty. Vykony pokryvaly
procesy od tizemniho pldnovani po doddvku staveb na kli¢. Jsou za ndmi rozshlé pro-
jekty, jako je napr. rekonstrukce ropovodu Druzba nebo vystavba obchodniho centra
Gigasport v Pruhonicich. Vedle hlavni prazské kanceldre byly zalozeny pobocky
v Bmé, Plzni, Ceskych Bud€jovicich a deefind spole¢nost v Bratislave.

V roce 2004 doslo ke zméné vlastnickych poméru, ¢eskd kanceldr se osamostatnila
pod vedenim Dipl.-Ing. Borise Klementa a ndzev byl zménén na dnes zndmé IKP
Consulting Engineers. Vykony se zacaly vyrazné soustfedovat na velké dopravnf stav-
by, ve kterych se po nelehkém pocétecnim dobyvani mista na slunci nase spolecnost
stala uzndvanym a neopominutelnym subjektem.

K dopravnim stavbdm nedomyslitelné patif tunely a tunely neodmyslitelné patii
k IKP Consulting Engineers. Tunelové inZenyrstvi bylo, je a bude naSim firemnim
rodinnym stfibrem, nasi chloubou a vykladni skfini vysoce profesiondlniho technické-
ho mygsleni, invence a erudice ¢eského stavebniho inzenyra. Zpocdtku jsme stavéli na
znalostech firmy ILF Consulting Engineers, postupné jsme ale nasli vlastni cestu roz-
voje a spoluprace se zahrani¢ni odbornou vefejnosti a v radé realizovanych projektu zis-
kali vlastni praktické zkuSenosti, odraZejici mimo jiné i specificky ¢eské poméry.

Heslo nasi spole¢nosti zni: ,,evoluce potiebuje inovaci“. Vyjadruje nasi dlouholetou
snahu prindSet do praxe postupnd zlepseni, a tim posouvat cely obor stavebnictvi vpred.
A pravé v tunelovém stavitelstvi je za ndmi, snad to tak mohu napsat, tictyhodnd rada
inovativnich prvku a know-how piineseného do praxe: prvni pouziti konstrukce tzv.
Zelvy na dédlni¢nim tunelu Branisko na Slovensku, netradi¢ni ndvrh rekonstrukce Zelez-
ni¢nich Nelahozeveskych tuneld, prvni pouziti NRTM v Zelezni¢nim tunelu Veprek
(ziskal za inovativni technologii cenu Dopravni stavba roku 2004), prvni pouZiti nevyz-
tuZeného sekundédrniho osténi v ddlni¢nim tunelu Libouchec ¢i snaha o prosazeni pou-
Ziti vodonepropustného betonu u osténi hloubenych tseki Zelezni¢nich tunelu. I kdyZ
se jeho realizace zatim piili§ nedaif, urCité se jednd o cestu hodnou sledovéni.
O Votickém tunelu a dalsich ,,naSich“ tunelech, kde bylo vodonepropustné osténi navr-
Zeno, najdete v tomto &isle nékolik Elanku.

Vedle novinek se snazime v naSich projektech navrhovat jednoduchd technicka fese-
nf vyzkousend roky provozovani prevazné zahrani¢nich tuneld, kterd v tzkych pod-
minkdch podzemi usnadni zhotovitelskym firmam provedeni bezvadného dila a spravci
uSetif fadu starosti béhem provozu. To je predpokladam duvod, pro¢ jsme Casto vybra-
ni nejen jako zpracovatelé realizalni dokumentace, ale i jako konzultanti fesici atypic-
ké sloZité dlohy a také sanace havdrii pii vystavbé podzemnich dél. V minulosti jsme
se zabyvali konzultaéné i projekéné napf. havdriemi na tunelech Hrebe¢, Bfezno,
Jabliinkov nebo na tunelovém komplexu Blanka. Vazime si divéry, kterou v nds nasi
klienti vklddaji a to, Ze se k ndm vracf, je nejlep§im dikazem kvality na$f prace.

Nemohu si tomto misté nepostesknout nad sou¢asnym neutéSenym stavem pifpravy
novych staveb. V ovzdusi $krtu a nejistoty investori odklddaji zadavani zakdzek a pak
poZzaduji velmi krdtké terminy na zpracovéni dokumentace. UdrZet potfebnou kvalitu
dila, na které si tolik zakldddme, je v takové situaci extrémné naro¢né. Ale pevné véfim,
Ze jde o docasné obdobi a postupné bude opét nastolena rovnovaha.

I kdyzZ se to uprostied dnesni permanentni krize nezdd, jsou pred ndmi nové velké
vyzvy. Tou nejvetsi budou novostavby vysokorychlostnich Zelezni¢nich trati. Nejde
o néjakou chiméru z ifSe sni. Evropa vsadila v dalsim rozvoji na rychlou Zeleznici
a Ceskd republika moderni spojeni predev§im Prahy a Brna nutné potiebuje. Pro Cte-
ndfe tohoto Casopisu bude jisté zajimavd informace, Ze v aktudlné sledované varianté je
celkem téméf 40 km tunelu!

Pieji ndm vSem, abychom spole¢né nasli odvahu a silu zahdjit
tento ambiciézni projekt a posunout tak schopnosti nejen tuneld-
iU, ale i dalSich profes, které na podobnych projektech musi tzce
spolupracovat, zase o kousek dal. 74
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DEAR READERS OF TUNEL JOURNAL,

It was a pleasure for me to be given the opportunity to address you by a leading article on the
occasion of the 20 years of IKP Consulting Engineers activities on the Czech market. Our com-
pany commenced its business under the name of ILF Consulting Engineers, as a part of Lisser
Feizlmayr, an Austrian-German engineering firm. As far as the date of the company foundation is
concerned, there is a question whether it is the origination of the sales agency of ILF in 1991 or
the origination of the independent office in 1992 that can be considered to be the time of the foun-
dation of the company. Either way, two decades of work are worth brief reminiscing.

From the very beginning, our company has been developed as a multidisciplinary consulting
office adhering to European traditions, putting emphasis on quality and defending interests of cli-
ents. It has always offered its clients a complete portfolio of comprehensive engineering services,
ranging from defining the concepts and feasibility studies, through pre-design and design prepara-
tion, up to the collaboration and supervision during the construction and commissioning phases.

The scope of its professional activities significantly expanded in the 1990, covering transport-rela-
ted projects, product pipelines, water resources projects and commercial underground structures. Its
work covered processes starting from land-use planning up to turn-key construction projects. We have
completed large contracts, such as, for example, the reconstruction of Druzba crude oil pipeline or the
construction of Gigasport commercial centre in Priihonice. Apart from the main office in Prague, we
established branches in Brno, Plzen, Ceské Budéjovice and a subsidiary firm in Bratislava.

In 2004, the ownership relations were changed. The Czech office became independent with
Dipl.-Ing. Boris Klement becoming its head; its name was changed to the till now known IKP
Consulting Engineers. The activities started to be significantly focused on large transport-related
projects, where, after a not easy initial period of fighting for place in the sun, our company has
become a reputable and hard-to-neglect subject.

Transport-related projects have tunnels as inseparable parts and tunnels are inseparable from
IKP Consulting Engineers. Tunnel construction engineering has been and will be our company’s
family silver, our pride and show window of highly professional technical thinking, invention and
erudition of a Czech civil engineer. At the beginning, we based our success on the know-how gai-
ned by ILF Consulting Engineers. Gradually we found our own way of developing the company
and collaborating with the professional public abroad. We gathered our own experience from many
completed projects, reflecting, among others, even the specifically Czech conditions.

Our company slogan is: “Evolution needs innovation”. It expresses our long-standing efforts to int-
roduce gradual improvements into the praxis, thus to shift the entire construction industry ahead. It is
the tunnel construction industry where, if I may dare write so, we have a considerable amount of inno-
vative elements and know-how brought into the praxis, namely the first application of the so-called
“tortoise” construction technique to the Branisko motorway tunnel in Slovakia, a non-traditional
design for the reconstruction of the Nelahozeves rail tunnels, the first use of the NATM in the Veprek
rail tunnel (awarded by the title of The Transport Construction of the Year 2004 for the innovative
technology), the first use of unreinforced secondary lining in the Libouchec motorway tunnel lining
or the effort to apply water retaining concrete to the lining of cut-and-cover sections of rail tunnels.
Despite the fact that the success of its application has still been rather small, this technique is undoub-
tedly worth pursuing. You will find several papers in this journal issue dealing with the Votice tunnel
and other tunnels “of ours”, where the water retaining concrete lining was proposed.

Apart from innovations, in our designs we try to propose simple technical solutions proved by
the years-long operation of tunnels, mostly abroad, which will make it easier for contractors to
accomplish flawless works in difficult underground conditions and spare tunnel administrators
many problems during the operation. This is, I suppose, the reason why we have often been chosen
not only as contractors for detailed designs, but also as consultants solving atypical, complicated
problems, including repairs after incidents during the construction of underground structures. In the
past, we were involved as consultants and designers in collapses of tunnels, e.g. the Hiebe¢, Brezno,
Jablunkov tunnels or collapses on the Blanka complex of tunnels. We appreciate the trust our cli-
ents place in us; the fact that they return to us is the best proof of the quality of our work.

In this place I cannot omit complaining about the current dismal state of the planning of new pro-
jects. In the atmosphere of budget cuts and uncertainty, clients postpone placing of orders and later
they insist on very short deadlines for the work on designs. In such the situation it is extremely diffi-
cult to maintain the required quality of the work we pride ourselves on so much. Nevertheless, I firm-
ly believe that this is a temporary period and the balance will be again gradually restored.

Despite the fact that it does not seem to be possible in the middle of the current permanent cri-
sis, there are new great challenges ahead of us. The largest of them will be the new construction
of high-speed railway tracks. This is no dreamland chimera. For the further development, Europe
bet on high-speed railways and the Czech Republic badly needs modern links, first of all for
Prague and Brno. It will certainly be interesting information for readers of this journal that the vari-

ant currently under consideration contains nearly 40 km of tunnels in total!
I wish all of us to jointly find courage and strength to start this ambiti-
P y ous project, thus to shift the capabilities not only of our tunnelling con-

™ tractors but also the other professions which must closely collaborate on

similar projects another short step ahead.

ING. MICHAL BABIC

technicky feditel IKP Consulting Engineers, s. r. 0.
Chief Technical Engineer, IKP Consulting Engineers, s. r. 0.
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VAZENE KOLEGYNE A KOLEGOVE,
CTENARI CASOPISU TUNEL,

jsem velice rad, Ze vas mohu pozdravit jménem spole¢nosti METROPROJEKT
Praha u prileZitosti naseho 40. vyro¢i a krétce pfipomenout nasi historii z pohledu
navrhovéni a vystavby tuneld. Vznik spole¢nosti tizce souvisi s piijetim nové koncep-
ce systému hromadné dopravy osob v hlavnim mésté tehdejsiho Ceskoslovenska. Dne
1. kvétna 1971 byl zaloZen projektovy dstav DP Metroprojekt, piimy predchudce dnes-
niho METROPROJEKTU Praha, a. s., a povéfen funkei generdlniho projektanta metra
s cilem co nejrychleji vypracovat projektovou dokumentaci pro zahdjeni realizace
moderni méstské podzemnf rychlodréhy. Pivodné stdtni firma, kterd byla po urditou
dobu soucdsti Dopravniho podniku, prola po roce 1989 spésné privatizaci i fadou
organiza¢nich zmén aZ do soucasné podoby, kdy jako samostatné pusobici akciovd
spolecnost tvorf soucdst skupiny SUDOP Group.

Kolektiv, ktery byl na pocdtku tvoren jen skupinou projektantti mostaru a tuneldiu,
byl postupné doplnovan dalimi profesemi, aby byl schopen zpracovédvat komplexni
projektové dokumentace a zvlddnout ndro¢nou koordinaci investi¢n€ i profesné roz-
sahlé stavby. Jiz tfi roky po vzniku Metroprojektu se cestujici verejnosti predstavuje
novy dopravni systém, realizovany podle nasi dokumentace. Do provozu se uvadi
prvni provozni dsek trasy C metra Florenc — Kacerov. Byly zde uplatnény moderni
tunelovaci technologie, byt's omezenymi razicimi prostiedky — technologie razby tune-
1d na plny profil (prstencovd metoda s pouZitim nemechanizovanych §tit), vystavba
stanic v hlubokych stavebnich jamdch, zajisténych pilotovymi nebo mildnskymi sténa-
mi. Do tohoto obdobi spadé i ndvrh a uplatnéni technologie ,,cut and cover” na stanici
L. P. Pavlova, kterd byla v dzkém uli¢nim profilu stavéna ,,odshora dolu*.

Dal3{ pokrok v uplatnéni modernich tunelovacich metod, v&etné ndro¢nych tseki
tunelu pode dnem Vltavy, raZenych trojlodnich stanic apod., nasleduje na trasach
A (1978) a B (1985). Podzemn( stanice maji vzdusnéjsi a uvolnénéjsi prostorové fese-
ni, mizi pocit stisnénosti, typicky pro pobyt v podzemi. Architekti navrhuji do obkladi
vefejnych podzemnich prostord nové materidly. Ceské sklo v novém technickém pro-
veden( se stdvé charakteristickym povrchovym materidlem vefejnych prostor trasy B.

Obdobi po roce 1989 piinds{ do spole¢nosti zejména nezbytnost prizpusobit se pod-
minkdm prostredi trzni ekonomiky. Celd oblast vefejnych investic, tedy i investi¢ni
vystavby metra, byla docasné utlumena. Metroprojekt reaguje zetihlenim kolektivu
a roz§ifenim spektra svych Cinnosti do vSech sfér dopravniho stavitelstvi a do pozem-
nich a prumyslovych staveb. y

Vyznamnym klientem se stavaji Ceské drahy, kde se spolecnost uplatiiuje prede-
v§im na projektech modernizace Zelezni¢nich koridort (tunely v usecich Ceskd
Trebovd — Zabreh a BeneSov — Votice). Jsou zpracovény i projekty fady dalni¢nich
a méstskych tunelt a Metroprojekt se stdvé vyhleddvanym partnerem pro navrhovani
¢m dél slozitéjsiho technologického vybaveni téchto podzemnich dél.

Dnes, i pfes dspornou rozpotovou politiku, alespon nékteré investice do dopravni
infrastruktury pokracuji. Spolecnost tak projektuje prodlouzenf trasy metra A Dejvickd
— Motol. Vedle Nové rakouské metody je zde poprvé na prazském metru navrZena
razba tratovych tuneld zeminovym Stitem (EPBS) a prvni zkuSenosti potvrzuji, Ze jde
o technologii, kterd i ve sloZitych prazskych geologickych podminkdch zarucuje bez-
pe&ny prichod dzemim s hustou zdstavbou nad tunely.

Pripravujeme i dalsi, ¢tvrtou trasu prazského metra, a to dsek L.D Namésti Miru —
Depo Pisnice pro zdsadni zlepSeni dopravni obsluhy obytnych ¢tvrti jizniho sektoru
Prahy. Tato trasa bude novd zejména svym technologickym vybavenim. Vlaky zde
budou jezdit bez fidiCe, vedeny modernim zabezpecovacim a fidicim systémem CBTC,
néstupiste budou od koleji oddélena sténami s posuvnymi dvefmi. Pokud jde
0 vystavbu tunelt, navrhujeme i zde jako hlavni technologii strojni razbu TBM.

Z aktivit v zahrani¢i zminim rozpracovany projekt tiettho diametru metra v Sofii.

Dnes, pii bilancovéni étyficetileté Cinnosti v oblasti pripravy investic, je dobré si
pripomenout, co umoznilo a umoznuje udrZovat predni misto nasi spole¢nosti mezi
projektanty. Skutecnost, kterd ji preferuje v ocich soucasnych i novych klientt, je pre-
devsim zkuSenost z dspé§né piipravy rozsdhlych investic. Zakladni zkusenosti jsme
ziskali na metru a s obtiZemi by se u nds hledala technicky ndronéjsi a organizacné
komplikovanéjsi stavba, neZ je podzemni drdha ve mésté s tak
bohatou historif a sloZitou geologii, jakym je Praha.

Chci proto ujistit v§echny nase obchodni pfdtele a partnery, Ze
si zdjmu o spolupréci vazime a ujistuji vés, Ze slogany ,,N4s cil
— spokojeny zdkaznik“ a ,,Sila v projektu®, které doprovéazely
vétsinu nasich verejnych prezentaci, jsou piikazem pro nasi praci
i do dalsich let.

ING. DAVID KRASA

TuouHel

DEAR COLLEAGUES & READERS OF TUNEL MAGAZINE,

I'am very pleased to be able to address you on behalf of METROPROJEKT Praha on
the occasion of our 40th anniversary, to remind you briefly of our history in terms of the
design and construction of tunnels. The creation of the company was closely connected to
the adoption of a new concept for public transport in the capital of Czechoslovakia, as it
was. On | May 1971, DP Metroprojekt, a project institute, was founded, the direct prede-
cessor of today’s METROPROJEKT Praha, a.s., and entrusted with the job of general
designer for the metro system with the objective of drawing up project documentation as
soon as possible, to start implementing a modern municipal underground rapid transport
system. Originally a state company which was part of the Prague Public Transport
Company, after 1989 it underwent successful privatisation and several organisational chan-
ges before reaching its current format, when, as an independent joint-stock company, it
became part of the SUDOP Group.

The team, which was created initially only as a group of bridge and tunnel designers, was
gradually supplemented with further professions, to enable it to handle complex project
documentations and manage challenging coordination of extensive construction, regarding
both investment and professions. Just three years after Metroprojekt began, a new transport
system was introduced to the travelling public, implemented according to our documenta-
tion. The first operating section of metro line C from Florenc to Kacerov began. Modern
tunnelling technologies were applied here, albeit with limited excavation equipment — full
profile tunnel driving technology (the ring method using non-mechanised shields), con-
struction of stations in deep construction pits, secured with pile or Milan walls. The design
and application of cut-and-cover technology at the I. P. Pavlova station, which was built
from top to bottom in the narrow street profile, also falls into this period.

Another step in the application of modern tunnelling methods, including challenging
sections of tunnel beneath the Vltava River, driven pillar three-aisle stations, etc., followed
on lines A (1978) and B (1985). Underground stations were airier and more spacious, the
feeling of being constricted, typical for the underground, disappeared. Architects designed
new materials for the facing of public underground spaces. Czech glass in a new technical
design became a characteristic surface material for the public spaces on line B.

The period after 1989 brought the particular need of society to adapt to the conditions of
a market economy. The whole area of public investments, meaning metro construction as
well, was temporarily reduced. Metroprojekt reacted by staff reduction and expanding the
range of its activities in all areas of transport construction, as well as ground and industrial
construction.

Czech Railways became a major client, with the company primarily applying itself to
railway corridor modernisation projects (tunnels in the Ceskd Trebovd — Zdbfeh and
BenesSov — Votice sections). Projects for a range of motorway and municipal tunnels were
also processed and Metroprojekt became a sought-after partner for the design of increa-
singly complex technological fittings for these underground works.

Today, despite an economical budget policy, at least some investments into traffic infra-
structure are continuing. The company is designing the extension of metro line A, Dejvickd
— Motol. Along with the New Austrian method, this will introduce the driving of track tun-
nels with an earth pressure balanced shield (EPBS) and first experiences are confirming that
the technology guarantees a safe passage through ground with dense construction above the
tunnels, even with Prague’s complicated geological conditions.

We are also preparing another, fourth line for the Prague metro, the ID section from
Namésti Miru to Depo Pisnice, for fundamental improvements to traffic serving southern
sector neighbourhoods in Prague. This line will be new, especially down to its technologi-
cal equipment. Trains will be driverless, managed with CBTC, a modern security and mana-
gement system, and the platforms will be separated from the tracks using walls with sliding
doors. When it comes to the tunnel construction, we are also proposing tunnel boring
machine (TBM) as the main technology.

From our international activities, I should mention the work which has begun on the
third diameter metro project in Sofia.

Today, on balancing forty years of experience in investment planning, it is worth remem-
bering what has allowed and allows us to retain a leading position as a design company. The
truth, as preferred in the eyes of current and new clients, is mainly our experience from suc-
cessful preparation of extensive investments. We gained fundamental experience with the
metro, and it would be hard to find more technically demanding and
organisationally complex construction than underground rail in
a city with a history as rich and geology as complicated as in Prague.

I therefore wish to assure all our friends and business partners
that we value your interest in working with us, and can assure you
that the slogans “Our goal — a satisfied customer” and “Strength in
design”, which accompany the majority of our public presentations,
are an order for our work in the coming years.

generalni feditel METROPROJEKT Praha, a. s.
CEO, METROPROJEKT Praha, a. s.
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AKTUALNI KONCEPCE TRASY 1.D PRAZSKEHO METRA
V DOKUMENTACI
PRO UZEMNI ROZHODNUTI
TOPICAL CONCEPT OF THE 1.D LINE OF PRAGUE METRO
IN THE DESIGN FOR THE ISSUANCE OF THE ZONING
AND PLANNING APPROVAL

VLADIMIR CIGANEK, VERA LANGMAIEROVA, JIRI RUZICKA

ovob

Vzhledem k pomérné dlouhému obdobi, kdy problematika
dopravni obsluhy jizniho sektoru mésta metrem nebyla projekéné
feSena, je v ramci této dokumentace potvrzena a stabilizovdna
zdkladni predstava feSeni, kterd odpovidd zdsaddm uvedenym
v ramci probihajicich zmén Uzemniho planu hl. m. Prahy.

Soucasné je prubézné stabilizovdn ndzor na systémové pojeti
nové trasy metra v Praze jako zcela nového prvku dopravni sou-
stavy v podobé moderniho, pIné automatizovaného systému metra
véetné odpovidajicich zdkladnich ndvrhovych parametru
a technologii (provoz bez fidice, bezpecnostni oddelovaci stény
podél ndstupisté atp.).

Obecné je mozné konstatovat, Ze vlastni vedeni trasy vychdazi
z dfive zpracovanych dokumentaci a rozboru s tim, Ze je prislus-
né aktualizuje a dopliuje ve vztahu k novym vstupnim pozadav-
kim mésta a novym systémovym poznatkim.

INTRODUCTION

With respect to the fact that the problems of metro services for
the southern sector of the city have not been solved for a relatively
long period of time, it is good that this design documentation con-
firms and stabilises the basic concept of the solution, which is in
line with principles adopted within the framework of the changes
in the Prague Master Plan being in progress.

At the same time the opinion on the systematic concept of the
new metro line in Prague as a totally new element in the tran-
sport network in the form of a modern, fully automated metro
system, including adequate basic design parameters and equip-
ment (driverless trains, platform-edge doors etc.) has been con-
tinually stabilised.

In general, it is possible to state that the horizontal alignment
design is based on previously prepared documents and analyses,
which are relevantly updated and complemented in relation to
new input requirements of the City and new
information about the systems.
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C o The operational section I of the metro
LETRANY line D being described in this paper is part
£ of the whole line D, which is incorporated

vysocamswh  w.| into the overall concept of the development
=i of the Prague metro network. The valid

"RAM. @l Prague Master Plan considers the Line D to
run between the districts of Pisnice and

=ik i Vysocany. In the new Prague MP, the line is

- AT proposed to be developed between the

s  Pisnice Depot and Namesti Miru Square,
e with a reserve area available for future
A wostivan

wim|  extension to the city centre (a possibility of
an interchange to the Line B and Namésti
Republiky station) or to the area of the

e district of Zizkov. The development of the
Prague metro network in a medium-term

it outlook is presented in Fig. 1.
el The process of considering two variants

of the northward extension of the Line D is
the reason why Hlavni Nédrazi station,
which had been counted with in previous
studies (see the paper by the authors in
TUNEL journal 1/2006), was left out from
the operational section I of the Line D. The
location of this station is absolutely diffe-
rent in the current variants of the Line D
extension. For the same reasons the cros-
sing of tracks at Namésti Miru station is
located before the station and is not consi-
dered as the “classical” solution comprising

Obr. 1 Rozvoj sité praziského metra ve stiednédobém vyhledu
Fig. 1 Development of Prague metro net in a medium-term outlook

the crossing directly linking to stabling tun-
nels behind the station.
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Popisovany I. provozni dsek trasy metra D je soucasti celé trasy
D, kterd je zahrnuta do celkové koncepce rozvoje sité prazského
metra. V rdmci platného Uzemniho planu SU hl. m. Prahy je trasa D
uvaZovina v rozsahu Pisnice — Vyso¢any. V konceptu nového UP
hl. m Prahy je pak navrZena v rozsahu Depo Pisnice — Namésti Miru
s tizemni rezervou pro dal$i rozvoj trasy do centra (moZnost prestu-
pu na trasu B ve stanici Nam. Republiky), respektive do oblasti Ziz-
kova. Rozvoj sité prazského metra ve stiednédobém vyhledu je patr-
ny z obr. 1.

Zvazovéni dvou variant pokralovani trasy D severnim smérem je
duvodem, pro¢ z tiseku 1.D byla vypusténa stanice Hlavni nddrazi,
kterd byla v predchozich studijnich materidlech uvazovana (viz ¢la-
nek autort v &asopisu Tunel 1/2006). Poloha této stanice je pro uva-
Zované varianty prodlouZen{ trasy D zcela odlisnd. Ze stejnych duvo-
du je u stanice Namést{ Miru kifZen{ koleji umisténo pred stanici
a neni uvazovdno osvéd¢ené ,klasické” feSeni s kriZzenim koleji
v pfimé vazbé na odstavné tunely za stanici.

I. provozni tsek trasy D zahrnuje 10 stanic a jeho celkova délka je
10,6 km. Vedeni trasy a lokalizace stanic plné respektuje vyclenény
prostor zakotveny v aktudlnich izemné-planovacich materidlech. Je
vedena koridorem zacinajicim u stanice metra Namésti Miru na trase
A, pokraduje pres Nusle a Pankrdc do Novych Dvora, Libuse a déle
pak do Pisnice, kde kon¢i novym depem. Pracovnimi ndzvy stanic
jsou: Namésti Miru, Ndmésti Bratii Synku, Pankréc, Olbrachtova,
Nadrazi Kr¢, Nemocnice Kr¢, Nové Dvory, Libus, Pisnice a Depo
Pisnice.

Z hlediska novych pifstupt (z pohledu difve uvazovaného feseni) je
potvrzeno vedeni trasy v primém kontaktu s Thomayerovou nemocni-
ci (ndhrada dffve uvazované stanice Zalesi) s pokracovanim jiZnim
smérem do stanice Nové Dvory. Ta je polohové korigovdna tak, aby
umoZnila nové pozadované zaloZeni vétve do oblasti Modran. Déle
veden{ trasy odpovidd pavodnim predpokladim a kromé vlastniho
depa Pisnice zahrnuje novou stanici Depo Pisnice.

Celd trasa je koncipovdna jako systémové oteviend s moznosti
pokraCovéni jak severnim smérem za stanici Namesti Miru a jiznim
smérem za stanici Depo Pisnice (rozvoj do regionu), tak i zminénym
vétvenim smérem do Modfan za stanici Nové Dvory. Situace vedeni
trasy doplnénd o Casové izochrony desetiminutové pési dostupnosti
jednotlivych stanic poskytuje ndzornou informaci o ploSném pokryti
celého tzemi tohoto sektoru Prahy (obr. 2).

Vyskové vedeni trasy je prehledné patrné z podéIného profilu (obr.
3). Celd trasa az na malé tseky je podzemni, hloubka stanic (droven
nastupisté) je vyrazné ovlivnéna pomerné sloZitym vertikalnim Cle-
nénim uzemi, nebot’ trasa pii¢né prochdzi dvé ddoli — Botice
(Nuselské udoli) a Kunratického potoka (Kr¢ské udoli).

Realizaci této stavby bude dosaZeno vyznamnych prinosu
v dopravni obsluze dnes jiz objemnych sidli$tnich celka Kr&, Libus
a Lhotka, které jsou ve sméru do centra dosud odkdzany pouze na
ndvoz autobusy na stanice trasy C metra.

Z hlediska etapizace vystavby je v sou¢asnosti sledovén princip tii
samostatnych provoznich dseku v nésledujicim poradi:

1.D1 — Pankrac — Nové Dvory

1.D2 — Nové Dvory — Depo Pisnice (vetné depa)

1.D3 — Pankrac — Namésti Miru

Pripadnd moznost slouceni jednotlivych etap vystavby je obecné
moZn4 a je prubézné diskutovéna s cilem zjednoduseni dil¢ich prvku
realizace a provozu stavby.

CAS, FINANNCE, STAVEBNI TECHNOLOGIE A VYBAVENI(

Cely prvni provozni dsek trasy I.D je objemove i finanéné velmi
rozsdhld investice. V soucasné dobe se zpracovava dokumentace pro
lizemn{ rozhodnuti. Pfi optimdlnim prabéhu projedndni projektu by
vystavba méla zacit v roce 2014 a vSech deset stanic by mélo byt
postupné zprovoznéno v nékolika etapach. Doba vystavby
a zejména Casové rozloZeni do etap zéavisi predev§im na zajiStén{
financovdni stavby ze strany investora a doznd v prubéhu pracf ziej-
me fadu zmén.

The operational section I of the Line D contains 10 stations
and the total length amounts to 10.6 km. The horizontal align-
ment and locations of stations fully respect the allotted space
which is specified in the current zoning and planning docu-
ments. It runs along a corridor starting at Namésti Miru station
on the Line A, continues across the districts of Nusle and
Pankric to the districts of Nové Dvory and Libu§ and further to
Pisnice, where it is terminated by a new depot. There are the 10
stations proposed for the line, with the following working
names: Ndamésti Miru, Ndmésti Bratfi Synku, Pankric,
Olbrachtova, Nadrazi Kr¢, Nemocnice Kr¢, Nové Dvory, Libus,
Pisnice and Depo Pisnice.

New approaches (new from the point of view of the previous-
ly considered solution) have confirmed that the horizontal
alignment will be in direct contact with Thomayer Hospital (a
substitution for previously considered Zdlesi station), with the
southward continuation to Nové Dvory station. The location of
this station is adjusted to allow a new branch to the area of the
district of Modrany to be developed. The other sections of the
horizontal alignment correspond to the original assumptions
and, with the exception of the Pisnice depot itself, it contains
new Depo Pisnice station.

The entire metro line is drawn up as an open system allowing
the extensions to run both northward (beyond Namésti Miru
station) and southward (beyond Depo Pisnice station allowing
the the development to the region), as well as in the above-
mentioned direction of the branch to Modfany, splitting from
the track beyond Nové Dvory station. The map of the horizon-
tal alignment containing isochronic lines for 10-minute wal-
king distance around individual stations provides clear infor-
mation about the coverage of the entire area of this sector of
Prague (see Fig. 2).

The vertical alignment of the metro line is synoptically obvi-
ous from the longitudinal section (see Fig. 3). The entire metro
line, with the exception of short sections, runs underground; the
depth of stations (the depth of platforms) is significantly affec-
ted by the relatively complicated vertical dissection of the area,
because the route crosses two valleys — the Boti¢ Brook valley
(the Nusle valley) and the Kunratice Brook valley (the Kr¢
valley).

Owing to the implementation of this project, significant con-
tributions to the today already extensive resident traffic in resi-
dential areas of Kr¢, Libu§ and Lhotka, which have been fully
dependent on buses used for transporting passengers heading to
the city centre to stations on the metro Line C, are achieved.

In terms of the project implementation staging, the principle
of three independent operational sections is currently followed,
in the following sequence:

[.D1 — Pankrdac — Nové Dvory

1.D2 — Nové Dvory — Depo Pisnice (including the depot)

1.D3 — Pankrac — Namesti Miru

The contingent possibility of joining individual construction
stages is generally possible; it is continuously discussed with
the aim of simplifying partial elements of the construction and
operation of the metro line.

TIME, FUNDING, CONSTRUCTION TECHNIQUE
AND EQUIPMENT

The entire first operational section of the Line D (I.D Line
section) is a very extensive investment asset in terms of the
extent and funds. At the moment the documents required for the
issuance of the zoning and planning approval are being prepa-
red. If the course of negotiations over the design is optimal, the
construction should commence in 2014 and all ten stations
should be brought into service in steps, in several stages. The
construction time, first of all construction staging, depend
above all on the capability of the project owner to provide




20. rocnik - €. 4/201

funding. It probably
will experience nu-
merous changes du-
ring the course of the
works.

The construction tech-
niques to be used will
apply the experience
gathered till now du-
i E S e ; et R 4| ring the work on the

i i Ta; méfra I.D—Metro Liﬁél.b--l ' . ..+ 4 o L ' 1 .. e Prague metro, flrSt_ of
."'.'1“__. - ||l'.- - S e S ?’T‘ iies: o | AT e all the recent experien-

&'h iR R 4 | e s A Sl kAT ce gained on the con-

&, e | = ! == e AT : struction of the metro
section from Dejvickd
station to Motol station
on the Line A. It will
therefore be the experi-
ence from mined large-
= % AN / v.olume si.ng.le-spe}n sta-
,rﬁ_'-;i;h‘ ,‘ﬂ’ tions, drlv'mg single-
— track running tunnels
using earth-pressure ba-
lance shields (EPBS),
and double-track tun-
nels using the NATM
(the New Austrian Tun-
nelling Method), which
has been the method
prevailing in the con-
struction of underg-
round sections of metro
in Prague during the
past 20 years.

] As far as the struc-
Il { : L ; tural design (tunnels
‘Eﬂf y ' and stations) is con-

cerned, the authors
strive for designing
modern, effective con-
struction methods and
attractive architectu-
ral solutions which
will be amiable for
both the passengers
and the operating per-
sonnel.

Nevertheless, pro-
gress in the structural
solution does not
advance so fast as that
in the equipment. On
this project, state-of-
the-art technologies
will allow us to
design solutions more
economic in terms of
the space, first of all
in the operational hin-
terland of stations
compared with the
recently completed
extension of the Line
C to Letnany and the
extension of the Line
A to Motol, which is
Fig.2 a, b, ¢c Layout plan of the horizontal alignment under construction.
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Obr. 3 Podélny profil
Fig. 3 Longitudinal section

Pouzité stavebni technologie budou vyuZzivat dosavadnich zku-
Senosti z realizace metra v Praze, zejména pak posledni zkuSenos-
ti z realizace metra ze stanice Dejvickd do stanice Motol na trase
A. Pujde tedy o aplikaci zkuSenosti z razenych velkoprostorovych
jednolodnich stanic, raZeni jednokolejnych tratovych tuneld zemi-
novym Stitem (EPBS) a u dvoukolejnych tuneli technologii
NRTM (Nova rakouska tunelovaci metoda), coz byla v poslednich
20 letech prevdzné uzivana technologie provadéni podzemnich
tsekd metra v Praze.

Pokud jde o stavebni feSeni (tunely a stanice), snazi se autori
o navrhovani modernich efektivnich metod vystavby a atraktivniho
architektonického feSeni, které bude piivétivé pro cestujici
i obsluhujici persondl. Ale prece jen ve stavebnim feSeni nespéchd
pokrok dopredu takovymi kroky, jako v technologickém vybaveni.
Zde nam nejmodernéjsi technologie umozni navrhnout prostorové
Uspornéjsi feSeni predev§im v provoznim zdzemi stanic oproti
nedavno dokoncenému prodlouZeni trasy C do Letnan a prodlou-
Zeni trasy A do Motola, které je ve vystavbe.

NOVA KONCEPCE PROVOZU A TECHNOLOGIE METRA

Trasa D je Ctvrtym diametrem v siti metra. Jejim cilem je
v Casovém horizontu tizemniho pldnu hlavniho mésta Prahy zajis-
tit radidlni cesty z oblasti Kr¢e, Lhotky a LibuSe a rozvojovych
Uzemi na jiznim okraji Prahy provoznim dsekem metra I.D Depo
Pisnice — Namesti Miru.

Prvni provozni tsek trasy D zlepsi provozni situaci na trase C
prevedenim Cdsti prepravni zatéZe z trasy C na trasu D. Tim se
CasteCné snizi obsazenost souprav na trase C.

Hlavni prinos prvniho provozniho dseku trasy D je vSak tfeba hle-
dat v nahrazeni silné stopy autobusové dopravy vedené ulici Vi-
denskou a poklesu silného zatiZeni stanice Kacerov. Zéaroven lze oce-
kévat i snizeni objemu prestupujicich cestujicich ve stanici Muzeum.

Nezanedbatelnou vyhodou je i odstranéni provozni zranitelnos-
ti trasy C na Nuselském mosté a moZnost nahradni dopravy met-
rem v piipadé mimoradné situace.

NEW CONCEPT OF METRO OPERATION
AND EQUIPMENT

The Line D is the fourth diameter within the metro network.
Its objective is to secure radial travels from the area of Kr¢,
Lhotka and Libu$§ and developing areas at the southern edge of
Prague by means of the I.D operational section of the metro
between Depo Pisnice and Namésti Miru stations.

The first operational section of the Line D (the I.D section)
will improve the situation in the operation on the Line C by
transferring part of the transport load from the Line C to the
Line D. In this way, train occupancy on the Line C will be par-
tially reduced.

However, the main contribution of the first operational secti-
on of the Line D is to be seen in the fact that the busy bus traf-
fic running along Videnskd Street will be replaced and the
heavy loading on Kacerov station will be reduced. At the same
time it can be expected that the flow of passengers transferring
at Muzeum station will also be reduced.

The removing of the problem of the operational vulnerabili-
ty of the Line C on the Nusle Bridge and providing the possi-
bility of the metro transport alternative in the case of emergen-
cy is also a nonnegligible benefit.

The 1.D metro section with the length of the operating line of
10.6 km runs from Depo Pisnice station to Namésti Miru stati-
on with the following 10 stations along the route: Nameésti
Miru, Ndmésti Bratfi Synka, Pankrdc, Olbrachtova, Néadrazi
Kr¢, Nemocnice Kré, Nové Dvory, Libu§, Pisnice and Depo
Pisnice. Pankrdc station and Namesti Miru station will become
the interchanges between the Line C and the Line A, respecti-
vely. All of the stations have two concoures, with the excepti-
on of the single-concourse Pisnice station.

Exits from the stations are equipped with escalators, which
are combined with an inclined lift, lifts or a combination of
a staircase and a lift. Step-free access is provided at all of the

2.etapa I.D

1.etapa I.D

3.etapa I.D
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Obr. 4 Provozni schéma trasy 1.D
Fig. 4 Operating chart of the line 1.D
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Trasa I.D je vedena ze stanice Depo Pis-
nice do stanice Nameésti Miru. Prestupni [ Technologie trasy D ]

stanic{ s trasou C bude stanice Pankrdc Line D technologies
a s trasou A Namésti Miru. VSechny stanice |
jsou se dvéma vestibuly, resp. vystupy pro

verejnost, krome stanice Pisnice, kterd ma [ technologie dopravniho systému) [technologické zafizeni stavby (TZB)}

Jjeden vestibul. traffic system technology building services
Vystupy stanic jsou vybaveny eskaldtory,

v kombinaci se Sikmym vytahem, vytahy, [ energetické zafizeni | eskalsét?r:'iyéevgﬁmll,‘:t;rpaci }
J

pripadné kombinaci schodisté a vytahu. power equipment
Bezbariérovy pristup je zajistén ve vSech
stanicich. Provozni propojeni trasy I.D se [

escalators, lifts, pumping
I stations, wicket gates

trolejové vedeni }
e

stdvajici .Sl’tl' metra je jgdnokolejnou trato- hlavni vatrani, staniéni
vou spojkou mezi stanici Olbrachtova na vzduchotechnika
trase D a stanici Pankrac na trase C. Spojka main ventilation, station ventilatio

je TeSena jako samostatny jednokolejny automaticka zabezpetovaci

raZeny tunel. Stanice Nové Dvory a Ndmés- a fidici technologie ~ ZTl, vytapéni, chlazeni
ti Miru. Libus. Nemocnice Kré a Namasti automatic interlocking and internal plumbing, heating, cooling

v, o . . . control technology
Bratfi Synku jsou stanice s ostrovnim T
rozvody nn, osvétleni
low voltage distribution, lighting

ndstupistém. Stanice Olbrachtova je dvou- }
slaboprouda zarizeni
weak-current equipment

overhead catenary lin

dverni sténa na
nastupisti
platform-edge doors

odpovida principu stanic s ostrovnim nastu-
pistém (pfimy pristup na obé hrany néstu-
pisté z jedné urovné). Stanice Depo Pisnice, P
Pisnice, Nadrazi Kr¢ a Pankrac budou automaticka vozidla metra
s bo¢nimi nastupisti. \automatic metro carriages

Nova trasa D z hlediska provozniho
a technického bude autonomnim systémem,
ktery je technicky nekompatibilni se stdva-
jicfm provozem. Kompatibilita nového
automatického metra se stdvajicim metrem bude zachovédna pouze
pro prujezd stdvajicich vozidel nezévislé trakce pouZivané pro
udrzbu metra po trati trasy D a naopak. Pro obsluhu a idrzbu trati
bude slouzit depo Pisnice, pro fizeni provozu spole¢ny dopravni
a technicky dispecink umistény u stanice Nadrazi Kr¢.

lodni stanice, kterd ale svym charakterem
méfeni a regulace

measurement and regulation

Obr. 5 Technologie — rozdéleni
Fig. 5 Technologies — subdivision

stations. Operational interconnection of the Line [.D with the
existing metro network is provided by a single-track link bet-
ween Olbrachtova station on the Line D and Pankrac station on
the Line C. The link is solved as an independent mined single-
track tunnel. Nové Dvory, Namésti Miru, Libu§, Nemocnice
Kr¢ and Ndmésti Bratif Synka are stations with intermediate
platforms. Olbrachtova is a double-span station, the character

TECHNICKE NOVINKY TRASY D

* Automatické metro bez strojvedoucich. of which corresponds to the principle of stations with interme-
* Nové prvky bezpecnosti — zejména nastupistni stény. diate platforms (a direct access to both platform edges from one
* Nové koncipované vlaky metra — lehké pruchozi vlaky s vrchnim level). Depo Pisnice, Pisnice, Nadrazi Kr¢ and Pankrac stations

odbérem elektfiny (pantograf) misto spodniho (3. kolejnice).
e Zakdzka technologie dopravniho systému ,,na kli¢*“ — novy
zpusob doddni.

will have side platforms.

Pisnice, Libu§, Nemocnice Kr¢, Namésti Bratfi Synku stati-
ons are of the cut-and-cover type; Depo Pisnice station is of the
depressed type, whilst Nadrazi Kr¢ is on a bridge. Nové Dvory,
Pankrdc and Nameésti Miru are single-vault mined stations and
Olbrachtova station is of the double-span type.

From the operational and technical point of view, the new
Line D will be an autonomous system which is technically
incompatible with the existing operation. The compatibility of

7 N

sasss=pmelsis)s puass
A [ oo BB

Obr. 6 Automaticky provoz bez strojvedoucich (pruchozi vlakové soupravy
a Fidici dispecerské pracoviste)

Fig. 6 Automated driverless operation (intercommunicating train sets and Obr. 7 Délici stény na ndstupisti (pohled na sténu a piidorys s vlakem)
a control room) Fig. 7 Platform-edge doors
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Obr. 8 Délici stény na ndstupisti
Fig. 8 Platform-edge doors

Obr. 9 Uzavieny odbavovaci systém (turnikety)
Fig. 9 The closed entry system (wicket gates)

the new automated metro operation with the existing metro net-
work will be maintained only for the passage of the current-
independent traction vehicles, which are used for the mainte-
nance along the Line D route and vice versa. The operation and
maintenance of the track will be provided by the Pisnice depot,
whilst the operation will be controlled by a common transpor-
tation and technical control centre located next to Nadrazi Kr¢
station.

TECHNICAL NOVELTIES ON LINE D

* Automated metro with driverless trains

* New safety elements — first of all platform-edge doors

* New concept of metro trains — light-weight, with intercom-
municating carriages, with an overhead power collection
system (a pantograph) instead of a third rail system

Obr. 10 Hldsky SOS na ndstupisti * Turn-key contract for the traffic equipment system — a new
Fig. 10 Emergency call boxes way of supply

NOVE PRVKY BEZPECNOSTI NEW SAFETY ELEMENTS
* Bezpecnostni sténa oddéluje nastupiste a vlak a zabranuje tak * Platform-edge doors separating the platform from trains and
pédu cestujicich a pfedmétt pod vlak. preventing passengers and objects from falling under trains.
e Uzavieny odbavovaci systém (turnikety) zabranuje vstupu do ¢ A closed entry system (wicket gates) preventing passengers
placeného prostoru metra bez zaplaceni jizdného. from entering the metro space without paying the fare
 Hldsky SOS na ndstupisti i ve vozech se spojenim na dispecink * Emergency call boxes both on platforms and inside carria-
dovoluji cestujicimu okamzité spojeni s dispeCinkem ges connected to the control centre, allowing a passenger to
v pripadé¢ nouze. be immediately connected with the control centre in the
* Kamerovy dohled na ndstupisti i ve vozech zvySuje bezpec- case of emergency
nost cestujicich a odrazuje nezddouci individua (zlodgji, van- ¢ Video surveillance over platforms and inside carriages, inc-
dalové atp.) od jejich Cinnosti. reasing the safety of passengers and discouraging objectio-
nable individuals (pickpockets, vandals etc.) from their
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RAZENE STANICE NA TRASE 1.D METRA
MINED STATIONS ON PRAGUE METRO LINE 1.D

OTAKAR HASIK, ALENA MARTINKOVA, MIROSLAV MROCZEK, PAVEL SYS,
JIRI RUZICKA

UvoD

S ohledem na morfologii terénu a v Castech trasy i souvislou
obytnou zdstavbu je trasa metra I.D v prevdzném rozsahu razend.
Z 10 navrhovanych stanic jsou 4 stanice razené, 4 hloubené a 2 po-
vrchové. Umisténi v méstské zdstavbé znamena limity vyplyvajici
z polohy komunikaci, budov, stavajicich staveb metra, ochrannych
pasem inZenyrskych siti a dal$iho vybaveni mésta. S tim je nutno
pocitat jak pfi umisténi stanic a jejich konstrukei, tak i pfi planova-
ni vystavby, kterou provézeji poklesy povrchu, omezeni pfistupu,
zvyseny hluk, doprava rubaniny, materidlu i pracovniku (dopravni
trasy) a dalsi. Celkova situace trasy 1.D a ostatnich tras prazského
metra je na obr. 1 ¢lanku Cigdnek a kol. v tomto Cisle Casopisu
Tunel.

Stanice budou razeny technologii NRTM (Nova rakouskd tunelo-
vaci metoda) s rozpojovanim hornin trhacimi pracemi i strojné skal-
nim bagrem. Stejné tak budou realizovany navazujici podzemni
dila — pfistupové a prestupni tunely, komory pro vétveni trasy, eska-
latorové tunely, vétraci, vytahové a montaZni Sachty i dalsi mens{
prostory.

Predpoklddd se vertikdlni i horizontdln{ &lenéni vyrubu.

CELKOVA KONCEPCE STANIC A JEJICH URBANISTICKE
RESENI

Ur¢ujici zasadou konstrukéniho a dispozi¢niho feSeni stanic na
trase I.D je velkorysost a uvolnénost vsech verfejnosti pristupnych
prostort. Jsou navrZeny ndstupi§tni prostory jednolodni nebo dvoj-
lodni nové s prosklenymi bezpe€nostnimi sténami oddélujicimi
prostor ndstupi$té od prostoru kolejiste.

Obr. 1.1 Stanice Pankrdc - situace
Fig. 1.1 Pankrdc station layout

INTRODUCTION

With respect to the terrain morphology and, in some parts of the
route, even uninterrupted residential development, the majority of
tunnels on the Line I.D of the Prague metro are designed as mined
structures. Of the 10 stations designed, 4 stations will be mined, 4
cut-and-cover and 2 will be built at grade. Locations found within
urban development areas are subjected to limits following from the
position of roads, buildings, existing metro structures, exclusion
zones along utility networks and other urban facilities. It is neces-
sary to allow for this fact not only when the locations for stations
and their structures are being designed, but also when the construc-
tion, which is attended by the subsidence of the surface, restrictions
to the access, increased noise levels, transportation of the muck,
materials and workers (transport routes) etc. is being planned. The
layout plan of the I.D Line route is in the paper by Cigédnek et al.
contained in this TUNEL journal issue.

The stations will be driven using the NATM (the New Austrian
Tunnelling Method); ground will be disintegrated by both the drill-
and-blast technique and rock excavators. The same method will be
applied to underground structures linking to them, i.e. access tunne-
Is, passenger interchange tunnels, route bifurcation chambers, esca-
lator tunnels, ventilation shafts, lift shafts, assembly shafts, as well
as other smaller structures.

The excavation sequence is expected to be both vertical (sidewall
drifts and a central core) and horizontal (top heading, bench and
invert).

OVERALL COMPOSITION AND PLANNING CONCEPTION
OF STATIONS

The determining principle of the structural and layout design for
stations on the Line 1.D is broad-mindedness and keeping the spaces
accessible to the public unobstructed. Single-span or double-span plat-
form spaces are designed, newly with glazed safety walls with plat-
form-edge doors, separating platform spaces from the track space.

The so-called lift concourses with economical demands for equ-
ipment, thus also smaller permanent land acquisition areas, will be
a certain novelty.

The architectural and, first of all, visual solution for the stations
will be a subject of a wider discussion within the professional pub-
lic, with the objective to find modern but at the same time utilitari-
an and strictly functional means of expression.

PANKRAC D STATION

This station is located in an area which has recently experienced
significant conversion owing to private investors. It is becoming
one of important centres of Prague sectors. Through its layout, the
station makes it possible, apart from services provided for surface
buildings, to directly interchange to Line C. The larger profile of the
single-vault station allowed a higher capacity of the exit routes from
the platform level to intermediate floors by means of escalators to
be designed.

The single-vault mined station Pankrac on the Line I.D has side
platforms with the top of rail (TR) at the depth of about 33 m under
the ground surface. It is located in close vicinity to the cut-and-
cover Pankric station on the Line I. C. This arrangement gives rise
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Obr. 1.2 Stanice Pankrdc — podélny rez
Fig. 1.2 Pankrdc station longitudinal section

Urc¢itou novinkou budou také tzv. vytahové vestibuly s tspornymi
néroky na technologické vybaveni, a tim i na trvalé zdbory ploch na
terénu.

Architektonické a zejména vytvarné feSeni stanic bude v dalSich
stupnich dokumentace predmétem $irsi diskuse v odborné vefejnosti
s cilem nalézt moderni, ale zaroven utilitirni a pfisné funkéni vyra-
zové prostiedky.

STANICE PANKRAC D

Stanice se nachdzi v tdzemi, které zaznamenalo v posledni dobe
vyraznou preménu diky soukromym investorim a stdvd se jednim
z vyznamnych sektorovych center Prahy. Stanice svym dispozi¢nim
usporddanim umoznuje vedle obsluhy tizemi na povrchu i pfimy pre-
stup na trasu C. VEt§i profil jednolodni stanice umoznil navrhnout
kapacitnéjsi feSeni vystupnich tras z Grovné ndstupi$té na mezipatra
pomoci eskalatora.

Jednolodni raZend stanice Pankrdc na trase I.D m4d bo¢ni ndstupis-
t€ s temenem kolejnice metra (TK) v hloubce cca 33 m pod povrchem
terénu. Je situovand v tésné blizkosti hloubené stanice na trase 1.C.
Vznika tak prestupni uzel tvoreny stanicemi na trase C a D, zaroven
celkovd dopravné-urbanistickd koncepce i stavebni a technické rese-
nf umoznuji roz§ifeni prestupnich vazeb na pripadnou stanici trasy E.

Délka ndstupiste je 100 m, osovd vzdalenost koleji v misté ndstu-
piste je 4,5 m. Na hrané néstupiSté je navrZzena bezpeCnostni sténa
oddeélujici prostor nastupisté a kolejisté. Stanice je diky své koncepci
jednolodni razené stanice charakteristicka velkym vzdusnym klenbo-
vym prostorem, ktery vyjadiuje duleZitost této stanice jakoZto pre-
stupniho uzlu na trasu C. Z dvojice bo¢nich néstupist vedou vertikal-
ni komunikace (pevné schodiste a eskaldtor na kazdém konci ndstu-
pisté) a vytahy ke dvéma galeriim, které u severniho i jizniho Cela sta-
nice prekracuji kolejist¢ metra. Galerie jsou vysunuty do volného
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Obr. 1.3 Stanice Pankrdc — pFiény rez
Fig. 1.3 Pankrdc station cross-section

to an interchange node consisting of the stations on the Lines C and
D. In addition, the overall town planning concept and the structural
and technical solution make the expansion of interchange relations-
hips to a prospective station on the Line E possible.

The platform length is 100 m, the track centre distance at the plat-
form is 4.5 m. A safety wall with platform-edge doors, separating
the platform space from the track space, is designed for the station.
Owing to its concept of a mined single-vault station, the station is
characterised by a large, airy space below the vault, which expres-
ses the significance of this station as an interchange node to the Line
C. Vertical routes (a fixed staircase and an escalator found at both
ends of each of the two side platforms) and lifts lead to two galleri-
es, which cross over the metro rails at both the northern and sout-
hern end of the station. The galleries protrude into the free space and
are suspended on ties. At the same time, corridors from all access
escalator tunnels leading to individual concourses and to the sout-
hern end of the existing station on the Line C are connected to the
above-mentioned gallery.

The interchange is designed to run in the direction of the eastern
end of the existing station on the Line C, via a cut-and-cover and
partially mined escalator tunnel, ending in the space between the
existing cut-and-cover running tunnels on the Line C. Direct exiting
to the ground surface is assumed to be possible via a pair of inde-
pendent mined escalator tunnels. There is an escalator tunnel lea-
ding from the northern end of the station directly to the new com-
plex of shopping malls in the Gemini building. A common corridor
leads from the southern end of the station to an escalator allowing
interchanging to the platform of the station on the Line C and to the
Arkéady shopping centre.

In the direction of the post office, the transition gallery passes into
the mined structure of the escalator tunnel with a inclined platform
disabled lift; the cut-and-cover part of the escalator tunnel is termi-
nated in a newly designed two-level underground structure of the
post office concourse under Budéjovicka Street. Owing to this con-
course, direct access to and exit from the station on the Line D to
the still unoccupied corner space between Na StrZi Street and

Obr. 1.4 Stanice Pankrdc — 3D vizualizace
Fig. 1.4 Pankrdc station 3D visualisation




Obr. 2.1 Stanice Olbrachtova - situace
Fig. 2.1 Olbrachtova station layout

prostoru stanice a jsou zavéSeny na Sikmych tahlech. Do téchto gale-
rif jsou zdroven zadstény chodby od vSech pristupovych eskaldtoro-
vych tuneld vedoucich k jednotlivym vestibulim a do &ela existujici
stanice trasy C.

Prestup je navrZen smérem k vychodnimu éelu stanice na trase C
hloubenym a éste¢né razenym eskaldtorovym tunelem usticim do
prostoru mezi stavajicimi hloubenymi tratovymi tunely trasy C.
Primy vystup na terén se predpoklddd dvéma nezdvislymi razenymi
eskaldtorovymi tunely. Ze severniho Cela vede eskaldtorovy tunel
piimo do nového komplexu obchodnich pasdzi objektu Gemini.
Z jizniho &ela je pak vedena spole¢nd chodba do prestupniho eskald-
torového tunelu na ndstupisté stanice trasy C a do obchodni pasdze
Arkady Pankréc.

Smérem k poste prechdzi prestupni chodba do razeného objektu
eskaldtorového tunelu se Sikmym vytahem, hloubena ¢ast eskaldtoro-
vého tunelu je ukoncena v nové navrzeném dvoupodlaznim podzem-
nim objektu vestibulu Posta pod ulici Budéjovickou. Tento vestibul
umoznuje piimy vstup a vystup ze stanice trasy D do dosud volného
néarozniho prostoru mezi ulicemi Na StrZi a Budéjovicka pred hlav-
nim vchodem objektu posty. Vestibul vytvaii moZnost zalozeni
obchodni pasdze kolmo na osu ulice Budéjovicka pro rozvoj Ceské
posty a pro pripadnou reurbanizaci ploch na protilehlé strané ulice
Budéjovické (aredl OC Bauhaus).

JakoZto s potencidlni samostatnou investici se uvaZuje
s vybudovanim podchodu pod ulici Na Pankréci véetné dvojice pri-
mych vystupt smérem k budoucf zastdvee tramvajové traté. Ta mize
vzniknout v ulici Na Pankréci prodlouZenim soucasné tramvajové
linky ¢. 18.

Bezbariérové zpristupnéni viech verejnych prostor zajistji vytahy.

Na jizni konec néstupisté trasy D navazuje raZeny technologicky
tunel a dvoukolejny razeny tratovy tunel sméfujici ke stanici
Olbrachtova. Dvoukolejny tratovy tunel se ddle vétvi na tratovy tunel
a jednokolejny odstavny tunel. Pfed stanici Olbrachtova je do néj
zadsténa kolejovd spojka k existujici trase C.

Na stran¢ do centra navazuje na jednolodni tubus stanice obratovy
dvoukolejny tunel. Ten bude v 1. etapé vystavby zakonten demon-
tazni komorou, kterd bude ve 3. etapé vystavby slouZit jako prostor
pro demonté? razicich $titd jedoucich z Namésti Bratii Synku.

=
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Obr. 2.2 Stanice Olbrachtova — pri¢ny rez
Fig. 2.2 Olbrachtova station cross-section
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Budg€jovickd Street, before the main entrance to the
Post Office is possible. The concourse provides an
opportunity to found a shopping mall perpendicular-
ly to the Budéjovicka Street centre line, to further
develop the Post Office and to re-urbanise areas on
the opposite side of Budéjovicka Street (OC Bauhaus
grounds).

The development of a pedestrian subway under Na
Pankrdci Street, including a pair of direct exits
toward a future tram stop, is under consideration as
a potential separate piece of investment. The tram
stop can originate in Na Pankrdci Street by extending
the existing tram line No. 18.

Step-free access to all public spaces is provided
by lifts.

A mined technological tunnel and a double-track
running tunnel heading toward Olbrachtova station
are connected to the southern end of the Line D sta-
tion platform. The double-track running tunnel furt-
her bifurcates, forming a running tunnel and a single-track stabling
tunnel. A rail link to the existing Line C is connected to the stabling
tunnel before Olbrachtova station.

On the city centre side, a double-rail dead-end tail track is conne-
cted to the single-vault station tube. In the first stage, it will termi-
nate in a dismantling chamber, which will serve as a space for dis-
mantling tunnelling shields running from Bratif Synku Square in the
3rd construction stage.

OLBRACHTOVA STATION

This station is located along Na Strzi Street, using an unoccupied
green area in front of a block of apartment houses. From the techni-
cal point of view, this location is ideal. There is sufficient space
there for developing the construction site, with minimum disturban-
ce to traffic.

The station is a double-span mined structure with broad-minded,
12 m wide transverse tunnels at the ends of the platform. The positi-
ves of the double-span configuration for passengers are identical with
the positives of a single-vault station with an intermediate platform. It
is possible to switch between the platform edges without the necessi-
ty of overcoming differences in levels. In contrast to the single-vault
station, there are savings in the volume of excavated muck here.

Escalator tunnels can be better connected to the platform space at
an angle (in the case of the single-vault station it is necessary to
position an escalator tunnel in the direction of the longitudinal axis
of the station or only slightly deviating from it). It is however first
of all owing to smaller excavated cross-sectional areas of double-
span station tunnels compared with single-vault stations that this
type can be used even in less favourable geological conditions. This
is the case of Olbrachtova station.

Design drafts for vertical routes from the station to the concourse
have experienced significant development, from an economical
connection between the platform and the surface using lifts through
exiting along a single escalator tunnel located in the middle conne-
cting tunnel (the width of the connecting tunnel would be as large
as possible so that the spatial requirements of the access to the plat-
form were satisfied), up to a solution with the exit to the ground
level along two escalator tunnels from the cross passages at the ends
of the platforms, which would serve and increase the value of the
largest area on the surface.

Owing to the orientation of the exit from the station toward the
intersection between Jeremennkova and Antala Staska and Na Strzi
it is possible to connect the station to the tangential route of bus traf-
fic and, in the prospect, tram traffic running along the footprint of
Jeremenkova Street.

The other exit toward Antala Staska Street creates and clearly
defines new public space, a square, in this sector.

A diverging switch assembly is connected to the station in
the direction of Pankrac. It forms the beginning of the operational
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STANICE OLBRACHTOVA

Stanice je umisténa podél ulice Na StrZi, vyuziva volné zelené
plochy pred blokem obytnych domu. Z technického hlediska je tato
poloha idedlni, je zde dostatek mista pro rozvinuti stavenisté
a pritom dojde k minimdlnimu naru$eni dopravy.

Stanice je razend dvojlodni s velkorysymi pricnymi tunely $itky
12 m na koncich néstupisté. Pro cestujiciho ma dvojlodni uspora-
dan{ stejnd pozitiva, jako jednolodni raZend stanice s ostrovnim
ndstupi$tém. Mezi hranami ndstupisté 1ze volné prechdzet bez nut-
nosti prekondvat vyskové rozdily. Oproti jednolodni stanici doché-
z{ k ispordm v objemu vytéZené rubaniny.

Do prostoru ndstupisté Ize 1épe zatstit eskaldtorové tunely pod
Sikmym dhlem (u jednolodnich stanic je nutné situovat eskaldtoro-
vy tunel ve sméru podélné osy stanice nebo jen s nepatrnou odchyl-
kou). Pfedevsim ale diky mens§im profilim vyrubu stani¢nich tune-
18, na rozdil od jednolodnich stanic, je moZno tento typ stanic rea-
lizovat i v méné priznivych geologickych podminkach. A to je pri-
pad stanice Olbrachtova.

Vertikdlni cesty ze stanice do vestibulu prosly v ndvrzich vyvo-
jem, od dsporného vytahového spojeni ndstupi§té s povrchem pres
vystup jednim eskaldtorovym tunelem ze stfedniho propojovaciho
tunelu (pfitom §itka této propojky by byla co nejvétsi, aby uspoko-
jila prostorové potieby piistupu na nastupist€) az po vystup na terén
dvéma eskaldtorovymi tunely z krajnich propojek nastupist, kdy je
samoziejmé obslouZeno a zhodnoceno na povrchu nejvétsi tzemi.

Orientace vystupu ze stanice ke kfizovatce ulic Jeremenkovy,
Olbrachtovy a Na StrZi umoZnuje vazbu na tangencidlni dopravni
tah autobusové, pripadné vyhledové tramvajové dopravy vedené
stopou Jeremenkovy ulice.

Druhy vystup k ulici Antala Staska vytvari a jasné definuje dalsi
vefejny prostor ulice a namésti v tomto sektoru.

Na stanici ve sméru k Pankrici navazuje vyhybkové odboceni
tvorici pocatek provozni spojky ,,D-C“. Vzhledem k omezenému
vyznamu v béznych provoznich podminkich je spojka navrzena
pouze jednokolejnd.

STANICE NOVE DVORY

Stanice se nachdzi v pomérné malo zastavéném dzemi v misté
krizovatky ulic Libusskd a Durychova. Cely uzemni blok vymeze-
ny ulicemi Novodvorskd, Durychova, Libunskd a Chynovskd je
preduréen k vyhledové urbanizaci v podob€ obchodné-administra-
tivniho centra ve ¢tvrti Nové Dvory. Stanice umisténd do této loka-
lity bude plnit ne€kolik dopravnich funkei: dopravni obsluhu rozvi-
jejicitho se tzemi, prestup na autobusovou dopravu a pristup
k parkovisti pro osobni automobily (systém Park & Ride).

Stanice je orientovdna priblizné v ose sever-jih. Jedna se
o jednolodni raZenou stanici s ostrovnim ndstupistém $itky 11,06 m,
vyska ndstupis§té 900 mm nad TK. Hloubka pod drovni terénu

Obr. 3.1 Stanice Nové Dvory — situace
Fig. 3.1 Nové Dvory station layout

“D-C” link. With respect to the limited importance of the link in com-
mon operational conditions, it is designed only with a single track.

NOVE DVORY STATION

This station is located in a relatively little developed area at the
intersection between Libusskd and Durychova Streets. The entire
area bordered by Novodvorskd, Durychova, Libunskd and
Chynovskd Streets is predetermined for future urban development
in the form of a commercial-administration centre in the district of
Nové Dvory. The station placed to this location will fulfil several
traffic-related functions: the function in resident traffic in the deve-
loping area, interchange with surface running buses and an access to
a car park (the Park & Ride system).

The station is oriented approximately along the north-south axis. It
is a single-vault mined structure with an 11.6 m wide intermediate
platform. It is a single-vault mined structure with an 11.06 m wide
intermediate platform. The platform height above top of rail is
900 mm. The depth under the terrain surface is about 33.0 m. The
total length of the station tunnel is 208 m. Mined tunnels for

Obr. 3.2 Stanice Nové Dvory — podélny Fez
Fig. 3.2 Nové Dvory station longitudinal section
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Obr. 3.3 Stanice Nové Dvory — pri¢ny Fez
Fig. 3.3 Nové Dvory station cross-section

cca 33 m. Celkovd délka stani¢niho tunelu je 208 m. Na jizni konec
nastupisté dlouhého 100 m navazuji raZzené obratové a odstavné
koleje pokracovani tratového useku smerujictho ke stanici Libu§
a déle do Pisnice (ktery bude realizovan v druhé etapé vystavby).
Zalozeny zde budou i tunely mozného vétveni trasy smeérem do
Modian, proto je jiZzni konec stanice zvétien aZ na profil 300 m?.

Stanice md dva vestibuly. Jizni vestibul se vdze k Durychové
ulici, mistu potencidlni urbanizace a prestupu k ndvazné doprave.
Vlastni vestibul je koncipovdn jako povrchovy vytahového typu
s pfimou vazbou na uli¢ni parter. Spodni ¢dst navazuje kratkym
tunelem na ldvku nad koleji§tém. Tento ndstupni prostor k vytahim
je uzpusoben pro napojeni eskalatorového tunelu vedouciho do pfi-
padné zastavby na misté navrzeného P+R.

Severni vestibul je rovnéZ povrchovy a je orientovany primo
k hlavni pési ose podél soucasné zéastavby v okoli gtflrovy ulice.

Technické prostory stanice jsou v jeji jizni ¢asti, kde se nachdzi
i energoblok v drovni ndstupi$té. Dalsi technické prostory jsou
umistény v drovni nad ndstupi$tém a déle v prostoru kolejového
rozpletu pro budouci odboceni trasy. Do tunelu kolejového rozple-
tu dsti z vychodu pfistupova $tola, ve které bude v definitivnim
stavu strojovna hlavniho vétrani. Pfistupovd §tola v pfimé vazbe na
prostor stanice bude umoZiovat vystavbu stanice Nové Dvory
i navazujicich obratovych tuneld podobné jako v piipadé stanice
Pankrdc kapacitni bezkolejovou razici technikou primo z terénu,

My oo

bez svislé téZni Sachty.

Obr. 4.1 Stanice Namésti Miru 3D — vizualizace
Fig. 4.1 Nameésti Miru station 3D visualisation
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turn-back and stabling tracks linking to the southern end of the 100 m
long platform are the continuation of the track section heading
toward Libus station and further to Pisnice. This section will be con-
structed in the second construction stage). In addition, starting tun-
nels stubs for the possible bifurcation of the line toward Modrany
will be carried out in this station. This is why the cross-sectional area
will be enlarged up to 300 m? at the southern end of the station.

There are two concourses in the station. The southern concourse
links to Durychova Street, which is a potential location for urban
development and a interchange point for surface running traffic. The
concourse itself is designed as an at grade structure with lifts, direct-
ly connected to the street level. The lower level is connected
through a short tunnel to a pedestrian bridge over the tracks. This
space providing access to lifts is adjusted for the connection of an
escalator tunnel leading to the future development area in the loca-
tion of the planned P & R facility.

The northern concourse is also an at-grade structure. It is oriented
directly toward the main pedestrian traffic axis running along the
existing buildings in the vicinity of Stiirova Street.

Station equipment rooms are in its southern part, where a power
unit is found at the platform level. Other equipment rooms are at the
level above the platform and in the space of the track bifurcation for
the future track branching. An access gallery connects to the bifur-
cation chamber. In the final state it will house the main ventilation
plant. The access gallery, in direct relationship with the space of the
station, will make it possible to construct Nové Dvory station and
linking turn-back tunnels similarly to the construction of Pankrac
station, using high-capacity trackless mining equipment directly
from the ground surface, without a vertical hoisting shaft.

NAMESTI MIRU D STATION

Namésti Miru station, with the top of rail level about 40 metres
under the surface, is solved as a mined single-vault station with
direct interchange to the Line A. It is a terminal station within the
framework of the Line D. It has two concourses located in Sdzavska
Street, with its exits to Vinohrady Avenue and, on the opposite end,

Korunni

Obr. 4.2 Stanice Namésti Miru — pri¢ny rez v misté prestupniho uzlu
Fig. 4.2 Ndameésti Miru station cross-section through the location of the
interchange hub
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Obr. 4.3 Stanice Namésti Miru podélny rez
Fig. 4.3 Nameésti Miru station longitudinal section

STANICE NAMESTI MIRU D

Stanice Namésti Miru s TK v hloubce cca 40 m pod terénem je
fesena jako raZzend jednolodni stanice s pfimym prestupem na trasu
A. V rdmci trasy 1.D je tato stanice koncovd. Stanice ma dva vesti-
buly situované do ulice Sdzavské, a to pii vyusténi na Vinohradskou
tiidu a na opa¢ném konci do Francouzské ulice. Vytvorenim obou
vestibult v Sézavské ulici dojde k jejimu dopravnimu zklidnéni{ pfi
rozsiteni pésich ploch.

Dispozi¢né jde o stanici s ostrovnim nastupistém s trojicemi eska-
ldtoru v obou &elech a s propojenim ze stfedu néstupist€ dolu, do pre-
stupniho uzlu do dosud zaslepeného Cela stfedniho stani¢niho tunelu
stanice trasy A trojici eskaldtort a Sikmym vytahem. JiZnim smérem
pokracuje navySeny prostor stanice rozdéleny do 4 etdZi jako techno-
logicky blok.

Stanice se nachdzi ve zcela zastavéném tizemi, a proto se do uli¢-
niho parteru propisuje jen minimélné nekrytymi schodisti a vytahy.

Bezbariérovy pristup na ndstupiste trasy D i trasy A zajiStuji svislé
vytahy, dstici do Korunni tfidy z parteru domu &. p. 734. Zdroven je
tak umoZnén piimy prestup z trasy D i z trasy A na vSechny tramva-
jové linky v oblasti.

Nastupisté trasy D nadchazi kolmo trasu A. Na severni konec
ndstupi$té navazuji jednokolejné obratové a odstavné tunely.
V budoucnu tady mohou navizat tratové tunely dal$iho dseku smé-
fujici k hlavnimu nddraZi. Univerzélni moZnost dopravnich pohybu
souprav je zajisténa dvojitou kolejovou spojkou (kiizem) pred jiznim
celem stanice.

Z prostoru odstavnych koleji vede ddl vzduchotechnickd Stola se
strojovnou hlavniho vétrdn{ a na terén je vyusténa vzduchotechnic-
kou Sachtou do prostoru Riegrovych sadd u aredlu TJ Sokol
Vinohrady.

Do prostoru krizovatky Slezské a Blanické ulice je situovédna pri-
stupova Sachta s navazujici Stolou do prostoru stanice. Budou vyuZzi-
vény pro vlastni vystavbu stanice. Tuto Stolu je mozné pripadné vyus-
tit i vedle vétraci Sachty pro metro A. Soucasné je se stavajici Stolou
trasy A primo propojena.

ING. OTAKAR HASIK, hasik@metroprojekt.cz,

ING. ALENA MARTINKOVA, martinkova@metroprojekt.cz,
ING. MIROSLAV MROCZEK, mroczek@metroprojekt.cz,
ING. PAVEL SYS, sys@metroprojekt.cz,

ING. JIRI RUZICKA, ruzicka@metroprojekt.cz,
METROPROJEKT Praha, a. s.

Recenzoval: doc. Ing. Vladislav Hordk, CSc.

LITERATURA / REFERENCES
Archiv spolec¢nosti Metroprojekt Praha, a. s.

in Francouzskd Street. By creating two concourses in Sdzavskd
Street the traffic in the street will get eased and areas for pedestrians
will be expanded.

In terms of the layout, the station has an intermediate platform,
two banks of three escalators (one bank on each end of the station)
and a connection down from the platform centre to the interchange
node at the till now blinded end of the central station tunnel on the
Line A via a bank of three escalators and an inclined disabled plat-
form lift. Southward, there is an enlarged-height space of the stati-
on, which is divided into 4 levels as an equipment block.

The station is located within a completely built-up area. For that
reason only it is projected to the street level only minimally, through
uncovered staircases and lifts.

Step-free access to the platform on both the Line D and Line A is
provided by vertical lifts surfacing in Korunni Street, in the ground
floor of building No. 734. In addition, this solution makes direct
interchanging from the Line D and from the Line A to all tram lines
within the particular area.

The platform on the Line D crosses perpendicularly over the Line
A. Two single-track turn-back and stabling tunnels link to the nort-
hern end of the platform. Running tunnels of the next metro secti-
on, heading toward Hlavni Ndadrazi station, could be connected
there in the future. The universal possibility for trains to move is
provided by a double crossover (a scissor crossing) before the sout-
hern end of the station.

A ventilation gallery with the main ventilation plant room leads
from the space of the stabling tracks to a ventilation shaft ending on
the ground surface in the area in the area of Riegrovy Sady Park,
near the grounds of TJ Sokol Vinohrady (a physical training union).

An access shaft with a gallery connected, leading to the station
space, is located in the area of the intersection between Slezska
Street and Blanicka Street. These structures will be used for purpo-
ses of the construction of the station itself. If required, the exit from
this gallery can even be located next to the ventilation shaft for the
metro Line A. In addition, this gallery is directly connected with the
existing gallery on the Line A.
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UVAZOVANE TECHNOLOGIE RAZEB TUNELU NA TRASE 1.D METRA

TECHNOLOGIES UNDER CONSIDERATION FOR TUNNELLING ON
METRO LINE 1.D

JIR( RUZICKA, MIROSLAV KOCHANEK, STANISLAV SRYTR, OTAKAR HASIK

SMEROVE A VYSKOVE RESENI TRASY

Pfi ndvrhu smérového a vyskového vedeni trasy I.D se
vychdzelo z vyhlasky 177/1995 Sb. Ministerstva dopravy, kte-
rou se vyddva stavebni a technicky ¥4d drah, a z CSN 73 6430
Geometrické uspordddni koleji metra — Kolejovy svriek metra.

Dile bylo nutno respektovat nékolik zdsadnich limitujicich
faktoru:

— poloha stanic metra Pankrdc a Ndamésti Miru je pfizpuso-

bena prestupnim vazbdm na trasy C a A,

— poloha stanice metra Nadrazi Kré je smérové a vySkoveé
situovdna s ohledem na vodni plochu a vodni tok
(Kunraticky potok) situovany primo pod stanici metra,

— nové navrhované stanice jsou situovany s ohledem na limi-
tujici vazby urbanistické; zdroven kladou duraz na funkg-
nost a ekonomicnost.

Pfi ndvrhu trasy byly pro smérové vedeni uvazovany oblou-
ky o poloméru R = 500 m s vyjimkou 1 smérového oblouku
u stanice Pisnice, kde bylo nutno pouzit oblouk R= 450 m.

Pro vyskové vedent trasy jsou zakruzovaci oblouky p > 2000 m.
V jediném pripadé bylo nutno pouzit p = 1500 m. Maximalni
podélny sklon v trase ¢ini 39,5 %o. Stanice jsou vzdy v jednotném
podélném sklonu 3 %o.

Cela trasa vyhovuje pro ndvrhovou rychlost V = 80 km/h. Ve
vyhybkovych objektech je omezena rychlost do odbocky na
40 km/h. Spojka do depa je navrZzena rovnéz na rychlost 40 km/h.

Navrzend trasa I.D je stani¢ena smérem od stanice Depo
Pisnice (ZU km 18,461.578 LK) ke stanici Ndamésti Miru
(KU km 29,521.174 LK).

MORFOLOGIE TERENU

Dalsi vyznamny faktor, ktery ovlivnil zejména vysSkové
vedeni trasy 1.D, je morfologie terénu. Provozni tsek 1.D zaci-
nd pred stanici Depo Pisnice a je veden generelné k SSZ az
severu. Na zacdtku trasy mezi cca km 18,500 az 22,100 je
povrch terénu jen mirné zvlnény v drovni cca 293-310 m n. m.
Dile pak terén viceméné pozvolna a plynule klesd do udoli
Kunratického potoka, a to az na droven kolem cca 210 m n. m.
u stanice Nadrazi Kr¢ v cca km 24,650. Z udoli terén prudce
stoupd na ploSinu pankrdcké plané€, kterd se tdhne v tseku km
25,400-km 26,800, kde se povrch terénu nachazi v drovni cca
266-269 m n. m. Od kfiZeni trasy metra se severojizni magist-
rdlou terén opét klesd, tentokrat do idoli Boti¢e v Nuslich, na
nejniz§i droven v trase, a to az do drovné cca 197 m n. m. v cca
km 28,200 v prostoru ulice Otakarova. Odtud terén znovu
velmi prudce stoupd smérem na Vinohrady, kde dosahuje nej-
vyS$si drovné kolem cca 257 m n. m. v km cca 29,100 u ulice
Francouzské. Odtud se pak terén opét mirné skldni smérem
k Vinohradské tiidé a na konci tdseku za stanici Namésti Miru
je nadmorskd vyska terénu kolem 243 m n. m.

GEOLOGICKE A HYDROGEOLOGICKE POMERY

Celé zdjmové tzemi ndleZi do stfedoceské oblasti, do tzv.
Barrandienu. Podle hornin, které se zde vyskytuji, se jedna
o barrandienské proterozikum nebo barrandienské spodni
paleozoikum.

HORIZONTAL AND VERTICAL ALIGNMENT OF THE ROUTE

The horizontal and vertical alignment of the Line I.D was desig-
ned on the basis of the Regulation No. 177/1995 Coll. of the
Ministry of Transport, issuing the Building and Technical Railway
Code, and CSN 73 6430 Geometrical arrangement of tracks of
underground — Permanent way and fixed installation of underg-
round.

In addition, it was necessary to respect the following several fun-
damental limiting factors:

— The location of Pankrdc and Nameésti Miru metro stations is

adapted for transiting to the metro Lines C and A

— Nadrazi Kr¢ metro station is located, as far as the vertical and
horizontal alignment is concerned, with respect to the water
body and water course (the Kunraticky Brook) which is located
directly under the metro station.

— The newly designed stations are located with respect to limiting
town planning relationships. At the same time, the locations
stress the functionality and economy.

When the route alignment was being designed, horizontal curves
with a radius R = 500 m were proposed, with the exception of one
horizontal curve near Pisnice station, where it was necessary to use
an R=450 m curve.

As far as the vertical alignment is concerned, radii of vertical cur-
ves with p > 2000 m are used. In a single case it was necessary to
use the radius p = 1500 m. The maximum longitudinal gradient on
the route is 39.5 %o. All stations are on a uniform longitudinal gra-
dient of 3 %o.

The entire route complies with requirements for the design speed
V=80 km/h. On switches, the design speed of travelling to branches
is limited to 40 km/h. The link to the depot is also designed for the
speed of 40 km/h.

The chainage of the proposed route starts from Depo Pisnice
station (beginning at km 18.461.578 LK measured on the left-hand
rail) and ends at Namésti Miru station (at km 29.521.174, measured
on the left-hand rail).

TERRAIN MORPHOLOGY

Another important factor, which influenced the vertical and
horizontal alignment of the Line 1.D, is the terrain morphology.
The operational section I.D starts before Depo Pisnice station and
leads in general in the NNW up to northern direction. At the
beginning of the line, between chainage about km 18.500 to
22.100, the terrain surface is only moderately undulated at the ele-
vation of about 293 — 310 m a.s.l. Further on, the terrain, more or
less slowly and fluently, descends to the Kunraticky Brook valley,
down to the elevation of about 210 m a.s.l. at Nadrazi KrC station,
located at chainage about km of 24.650. Then it steeply ascends to
the Pankrdc Plain plateau, which stretches in the section
between km 25.400 — km 26.800, where the terrain surface is at
the elevation of about 266 — 269 m a.s.1. From the intersection bet-
ween the metro route and the North-Eastern Thoroughfare the ter-
rain surface again descends, this time to the Boti¢ Brook valley in
the district of Nusle, to the lowest level on the route, namely to the
elevation about 197 m a.s.l. at chainage km 28.200, in the area of
Otakarova Street. From this point, the terrain again steeply
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Smérem od stanice Depo Pisnice prochdzi projektovand trasa
ve sméru stani¢eni horninovym prostfedim svrchniho protero-
zoika, které tvori zpevnéné az mirné diageneticky preménéné
bridlice, prachovité bridlice a droby. Mezi stanicemi Libus
a Nové Dvory prochazi trasa pdsmo Zavistského presmyku, po
kterém byly starSi horniny proterozoika nasunuty na mladsi
horniny ordovického stdfi. Tvori je jilovité bridlice, prachovité
bridlice, kfemence a piskovce. Misty jsou ve flySovém vyvoji
(stratigraficky rozsah Sdrecké souvrstvi — kosovské souvrstvi).
Trasa prochdzi{ pfiblizné napfi¢ jihovychodnim kfidlem barran-
dienské synklindly aZ do osy synklindly v prostoru Pankréce,
kde se vyskytuji nejmlad$i horniny silurského stafi. Jsou za-
stoupeny bridlicemi a necistymi vdpenci (souvrstvi litenské az
pridolské). Odtud trasa pokraduje severozdpadnim kiidlem
Barrandienu opét horninami ordovickymi, ale v opaéném vrs-
tevnim sledu az ke stanici Namesti Miru.

K pokryvnym dtvarum fadime relikty pleistocénnich teras
Vltavy a jejich pfitoku Boti¢e a Kunratického potoka, které se
bohaté vyskytuji hlavné v severni poloviné trasy. Podél Botice
a Kunratického potoka jsou vyvinuty pomérné mocné akumu-
lace holocénnich fluvidlnich sedimentd. Déle se v trase vysky-
tuje pokryv deluvidlnich, splachovych ¢i eolickych sedimentu,
nezanedbatelnd C4st trasy je pokryta antropogenni navdzkou.

Hladina podzemni vody je, kromé bezprostiedniho okoli
Kunratického potoka a Botice, zdvisld na atmosférickych srdz-
kdch. Podzemni voda tvori nejéastéji zvodné v puklinovém
prostredi zvétralych a navétralych hornin skalniho podkladu.

Vyraznéjsi zvodné v prulinovém prostredi se vyskytuji ve
fluvidlnich sedimentech Kunratického potoka, Boti¢e a Pan-
krické terasy. Uroveni hladiny podzemni vody v néplavech
obou potoku je zdvisld na drovni hladiny ve vodote¢i. V Pan-
kracké terase je zvoden dotovdna pouze atmosférickymi
srazkami.

RAZBA JEDNOKOLEJNYCH TRATOVYCH TUNELU
TECHNOLOGII EPBS

Pro trasu 1.D jsou navrZeny profily jednokolejnych tunelu stej-
né, jako jsou v soucasné dobé realizovdany na stavbé trasy V.A
(Dejvickd — Motol). Svétly prumér tunelu je 5,3 m, tlouStka

ascends toward the district of Vinohrady, where it reaches the hig-
hest elevation of about 257 m a.s.l., at about km 29.100, near
Francouzska Street. From this point, the terrain surface again
moderately descends to Vinohradska Street and, at the end of the
section behind Ndmésti Miru station, the terrain surface elevation
is about 243 m a.s.l.

GEOLOGICAL AND HYDROGEOLOGICAL CONDITIONS

The entire area of operations is part of the Central Bohemian
region, the so-called Barrandean Region. According to the rock
types existing in this area it is the so-called Barrandean Proterozoic
or Barrandean Lower Palaeozoic formation.

In the direction from Depo Pisnice station, i.e. in the direction of
the chainage, the proposed route passes through a ground environ-
ment formed by the Upper Proterozoic, consisting of compacted up
to moderately diagenetically converted shales, silty shales and gre-
ywacke. Between Libu§ and Nové Dvory stations, the route runs
across the Zavist Thrust Fault zone, on the top of which the older
Proterozoic rocks were thrust over the younger Ordovician rocks.
They comprise clayey shales, silty shales, quartzite and sandstone.
Locally they have a flysch background (the stratigraphical range:
the Séarka Formation — the Kosov Formation). The route passes app-
roximately laterally across the south-eastern wing of the
Barrandean Syncline, up to the syncline axis in the area of the
district of Pankrdc, where the youngest rock types of the Silurian
age are found. They are represented by shales and black limestone
(the Liteni and Piidoly Formations). From this place, the route pro-
ceeds across the north-western wing of the Barrandean Region, pas-
sing again through Ordovician rock types, but in an opposite sequ-
ence, up to Namésti Miru station.

Surface deposits comprise relics of Pleistocene terraces formed
by the Vltava River and their tributaries, the Boti¢ Brook and
Kunraticky Brook, which are abundantly present along the northern
half of the route. There are relatively very thick accumulations of
Holocene fluvial sediments along the Boti¢ Brook and Kunraticky
Brook. In addition, covers consisting of deluvial, deluviofluvial or
aeolian sediments ere found along the route. A nonnegligible part of
the route is covered with anthropogenic fill.

With the exception of the immediate surroundings of the
Kunraticky and Boti¢ Brooks, ground water forms most frequently
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Obr. 1 Typy tunelii — schéma
Fig. I Tunnel types chart




Tab. 1 Délky tunelovych tiseku (m)
Table 1 Lengths of tunnel sections (m)

Popis EPBS
Description Single-track

Jednokolejné tunely

EPBS-driven tunnels
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Jednokolejné tunely Dvoukolejné tunely
NRTM NRTM
Single-track Double-track
NATM-driven tunnels NATM-driven tunnels

Kaverna stanice
Station cavern

Stanice Pankrac / Pankrac station

200 130

Stanice Pankrac technologické tunely
Pankrac station — technological tunnels

120

Tratovy Usek Pankrac — Olbrachtova
Pankrac — Olbrachtova track section

625 500

Stanice Olbrachtova — dva staniéni tunely
Olbrachtova station — two station tunnels

2x110

Tratovy Usek Olbrachtova — Nadrazi Kré
Olbrachtova — Nadrazi Kr¢ track section

640 413

Tratovy Usek Nadrazi Kré — Nemocnice Kré 2 x 682

Nadrazi Kré — Nemocnice Kr¢ track section

85

Tratovy Usek Nemocnice Kr¢ — Nové Dvory 2x999

Nemocnice Kré — Nové Dvory track section

Stanice Nové Dvory / Nové Dvory station

315

CELKEM 1. etapa I.D / |.D stage 1 TOTAL 3362

1265 1198 785

Tratovy Usek Nové Dvory — Libu§ 2x729

Nové Dvory — Libu$ track section

Tratovy Usek Libu$ — Pisnice / Libu$ — Pisnice track sect. 2x970

CELKEM 2. etapa I.D / |.D stage 2 TOTAL 3398

Tratovy Usek Pankrac — Namésti Bratii Synki 2x1270

Pankrac — Namésti Bratfi Synku track section

Stanice Namésti Bratfi Synk( — podchod pod zé&stavbou
3-lodni stanice / Namésti Bratfi Synku station
— pedestrian subway under the triple-vault station

35

Tratovy Usek Namésti Bratii Synk( — Namésti Miru 2 x175

Némésti Bratfi Synkd — Namésti Miru track section

645

Stanice Namésti Miru / Namésti Miru station

290 267

CELKEM 3. etapa 1.D/1.D stage 3 TOTAL 2890

290 645 302

montovaného Zelezobetonového osténi je 0,25 m a profil hlavy
raziciho stroje je 6,06 m (obr. 2).

V 1. etapé trasy I.D budou touto technologii razeny tratové tune-
ly v tdseku od stanice Nddrazi Kr¢ (proti sméru stanieni) do stani-
ce Nové Dvory (v délce 1681 m) (obr. 1, tab. 1). Budou nasazeny
2 plné mechanizované zeminové razici $tity (EPBS). Montaz stro-
ju bude provedena v hloubené stavebni jamé za jiZznim okrajem
kolejisté Zelezni¢ni stanice Nadrazi Kr¢. Tato startovaci jama bude
s povrchovou stanici metra Nadrazi Kr¢, situovanou severné od
Zelezni¢n{ stanice (obr. 4), propojena kratkym dvoukolejnym trato-
vym tunelem. Md délku cca 85 m a podchézi pod kolejistém Zelez-
ni¢n{ stanice. Tento tunel, kde se bude postupné ménit osova vzda-
lenost koleji metra ze 3,7 m u stanice metra na 7 m v misté nasa-
zen{ razicich stroju, bude vyraZen technologii Nov4 rakousk4 tune-
lovaci metoda (NRTM) v predstihu. Pfi montdZi razicich stroju
bude vyuzit pro sestaveni celého komplexu umisténého za vlast-
nim razicim Stitem, ktery ma délku 8,2 m, ale cely razici stroj ma
délku cca 100 metri. Po dokondeni razby tratového tseku do sta-
nice Nemocnice Kr¢ v délce 682 m stroje vstoupi do hloubené sta-
vebni jamy této stanice, budou stavebni jamou protaZzeny a ddle
budou pokracovat razbou tratovych tunelt az do stanice Nové
Dvory. Délka tohoto tseku je 999 m. V kaverné této razené stani-
ce budou stroje demontovény.

V rdmci 2. etapy trasy I.D budou technologii EPBS raZeny tra-
tové tunely od stanice Pisnice (ve sméru stani¢eni trasy metra) do
stanice Nové Dvory v délce 1 699 m. MontdZ stroju bude provede-
na v hloubené stavebni jamé stanice Pisnice a z tohoto prostoru

aquifers in the fissured environment formed by weathered and
slightly weathered bedrock.

More profound aquifers in the interstitial environment are
encountered in fluvial sediments formed by the Kunraticky and
Boti¢ Brooks and the Pankrac Terrace. Water table level in deposits
along the two brooks depends on the level of the water surface in
the respective stream. As regards the Pankrac Terrace, the aquifer is
supplied with water only by precipitation.

DRIVING SIGLE-TRACK RUNNING TUNNELS USING EPBS
TECHNOLOGY

The profiles designed for single-track running tunnels for the
Line I. D are identical with the profiles of the currently under con-
struction tunnels on the Line V. A (Dejvicka station — Motol). The
net diameter of the tunnel is 5.3 m, the thickness of the reinforced
concrete segmental lining is 0.25 m and the diameter of the cutter-
head of the tunnelling machine is 6.06 m (see Fig. 2).

In the Ist stage of the I. D route construction, this technology will
be used for driving of running tunnels in the section from Nadraz{
Kr¢ station (against the direction of chainage) to Nové Dvory stati-
on (at the length of 1,681 m) (see Figures 1 and Tab. 1). Two fully
mechanised Earth Pressure Balance Shields (EPBS) will be set up.
The machines will be assembled in a construction pit behind the
southern end of the yard of Nadrazi Kr¢ station. This launching pit
will be interconnected with the Nadrazi Kr¢ at-grade metro station,
which is located north of the Kr¢ railway station, (see Fig. 4) by
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bude také razba tratovych tunelt obsluhovéna. Po dokonceni razby
tratového useku Pisnice — Libu§ (délka 970 m) vstoupi razici stro-
je do hloubené jamy této stanice, budou stavebni jamou délky
185 m protaZeny a budou pokracovat razbou tratovych tunelt ke
stanici Nové Dvory. Pfed touto stanici vstoupi stroje do predem
vybudovanych demontdZnich komor na konci bo¢nich odstavnych
tunel a Sachtou pro demontdZ budou vyzvednuty na terén.

Na zdkladé zkuSenosti z razby tunelt na trase V.A zvaZzujeme
v soucasné dobé i variantu nasazeni razicich stroju z prostoru
stanice Nemocnice Kr¢. Je tam mozZnost rozsifit zarizeni stave-
niSté, a tim ziskat kapacitni prostor pro technologické zazemi
razby EPBS a sklddku tybinkua. Tato varianta by byla obzvlast
zajimavd, pokud by bylo moZné sloucit razby jednokolejnych
tuneld technologii EPBS 1. a 2. etapy vystavby trasy I.D.
Zéroven by to umoZnovalo vystavbu boénich odstavnych tunelu
ve stanici Nové Dvory efektivnéj$i metodou, neZ je razba tech-
nologif NRTM, a nemusela by byt realizovdna demontdZzni Sach-
tou pro EPBS pred stanici Nové Dvory (podle stani¢en{). Rovnéz
by nebylo nutné budovat stavebn{ jdmu pro nasazeni stroju
u stanice Nadrazi Kr¢ (obr. 4) a kratky usek dvoukolejného tune-
lu pod kolejistém Zelezni¢ni stanice. Ten by byl nahrazen dvéma
jednokolejnymi tunely, razenymi EPBS. To je jak z hlediska
finan¢niho, tak i z hlediska ¢asového vhodnéjsi.

Pri vystavbe 3. etapy trasy I.D budou technologii EPBS raze-
ny tratové tunely od hloubené jamy v parku u ulice Perucké sme-
rem ke stanici Namést{ Bratii Synku (proti sméru staniéeni). Po
pruchodu pod Boti¢em (krdtky tsek délky 175 m) vstoupi stroje
do hloubené jamy této stanice. Rozestavénou stanici v délce
175 m budou protaZzeny a budou pokratovat smérem ke stanici
Pankrédc v délce 1 270 m. Po prichodu pod severojizni magistra-
lou vstoupi do demontdZni komory vybudované v predstihu
v rdmci 1. etapy trasy I.D. Zde budou demontoviny a vytaZeny
po dilech pfistupovym tunelem u stanice Pankrdc na terén.

RAZBA TUNELU TECHNOLOGII NRTM

Technologii NRTM budou pochopitelné realizovany vSechny
4 razené stanice. V ramci 1. etapy jsou to stanice Nové Dvory,
Olbrachtova a Pankrdc. Soucdsti 3. etapy to bude stanice
Néamésti Miru (podrobné€ji o téchto stanicich viz samostatny
¢lanek v tomto Casopisu). Technologie NRTM bude na stavbé
trasy I.D pouZita i pfi vystavbé raZenych tratovych tunelu
a dalsich podzemnich objektu (technologické prostory, prestup-
ni chodby, eskaldtorové tunely, vytahové a vétraci Sachty
a pod.) Zejména v 1. etapé vystavby trasy I.D budou, v dseku
od kfizovatky ulic Branické a Na Strzi az ke kfiZeni trasy
s magistrdlou na Pankrdci, vSechny razené tratové tunely reali-
zovany technologii NRTM (obr. 1, tab. 1). Stfidaji se zde jed-
nokolejné tunely s jednotnym pi{¢nym profilem plochy 28,3 m?
s dvoukolejnymi tunely, jejichZz velikost je proménliva.
Samoziejmé je v nejvétsim rozsahu pouzit standardni profil
dvoukolejného tunelu pro osovou vzddlenost koleji 3,7 m
s plochou vyrubu 62,7 m2 (obr. 3). V mistech napojeni dvou-
kolejnych tuneli na tunely jednokolejné je nutné postupné
zvétSovat velikost tunelu aZ na profil s osovou vzddlenosti
koleji 7 m s plochou vyrubu 106.4 m?.

Cely rozsdhly komplex razenych objektd v prostoru pod
pankrickou pldnf se stanicemi Pankrdc a Olbrachtova bude rea-
lizovdn ze dvou portdla, umisténych v polohdch s minimédlnim
negativnim vlivem na Zzivotn{ prostfedi. Zaroven jejich vysko-
véd droven umoznuje nasazeni vykonné kolové dulni techniky
s vyloucenim vertikdlni dopravy. Jeden portdl bude umistén na
Pankraci v terénni depresi v blizkosti ulice Na kfiviné, kterd
usti do ohbi ulice Ohradni. Je to portdl pristupového tunelu
délky cca 450 m. Bude z n€ho realizovdna stanice Pankrac
véetné navazujicich tratovych a odstavnych tunelu a ve 3. etapé
stavby trasy I.D bude vyuzit pro vytaZzeni razicich stroju
z podzemni demontaZzni komory na styku 1. a 3. etapy (nad
komorou je nové vybudovand mostni rampa a neni mozné

TEORETICKY VYRUB 28,3 m’
THEORETICAL CROSS-SECTIONAL AREA OF 28.3 m
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Obr. 2 PFi¢ny Fez jednokolejnym tunelem EPBS
Fig. 2 Cross-section through an EPBS-driven single-track tunnel

a short double-track running tunnel. This about 85 m long tunnel
passes under the railway station yard. In this tunnel, the distance
between track centres will gradually increase from 3.7 m at the
metro station to 7 m in the location where the tunnelling machines
will be launched. It will be driven in advance, using the New
Austrian Tunnelling Method (the NATM). The tunnel will be used
during the assembly of the tunnelling machines for assembling the
entire complex located behind the driving shield, the length of
which is 8.2 m, whilst the entire tunnelling machine is about 100 m
long. After the excavation of the 682 m long running tunnels secti-
on ending at Nemocnice Kr¢ station, the machines will enter the
construction pit excavated for this station. The machines will be
pulled through this pit to proceed with driving running tunnels up
to Nové Dvory station. The length of this section will amount to
999 m. The machines will be dismantled in the cavern of this mined
station.

Within the framework of the 2nd stage of the Line 1. D construc-
tion, the EPBS technology will be applied to driving the running
tunnels from Pisnice station (moving in the direction of the metro
chainage) to Nové Dvory station, at the length of 1,699 m. The
machines will be assembled in a construction trench excavated for
Pisnice station; services for the running tunnels tunnelling operati-
ons will also be provided from this area. When driving of the run-
ning tunnels in the 970 m long Pisnice — Libus§ section is finished,
the tunnelling machines will enter the construction trench excava-
ted for this station. They will be pulled through this 185 m long
trench to continue to drive running tunnels toward Nové Dvory sta-
tion. Before this station, the machines will enter dismantling cham-
bers at the end of stabling tunnels, which will be constructed on the
sides of running tunnels in advance. Then they will be lifted up
through a shaft to the terrain surface.

Based on the experience from driving tunnels on the Line V.A,
we are currently considering a variant that the tunnelling machines
would be launched from the space of Nemocnice Kr¢ station. There
is a possibility of expanding the construction site there, thus to obta-
in a large-capacity space for the technological background for the
EPBS tunnelling and a stocking facility for lining segments. This
variant would be especially interesting if it is possible to join the 15t
and 2nd stages of the EPBS driving of single-track running tunnels
on the Line I. D. At the same time, this solution would make the
construction of the lateral stabling tunnels at Nové Dvory station
possible using a method more effective than the NATM; the opera-
tion would not have to be carried out via the EPBS assembly shaft
before Nové Dvory station (viewed in the direction of chainage). In
addition, it would not be necessary to establish the construction
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0SOVA VZDALENOST KOLEJi 3,70 M
DISTANCE BETWEEN TRACK CENTRES 3.70 M
TEORETICKY VYRUB 62,7 m?
THEORETICAL CROSS-SECTIONAL AREA OF 62.7 m*
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Obr. 3 PFi¢ny fez dvoukolejnym tunelem NRTM
Fig. 3 Cross-section through a NATM-driven double-track tunnel

vybudovat demontédzni Sachtu). Druhy razeny portél je umistén
v kréském tddoli u ulice Branické pfimo v trase dvoukolejného
tratového tunelu na styku razené a hloubené Casti tratového
useku Nddrazi Kr¢ — Olbrachtova. Odtud bude realizovdn raze-
ny dvoukolejny tratovy tunel, navazujici jednokolejné tunely
smérem ke stanici Olbrachtova a &dst razenych objektu této sta-
nice. BohuzZel kratky dsek s povrchovou stanici Nddrazi Kré
brani v tomto prostoru efektivnimu nasazen{ razicich stroju pro
razbu jednokolejnych tratovych tuneli az do mista rozpletu
v tratovém udseku Olbrachtova — Pankrac.

Pro posileni pristupu pro vystavbu stanice Olbrachtova bude
vybudovdna na styku ndstupis$té a severniho eskaldtorového
tunelu t€Zni Sachta. Bude vyuZivdna pro pristup do stanice pri
razbé stani¢nich tuneld, ale rovnéz v obdobi realizace defini-
tivnich osténi raZzenych objektu, vnitinich konstrukci a pri
montdzi technologie. V definitivnim stavu bude spodni Cdst

Obr. 4 ZS NddraZi Kré¢
Fig. 4 NddraZi Kr¢ site facility
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trench for launching of the machines at Néadrazi Kr¢ station (see
Fig. 4) and to carry out the short double-track tunnel section under
the railway station yard. It would be replaced by the EPBS driven
tunnels. This solution is more suitable in terms of both the financi-
al and time-related points of view.

During the 31d stage of the construction of the Line I. D, the
EPBS technology will be applied to the excavation of running tun-
nels from the construction trench excavated in a park near Peruckd
Street toward Ndmésti Brati{ Synka Square (against the direction of
chainage). After passing under the Boti¢ Brook (a short, 158 m long
section), the machines will enter the construction trench excavated
for this station. They will be pulled through the 175 m long station,
which will be under construction at that time, and will proceed
towards Pankrdc station at the length of 1,270 m. After passing
under the North-Eastern Thoroughfare, they will enter a dis-
mantling chamber, which will be constructed in advance during the
1st stage of the Line I. D construction. They will be dismantled in
the shaft and pulled in parts through an access tunnel at Pankric sta-
tion to the terrain surface.

DRIVING TUNNELS USING THE NATM

Naturally, the NATM will be applied to all mined stations. The
Ist stage comprises the following mined stations: Nové Dvory,
Olbrachtova and Pankrdc. Part of the 3'd stage will be Namésti
Miru station (more details on this station are presented in a separate
paper contained in this journal issue). The NATM technique will be
used for the Line I.D construction even during the construction of
mined running tunnels and other underground structures (equip-
ment rooms, interchange galleries, escalator tunnels, lift shafts,
ventilation shafts etc.). It will be first of all during the 1st stage of
the Line [.D construction that all mined running tunnels between
the intersection between Branickd and Na Strzi Streets and the
intersection between the metro route and the Thoroughfare in
Pankrdc will be driven using the NATM (see Figures 1 and Table 1).
There are single-track tunnels with a uniform 28.3 m? cross-section
there, alternating with double-track tunnels the sizes of which are
variable. Of course, the standard double-track tunnel cross-section
for the track centre distance of 3.7 m and excavated cross-sectional
area of 62.7 m? (see Fig. 3) is used to the largest extent. In the loca-
tions where the double-track tunnels are connected to single-track
tunnels, the tunnel dimensions must be gradually enlarged to reach
the cross-section with the track centre distance of 7 m, with the
excavated cross-sectional area of 106.4 m?.

The entire complex of mined tunnels under the Pankrdc Plain,
including Pankrdc and Olbrachtova stations), will be driven from
two portals, which will be located in areas with a minimum negati-
ve impact on the living environment. At the same time, their level
under the surface makes the application of high-performance whe-
eled mining equipment possible without the need for vertical tran-
sport. One portal will be located in Pankrac, in a terrain depression
near Na Kroviné Street, which is connected to a bend in Ohradni
Street. This is the portal of the about 450 m long access tunnel. It
will serve to the construction of Pankrac station including the adja-
cent running tunnels and stabling tunnels and, in the 3rd stage of the
Line I.D construction, it will be used for pulling of the tunnelling
machines from the underground dismantling chamber provided at
the interface between the 15t stage and 31d stage of the Line 1.D con-
struction (a newly built bridge ramp is found above the chamber,
therefore it is impossible to establish a dismantling shaft there). The
other mined tunnel portal is located in the Kr¢ valley near Branickd
Street, directly on the route of the double-track tunnel, at the con-
tact between the mined and cut-and-cover sections of the tunnel
section between Nddrazi Kr¢ and Olbrachtova stations. This is the
place from which the mined double-track tunnel, the linking single-
track tunnels toward Olbrachtova station and a part of mined struc-
tures of this station will be driven. Unfortunately, a short section
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Obr. 5 ZS Peruckd
Fig. 5 Peruckad site facility
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Sachty upravena do profilu eskaldtorového tunelu a hornf ¢dst
bude zaplnéna popilkobetonem.

Velky rozsah razeb technologii NRTM bude i na stavbé sta-
nice Nové Dvory. Kromé vlastni stani¢ni kaverny a navazu-
jicich komor pro budouci vétveni trasy smérem do Modran
budou razeny i vSechny 3 obratové jednokolejné tunely.
Razba stanice bude provadéna z pristupového tunelu, situova-
ného vychodnim smérem od trasy metra. Pfed stanici se hlav-
ni pristupovy tunel vétvi na 2 ésti zadsténé obloukem do
odbo¢nych komor. Z nich bude provadéna razba stani¢niho
tunelu a ndsledné v protisméru i razba odstavnych tunelu.

V 2. etapé vystavby trasy I.D budou technologii NRTM rea-
lizovdny pouze tratové propojky mezi jednokolejnymi tunely,
razenymi EPBS. Naopak prfi realizaci 3. etapy bude objem
razeb technologii NRTM velky. Klicovym mistem je hloubend
stavebni jama délky cca 50 m, v tratovém tseku Nameésti Bratri
Synka — Namésti Miru. Je umisténa na okraji Havli¢ckovych
sadu v tésné blizkosti ulice Perucké (obr. 5). Na severni strané
této jamy je portdl razeného dvoukolejného tunelu, ktery bude
razen smérem ke stanici Namésti Miru v celkové délce 645 m.
V prevazném rozsahu (520 m) bude mit standardni profil
s osovou vzddlenosti koleji 3,7 m. Pfed zadsténim do stanice se
bude postupné rozsifovat az na kone¢ny profil s osovou vzda-
lenosti 14 m, tj. profil jednolodni stanice. V kavern€ stani¢niho
tunelu s celkovou délkou 267 m je kromé vlastniho nédstupisté
umisténa technologicka ¢ast stanice a kolejové kiiZeni pred sta-
nici. Na severni strané stanice navazuji 2 jednokolejné odstav-
né tunely. Z hlediska raZeb bude technicky ndro¢né realizovat
prunik profilu jiZzntho eskaldtorového tunelu (vystup smér ulice
Francouzskd) do klenby stani¢niho tunelu. Bude nutno v délce
cca 18 m ve sklonu 30 stupnit postupné zvySovat klenbu sta-
ni¢niho tunelu, aby bylo mozno do cela zvySeného profilu
zaustit eskaldtorovy tunel.
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containing the Nadrazi Kr¢ at-grade station is the obstacle preven-
ting effective tunnelling machines from being used for driving the
single-track running tunnels up to the bifurcation chambers in the
Olbrachtova — Pankrac section.

A hoisting shaft will be constructed at the contact between the
platform and the northern escalator tunnel of the Olbrachtova stati-
on with the aim of improving the capacity of the access for the con-
struction of Olbrachtova station. It will be used for the access to the
station during the excavation of station tunnels as well as during the
period of the construction of the final lining of mined structures,
installation of internal structures and assembly of equipment. In the
definite condition, the bottom part of the shaft will be adapted to the
profile of the escalator tunnel and the upper part will be filled with
cinder concrete.

A large scope of the NATM excavation will be required even for
the construction of Nové Dvory station. Apart from the station
cavern itself and adjacent chambers for the future branching of the
route in the direction of Modrany, the NATM will be used for all of
the three single-track turn-back tunnels. The station excavation will
be carried out from the access tunnel, which is situated in the eas-
tern direction from the metro route. Before the station, the main
access tunnel bifurcates into two branches linking along curves to
branching chambers. The station tunnel will be excavated from
these chambers as well as the stabling tunnels, which will be driven
in the opposite direction.

In the 2nd stage of the construction of the Line 1.D, the NATM
will be used only for the excavation of crossover tunnels connecting
the running tunnels driven by the EPBS. On the contrary, during the
implementation of the 3rd stage, the volume of the NATM excava-
tion will be large. The key point is the about 50 m long constructi-
on pit excavated on the track section between Namésti Bratii Synku
and Namésti Miru. It is located at the edge of Havlickovy Sady
park, in the close vicinity of Perucka Street (see Fig. 5). On the
northern side of this pit, there is the portal of the 645 m long mined
double-track tunnel, which will be driven in the direction of
Namésti Miru station. A prevailing part of this tunnel (520 m) will
have the standard cross-section with the distance between track
centres of 3.7 m. Before its mouth at the station, its width will be
gradually enlarged up to the final cross-section with the distance
between track sections of 14 m, which is required for a single-vault
station. The station tunnel cavern with the total length of 267 m will
contain, apart from the platform itself, service rooms and a crossing
of tracks before the station. On the northern side, 2 single-track
stabling tunnels link to the station. Difficult from the tunnelling
point of view will be the penetration of the southern escalator tun-
nel (the exit to Francouzska Street) into the vault of the station tun-
nel. It will be necessary to gradually increase the height of the sta-
tion tunnel vault along the length of about 18 m, at the gradient of
30 degrees, so that the escalator tunnel can be connected to the end
of the enlarged profile.
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40 LET PROJEKTU PODZEMNICH DOPRAVNICH STAVEB
AKCIOVE SPOLECNOSTI METROPROJEKT PRAHA

40 YEARS OF DESINING FOR UNDERGROUND
TRANSPORT-RELATED CONSTRUCTION PROJECTS

BY METROPROJEKT PRAHA, JOINT-STOCK COMPANY

Obr. 1 Stanice praZského metra Hlavni nddraZi, stavebné nejstarsi stanice, 1974

Fig. 1 Hlavni NddraZi station of Prague metro — the oldest station construc-
ted in Prague, 1974

Obr. 3 Trojlodni stanice metra Kolbenova, 1990
Fig. 3 Kolbenova three-vault metro station, 1990

Obr. 5 Jednolodni stanice metra Kobylisy, primdrni osténi, 2002
Fig. 5 Kobylisy single-vault metro station, primary lining, 2002

- R
Obr. 2 Stanice Namésti Miru, nejhloubéji uloZend stanice, 1978
Fig. 2 Nameésti Miru station, the deepest station, 1978

Obr. 4 Segment naplavovaného tunelu metra v suchém doku na biehu reky
Vitavy, 2001

Fig. 4 A segment of the metro immersed tunnel in a casting basin on the
Vltava River bank, 2001

Obr. 6 Tramvajovd trat’ Hlubodepy-Barrandov, tunelovy pruchod sidlistem, 2002
Fig. 6 Hlubocepy-Barrandov tramway line, tunnelled passage under a resi-
dential area, 2002
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Obr. 7 Ddlnice D8, tunely Panenskd, 2004
Fig. 7 D8 motorway, the Panenskd tunnels, 2004

Obr. 9 Razba tunelu metra pod ulici Stoupajici v Praze 9, 2006
Fig. 9 Driving a metro tunnel under Stoupajici Street, Prague 9, 2006

Obr. 11 Stanice metra Prosek ziskala cenu architektit v roce 2008
Fig. 11 Prosek metro station, awarded by a prize by architects in 2008

Obr. 8 Jednolodni stanice metra Kobylisy, 2004
Fig. 8 Kobylisy single-vault metro station, 2004

i Ry i

Obr. 10 Evropsky Zelezni¢ni koridor I, tunel Hnévkov, 2006
Fig. 10 European railway corridor I, the Hnévkov tunnel, 2006

Fig. 12 Assembly of an Earth Pressure Balance Shield in a construction pit
on Vypich site, 2011
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RAZENE TUNELY OLBRAMOVICKY A TOMICKY 1.
NA TRATI VOTICE - BENESOV U PRAHY
OLBRAMOVICE AND TOMICE | MINED TUNNELS
ON THE VOTICE - BENESOV U PRAHY RAIL TRACK

LIBOR MARIK

Soucdsti modernizace trati Votice — BeneSov u Prahy je cel-
kem 5 tuneli. Kromé hloubeného tunelu Voticky projektuje
firma IKP Consulting Engineers i realiza¢ni dokumentaci tune-
I Olbramovicky a Tomicky I. Oba tunely se z hlediska tech-
nologie provadéni déli na dseky hloubené a tdseky razené
pomoci NRTM. Prispévek informuje o zkuSenostech
z vystavby, porovnava prognézu a skutecnost z hlediska geo-
technickych podminek a nasazeni technologickych tfid vyrubu,
dimenzovdni definitivniho osténi a obecné vyznamu geomoni-
toringu na optimalizaci technického feSeni prfi vystavbé. Oba
tunely jsou raZeny s nizkym nadloZim v tektonicky silné poru-
Seném masivu. Pfesto umoznily vysledky geomonitoringu
u Olbramovického tunelu pouZit na C¢dsti razeného useku
nevyztuzené definitivni osténi.

1. OLBRAMOVICKY TUNEL - ZAKLADNI INFORMACE

Olbramovicky tunel lezi na trati mezi tunely Zahradnickym
a Votickym, pric¢emz od Votického tunelu jej déli pouze zarez
traté délky cca 100 m. Celkové délka hloubenych tuneld dosa-
huje 120 m, raZeny udsek tunelu mé délku 360 m. Razba probi-
hd Novou rakouskou tunelovaci metodou a pro raZeny usek
délky pouhych 360 m je navrzeno celkem 5 technologickych
tfid vyrubu oznacovanych fimskymi ¢islicemi II. az VI. Do nej-
lepSich geotechnickych podminek je uréena tiida vyrubu II., do
nejhorsich pak tfida vyrubu VI. se spodni klenbou. Pro tak krat-
ky dsek nadstandardni pocet technologickych tiid vyrubu ma
za el moZnost optimdlniho nasazeni prvku zajisténi stability
vyrubu (tloustka stiikaného betonu primdrniho osténi, pocet
vyztuznych siti, délka, typ a pocet kotev, pocet jehel, délka
zabéru apod.) podle skuteéné zastizenych geotechnickych pod-
minek. Zvl4stni technické kvalitativni podminky a zpusob oce-
néni jednotlivych prvka navic umoZiuji upravovat tyto prvky
i v rdmci technologické tridy vyrubu, takze investor i zhotovitel
maji moZnost nasadit jen takovy zpusob zaji§téni, ktery odpo-
vidd potfebdm pro dosaZeni bezpedného postupu razby
a zdroven ekonomicky nutnému minimu investi¢nich nakladu
s ohledem na chovédni horninového masivu pfi razb€. Tunel
o podélném sklonu 10,5 %o lezi ve smérovém oblouku
o poloméru 1 200 m a je navrzen pro rychlost 160 km/h. Tvar
pri¢ného fezu tunelu odpovidd vzorovému listu dvoukolejného
tunelu s tim, Ze pro prevy$eni 122 mm bylo nutné odsunout osu
tunelu od osy koleji o 200 mm.

2. GEOTECHNICKE POMERY OLBRAMOVICKEHO
TUNELU - PROGNOZA A SKUTECNOST

2.1 Hloubené tseky tunelu

Geotechnické poméry se podél trasy tunelu méni, a to jednak
s ohledem na vySku nadloZi, jednak s ohledem na kvalitu hor-
ninového masivu. Vyska nadloZi nepfesahuje 27 m. Z hlediska
kvality horninového masivu byla v oblasti vjezdového portdlu
oekdvédna hlubokd zvétrald zéna rul, kterd byla pruzkumem
avizovana az do oblasti po¢vy tunelu. Z toho davodu byl cely
hloubeny tsek navrzen se spodni klenbou a i prvni étyfi bloky

A total of 5 tunnels is part of the modernisation of the Votice
— BeneSov u Prahy railway track. In addition to the Votice cut-
and-cover tunnel, IKP Consulting Engineers, s. r. 0. carries out
the detailed design for the Olbramovice and Tomice I tunnels.
Both tunnels are divided from the technological point of view
into cut-and-cover sections with sections mined using the
NATM. This paper informs about experience from the con-
struction work, compares the prediction with the reality in
terms of geotechnical conditions and determination of excava-
tion support classes, designing of the final lining and the
importance of geotechnical monitoring for the optimisation of
the technical solution during the construction in general. Both
tunnels are driven through a tectonically heavily disturbed mas-
sif, under a shallow cover. Despite this fact, owing to the
Olbramovice tunnel geomonitoring results, it was possible to
design an non-reinforced final lining for a part of the mined
section.

1. THE OLBRAMOVICE TUNNEL - BASIC INFORMATION

The Olbramovice tunnel is located on the rail track between
the Zahradnice tunnel and Votice tunnel, with a mere 100 m
long open cut section separating it from the Votice tunnel. The
total length of the cut-and-cover sections amounts to 120 m,
whilst the mined tunnel section is 360 m long. The excavation
proceeded using the New Austrian Tunnelling Method, the
NATM. A total of 5 excavation support classes, denoted by
Roman numerals II through VI, were determined for the mined
section. Excavation support class II was designed for the best
geotechnical conditions, whilst class VI employing an invert
was for the worst conditions. The purpose of the above-stan-
dard number of excavation support classes designed for such
a short section was to allow optimal application of elements
ensuring the stability of the excavation (the thickness of the
shotcrete primary lining, the number of welded mesh layers,
the length, type and number of anchors, the number of dowels,
the length of excavation rounds etc.) with respect to the geo-
technical conditions encountered. In addition, Special
Technical Specifications and the method of estimating indivi-
dual elements made it possible to adjust these elements even
within the framework of a particular excavation support class.
Therefore, both the project owner and the contractor could
apply only such the excavation support which was adequate to
the needs of reaching safe progressing of the excavation and, at
the same time, to the minimum of investment costs economi-
cally necessary with respect to the behaviour of the excavated
opening during the course of the excavation. The tunnel longi-
tudinal gradient is 10.5 %o. It lies on a horizontal curve with the
radius of 1200 m; the design speed is 160 km/h. The tunnel
cross-section geometry corresponds to the standard sheet for
a double-track tunnel, with the tunnel centre line set off from
the centre line of rails by 200 mm because of the superelevati-
on of 122 mm.
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Obr. 1 Pricny rez tunelu se spodni klenbou
Fig. I Cross-section through the tunnel with an inverted arch

betondze razeného tunelu byly navrzeny v technologické tfidé
vyrubu VI. se spodni klenbou (obr. 1). V dal$ich dsecich tune-
lu jiz umoznovaly geotechnické podminky pouZit osténi uloze-
né na patkdch (obr. 2). V oblasti vyjezdového portdlu méla
zvétrald zona zasahovat do kaloty tunelu a kromé rul byla
pfimo na rozhrani hloubené a razené Cdsti tunelu oekdvdna
poloha granitu. Stfiddni poloh granitu, biotitickych rul
a grafitickych bfidlic o rGzném stupni zvétran{ i tektonického
poruseni bylo charakteristické pro celou razbu tunelu. Stavbu
zahdjilo 1. 11. 2009 hloubeni stavebni jamy vyjezdového por-
talu. Svahy stavebni jamy zajiStuji pouze tycové kotvy délky
4 m a 6 m provadéné do cementové zélivky. Pohled do staveb-
ni jamy vyjezdového portdlu, kde je pfipraven vuz pro osazo-
véani hydroizolaéni félie a za nim bednici vuz, ukazuje obr. 3.
Zemni prace probihaly bez problému a po zajisténi navrZeném
v projektové dokumentaci byly svahy jamy stabilni, i kdyz
z6na zvétrani zasahovala do vétSi hloubky a poloha granitu
nebyla pfi hloubeni, ani po zahdjenf{ razby zastiZzena. V dolnich
partiich stavebni jdmy a na portdlovém svahu je proveden
kromé kotveni i stabiliza¢ni nastrik stfikaného betonu se sit{
KARI. Souddsti stavebni jamy je i zdrodek kaloty. Jednd se
o konstrukci provedenou z vyztuznych rdma, siti a stifkaného
betonu, kterd je pevné zaloZena na Zelezobetonovych patkach.
Tvarové odpovidd primarnimu osténi v navazujicim raZeném
useku. Jeji tlohou je stabilizovat portdlovy svah a chranit osad-
ku pred pripadnym padem predmétd z portidlového svahu do
jamy. Ddle tvori rubové bednéni bloku betondZe, ktery z razené
¢asti tunelu ¢dsteéné zasahuje do stavebni jamy. V neposledni
fadé tvori podporu destniku z jehel z betonarské oceli @32 mm
délky 6 m, které zajiStuji pristropi tunelu pri zahdjeni razby.
Slavnostni okamzik zahdjeni razby tunelu pod zarodkem kalo-
ty ukazuje obr. 4.

2.2 Razené useky tunelu

Firma IKP Consulting Engineers neni priznivcem zahdjeni
razby pod mikropilotovym deStnikem, nebot’ tuto technologii
povaZzuje za prili§ finan¢né i ¢asové narofnou. Vysledny efekt
zpravidla neodpovidd z hlediska provadéni ofekdvanému pfi-
nosu. Nepfesné vrtani mikropilot na del§i vzdilenosti vede bud
k nadvyrubum, nebo ke komplikacim pfi odfezdvéani mikropi-
lot, pokud zasahuji do profilu tunelu. Pfi délce zdbéru pri zahd-
jeni razby do 1 m zpravidla dostate¢né stabilizuji obvod vyru-
bu ocelové jehly. Stabilitu celby je pak mozné zajistit celbo-
vym klinem a pripadné lokdlnim kotvenim pomoci celozdvito-
vych ty¢i osazovanych do cementové zdlivky.

Obr. 2 PFi¢ny ez tunelu na patkdch
Fig. 2 Cross-section through the tunnel on footings

2. THE OLBRAMOVICE TUNNEL GEOTECHNICAL
CONDITIONS — PROGNOSIS AND REALITY

2.1 Cut-and-cover tunnel sections

Geotechnical conditions of the Olbramovice tunnel vary
along the tunnel route in terms of the height of the overbur-
den and the ground mass quality. The height of the overbur-
den does not exceed 27 m. As far as the quality of the ground
mass is concerned, a thick weathered gneiss zone was expec-
ted in the area of the entrance portal. Its depth was predicted
by the geological survey to reach the tunnel bottom. This was
why an invert was designed for the entire cut-and-cover tun-
nel section and excavation support class IV with an invert
(see Fig. 1) was proposed for the initial 4 casting blocks of
the mined tunnel. Geotechnical conditions existing in the
other tunnel sections allowed the lining to be supported by
footings (see Fig. 2). In the exit portal area, the weathered
zone was expected to reach the tunnel top heading level.
A granite layer was expected to be encountered directly at the
interface between the cut-and-cover and mined parts of the
tunnel, in addition to the gneiss. Alternating layers of grani-
te, biotitic gneiss and graphitic shales in various degrees of
weathering was characteristic for the whole tunnel excavati-
on. The construction started on 1st November 2009 by exca-
vating the construction pit for the exit portal. Slopes of the
construction pit wee stabilised only by 4 m to 6 m long rod
anchors, which were pushed into cementitious grout. A view
down the construction pit at the exit portal, where a travelling
scaffold is prepared for installing the waterproofing membra-
ne and the travelling formwork is behind it, is shown in Fig.
3. Earthmoving operations proceeded without problems and,
after the installation of the support required by the design,
slopes of the pit were stable, despite the fact that the weathe-
ring zone extended to a greater depth and the granite layer
was not encountered either during the pit excavation or after
the commencement of the tunnel excavation. A stabilisation
layer of shotcrete with KARI mesh was added to the ancho-
ring system in the lower parts of the construction pit and on
the portal slope. Part of the construction pit was a starting top
heading stub. It was a structure consisting of lattice girders,
mesh and shotcrete, which was firmly founded on reinforced
concrete footings. Its cross-section corresponded to the lining
in the subsequent mined section. Its task was to stabilise the
portal slope and provide protection against contingent falling
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Obr. 3 Svahovand stavebni jama vyjezdového portdlu
Fig. 3 Sloped construction pit for the exit portal

Razba tunelu byla zahdjena 10. 12. 2009 od vyjezdového
portédlu ve tfidé vyrubu V., kterd odpovidala projektem defino-
vanym predpokladim. Vyrub stabilizovalo systémové kotveni
z kotev SN v poétu 7/8 ks (Sachovnicové) délky 4 m. Primarni
ostén{ tloustky 250 mm vyztuzovaly prihradové ramy a ocelové
sit¢ KARI Q188 pii obou povrsich osténi. Stabilitu pristropi
zajistovaly ocelové jehly. Razbu provdzela méfeni geotechnic-
kého monitoringu, ktery na stavbé zajiStuje firma Arcadis. Ta
provddi i geotechnicky dozor investora a zatfidovani hornino-
vého masivu do technologickych tfid vyrubu. I kdyz byl horni-
novy masiv tektonicky porusSen a razba probihala pouze stroj-
nim rozpojovanim bez pouziti trhacich praci, celkova stabilita
vyrubu byla dobrd. Pfi plose vyrubu kaloty 60 m? se deforma-
ce vyrubu pohybovaly do 10 mm, vyjimeéné dosdhly 15 mm.
Projektem stanovend hodnota varovného stavu 50 mm pro tfidu
vyrubu V. nebyla pfi razbé nikdy dosazena, stejné jako varov-
né stavy definované pro ostatni tfidy vyrubu. Graf na obr. 5
zndzorfiiuje modrou kiivkou prabéh maximélnich ustdlenych
deformaci primarniho osténi po délce tunelu a ¢ervenou Carou
ocekavané deformace podle projektu. Po cca 15 m od vyjezdo-
vého portdlu méla podle projektu prejit technologickd tfida
vyrubu V. ve tfidu vyrubu I'V. Tim mélo dojit ke sniZeni tloust-
ky primarniho osténi na 200 mm, zmensSeni pocétu Kotev
a prodlouZeni délky zdbéru na 1,5 m. Zastupci geotechnického
dozoru vSak vyhodnotili podminky pro zménu tfidy vyrubu
jako nepfiznivé a razba pokracovala v tfidé vyrubu V. celkem
85 m od vyjezdového portdlu. To uz se celba nachdzela
v mistech, kde méla razba podle projektu probihat ve tridé
vyrubu II. s tlouStkou osténi pouze 150 mm, lehkymi vyztuz-
nymi rdmy, pouze jednou sitf Q188 a jen 3 ks hydraulicky

el

Obr. 4 Zahdjeni razby pod zdrodkem kaloty
Fig. 4 Commencement of excavation under the top heading stub
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of objects from the portal slope to the pit. In addition, this
structure formed the outer formwork for the tunnel casting
block, which partially extended from the mined part into the
construction pit. At last but not least, it provided support for
a protective umbrella consisting of 6 m long concrete rein-
forcement bars ¥32 mm, which supported the tunnel top hea-
ding when the tunnel excavation was starting. The ceremoni-
al commencement of the tunnel excavation under the top hea-
ding stub structure is shown in Fig. 4.

2.2 Mined sections

IKP Consulting Engineers, s. r. 0. is not a fan of commen-
cing excavation under canopy tube pre-support because it
considers this technology to be excessively demanding in
terms of costs and time. The resultant effect is usually inade-
quate in terms of the work execution compared with the
expected benefit. Inaccurate drilling for the tubes to longer
distances leads either to overbreaks or to complications when
the tubes have to be cut off when they extend into the tunnel
cross-section. Steel dowels usually sufficiently stabilise the
circumference of the excavated opening if the excavation
round length does not exceed 1 m. The stability of the face
can be ensured by a rock wedge or local anchoring using all-
thread bars inserted in cement grout.

The tunnel excavation commenced on 10th December
20009. It started from the exit portal. The excavation support
class V, which was determined for the work, corresponded to
the design assumptions. The excavation was stabilised by an
anchoring system consisting of 7/8 pieces of 4 m long SN
anchors installed in a staggered pattern. The 250 mm thick
primary lining was reinforced with lattice girders and KARI
Q188 welded mesh at both surfaces of the lining. The stabili-
ty of the top heading was provided by steel dowels.
Geotechnical monitoring measurements were carried out
during the excavation by Arcadis. This firm in addition per-
formed geotechnical supervision for the project owner and
the categorisation of the rock mass in terms of the excavati-
on support classes. Despite the fact that the rock massif was
tectonically disturbed and the tunnel was driven with the rock
disintegration performed solely mechanically, without blas-
ting, the overall stability of the excavation was good. At the
excavated cross-sectional area of the top heading deformati-
ons did not exceed 10 mm, exceeding 15 mm only exceptio-
nally. The alert level of 50 mm which was set for excavation
support class V by the design was never reached during the
tunnel excavation. The same applies to the alert levels defi-
ned for the other excavation support classes. The blue curve
in the chart in Fig. 5 illustrates the course of maximum stabi-
lised deformations of the primary lining along the tunnel
route, whilst the red curve represents deformations anticipa-
ted in the design. After driving about 15 m from the exit por-
tal, the design expected that excavation support class
V would change to class IV. As a result, the thickness of the
primary lining was expected to be reduced to 200 mm, the
number of anchors to be reduced and the length of the exca-
vation round to increase to 1.5 m. Nevertheless, representati-
ves of the geotechnical monitoring assessed the conditions
for switching the excavation support class as unfavourable
and the excavation support class V was applied further, cove-
ring the total distance of 85 m from the exit portal.
Unfortunately, the excavation support class II was expected
by the design to be applied to the excavation at that distance,
requiring an only 150 mm thick lining, light-weight lattice
girders, only one layer of Q 188 mesh and only 3 pieces of
3 m long hydraulically expanded rock bolts per one running
metre of the tunnel. This fact meant that significant dispro-
portions originated in comparison with the design assumpti-
ons. The contractor performed about 2 — 3 excavation rounds
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Obr. 5 Prubéh namérenych a predpokladanych deformaci vyrubu
Fig. 5 Curves for measured and anticipated deformations of the excavation

upinatelnych kotev délky 3 m na 1 béZny metr tunelu. Tim
doslo oproti predpokladim projektu ke znacnym disproporcim.
Zhotovitel provddél v tomto useku cca 2 az 3 zabéry za 24
hodin, ¢emuz odpovidala rychlost razby kaloty max. 3 m/den.
1 kdyz byla ndsledné razba preklasifikovdna do tiidy vyrubu I'V.
a III., prognézovand tfida vyrubu II. nebyla po celou dobu
razby pouzita. Za razbou kaloty nasledovala razba opéfi a do-
birdn{ dna, pfi¢emZ maximdlni vzdélenost eleb dil¢ich vyrubu
urcovala projektovd dokumentace a potvrzoval geotechnik
stavby podle skutedné zastizenych podminek. Clenéni vyrubu
na kalotu a opéfi ukazuje obr. 6, kde je v levé &asti vidét rampa
umoznujici pristup do kaloty tunelu. Jak se razba bliZila
k vjezdovému portdlu, zacaly se zhorSovat geotechnické pomé-
ry, coZ bylo v souladu s ocekdvanym vyvojem. Za takovych
podminek nebylo vhodné provadét prorazku do stavebni jamy
vjezdového portalu. V takovém pripadé je mnohem bezpecncj-
§1 provadét prorazku v hote v dostate¢né vzdélenosti od porté-
lu. V pripadé Olbramovického tunelu byla po dohodé projek-
tanta a zhotovitele dne 23. 4. 2010 ukoncena razba 47 m od

a geotechnician in situ,
according to actually encountered conditions. The excavation
sequence consisting of the top heading and the bench is
shown in Fig. 6, in which, pictured left, there is a ramp pro-
viding access to the tunnel top heading. With the excavation
face approaching the entrance portal, the geotechnical condi-
tions started to deteriorate, in agreement with the design.
Under such conditions it was not advisable for the tunnel to
break through into the construction pit at the entrance portal.
It was much safer if the breakthrough was performed inside
the mountain, at a sufficient distance from the portal. In the
case of the Olbramovice tunnel, based on an agreement bet-
ween the designer and the contractor, the excavation was ter-
minated on 23 April 2010 at the distance of 47 m from the
entrance portal; the excavation face was stabilised by anchors
and shotcrete and the tunnelling equipment was moved to the
entrance portal. A day later, on 23rd April 2010, the night
shift crew started to drive the tunnel in the opposite directi-
on, from the entrance portal (see Fig. 7). It was as early as
during the excavation of the construction pit that the concerns
regarding the depth of the rock mass weathering in the area
of the entrance portal were confirmed. The eluvium at the top
heading bottom level could be disintegrated nearly by hand.

Obr. 6 Clenéni vyrubu na kalotu a opéii
Fig. 6 Excavation sequence consisting of top heading and bench




Obr. 7 Silné zvétralé eluvium na &elbé na vjezdovém portile
Fig. 7 Heavily weathered eluvium at the heading at the entry portal

vjezdového portdlu, Celba byla zajiSténa kotvami a stiikanym
betonem a mechanismy byly presunuty k vjezdovému portdlu.
O den pozdéji 23. 4. 2010 zahdjila no¢ni sména protirazbu od
vjezdového portélu (obr. 7). Jiz pfi hloubeni stavebni jamy se
potvrdily obavy z hloubky zvétrdni horninového masivu
v oblasti vjezdového portalu. Eluvium v drovni dna kaloty bylo
mozné témér rozpojovat rukou a zhotovitel si vymohl do reali-
zaéni dokumentace doplnit alternativni zajiSt€ni portdlu
a zahdjeni razby mikropilotovym deStnikem. Nakonec vSak
nebyl op€t pouzit a obrys pristropi zajiStoval opét jen deStnik
z betonarské oceli @32 mm délky 6 m, tentokrat navrtany ve
dvou fadach nad sebou. Razi¢i firmy Subterra pristupovali
k zahdjeni razby velmi zodpovédné a s patfi¢nym respektem.
Vyrub kaloty o plose 60 m2 s nadlozim 5 m az 8 m probihal bez
problému a nadvyrubu a zdhy zhotovitel zjistil, Ze se nejednd
o nic nebezpecného a Ze jehly poskytuji dostateCnou bezpec-
nost pro razbu i staveniStni komunikaci v nadlozi. Po dobu
razby pod komunikaci byl vSak na ni pferuSen provoz.
Vzhledem k hloubce zvétrani byla na rozdil od vyjezdového
portdlu nasazena technologickd tfida vyrubu VI. se spodni
klenbou. Rozsah tseku se spodni klenbou ur¢oval na zdkladé
skute¢né zastizenych podminek geotechnik stavby s tim, Ze
s ohledem na betondZ definitivniho osténi musela délka tdseku
odpovidat ndsobkum délky bloku betondZe, tj. 12 m. V tomto
pripadé se skutecnd délka dseku ve tiidé vyrubu VI. shodovala
s prognézou uréenou v zadavaci dokumentaci.

Obr. 8 Bednici vuz ve stavebni jamé
Fig. 8 Traveller formwork in a construction pit
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The contractor enforced an addition to the detailed design,
solving an alternative portal stabilisation system and starting
the tunnel excavation by installing canopy tube pre-support.
Eventually, the pre-support was not installed and the top hea-
ding contour was again stabilised only by the umbrella con-
sisting of 6 m long concrete reinforcement bars #32 mm,
which were in this case installed in two tiers. The attitude of
Subterra a. s. miners to the commencement of the excavation
was very responsible and respectful from the very beginning.
The top heading excavation with the cross-sectional area of
60 m2 and the overburden 5 — 8 m high proceeded without
problems and overbreaks. The contractor soon found out that
this procedure was not at all dangerous and the dowels pro-
vided sufficient safety for the excavation as well as the site
road above the tunnel. Nevertheless, traffic on the road was
suspended during the course of the excavation under the road.
Taking into consideration the depth of weathering, excavati-
on support class VI with invert was applied, in contrast with
the exit portal. The extent of the section with the invert was
determined by the geotechnician on the basis of actually
encountered conditions, taking into consideration the fact
that the length of the section had to agree with the casting of
the final lining. It had to be multiples of the length of casting
blocks, i.e. 12 m. In this case, the actual length of the section
passing through excavation support class VI was identical
with the prediction contained in tender documents.

3. FINAL TUNNEL LINING AND SECURING ITS
WATERTIGHTNESS

3.1 Cut-and-cover tunnel sections

Clearing of the tunnel bottom excavation from the exit por-
tal and casting of blinding concrete under footings of the
final lining had already started when the bench excavation
was being completed. The casting of the final lining started in
the cut-and-cover section of the tunnel. In contrast with the
mined section, the reinforcement of footings and the tunnel
vault is in this case interconnected. The minimum thickness
of the lining in the crown is 600 mm and it increases toward
the side walls up to more than 1 m. The inner surface of the
tunnel is identical in the cut-and-cover and mined sections.
Owing to this fact only one travelling form was used, making
the casting of 12 m long blocks possible (see Fig. 8). It has
become a tradition that seepage resistant concrete is used for
cut-and-cover sections of a tunnel. Because no waterproofing
membrane was placed on the lining, the joints had to be sea-
led using 320 mm wide inner waterstops. To this purpose it
was necessary to equip the end of the travelling form with
a special piece of formwork making the insertion of the inner
waterstop possible (see Fig. 9). As an insurance, a bentonite
gasket was inserted into the joint before the waterstop, which
swells and seals the joint in the case of water seepage.
Seepage resistant concrete was designed even for the first and
last block of the final lining in the mined tunnel section.
These blocks were in addition provided with a waterproofing
membrane, the same as all blocks of the mined section of the
tunnel. The waterproofing membrane was terminated by an
outer waterstop on the block cast using seepage resistant
concrete. The advantage of this solution is, on the one hand,
that it secures overlapping of the section sealed by means of
the waterproofing membrane and seepage resistant concrete;
on the other hand, the sensitive detail of joining the waterp-
roofing membrane between the mined and cut-and-cover
parts of the tunnel, which is usually solved by means of
a reverse joint, is avoided.
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Obr. 9 Specidlni iiprava &ela bednéni pro tésnici pds
Fig. 9 Special design for the end of the formwork for the insertion of a waterstop

3. DEFINITIVNI OSTENI TUNELU A ZAJISTENI JEHO
VODONEPROPUSTNOSTI

3.1 Hloubené tseky tunelu

Jiz pri dotézovani opéfi probihalo od vyjezdového portdlu
docistovani pocvy tunelu a betondZ podkladnich betont pod
patky definitivntho osténi. Betonaz definitivniho osténi byla
zahdjena na hloubeném useku tunelu. Na rozdil od raZeného
useku je vyztuz osténi patek a klenby tunelu v tomto pripadé
propojena. Minimdlni tlou$tka osténi v klenbé je 600 mm
a smérem k op€fi tunelu se zvétSuje az na vice nez 1 m. Vnitin{
lic tunelu je v hloubeném i razeném tseku stejny, a proto se
pouZivé jeden bednici viz, umoZiujici betonaZ bloku osténi
v délce 12 m (obr. 8). Jiz tradi¢né jsou hloubené tseky tunelu
provadény z betonu odolného proti prisaku vody. ProtoZe na
osténi neni poloZena hydroizola¢ni félie, musi byt spary mezi
bloky betondZe té€snény vnitinim tésnicim pédsem Sitky
320 mm. K tomu udcelu je nutné celo bedniciho vozu vybavit
specidlnim bednénim, které umozni vsazeni vnitrniho té€sniciho
pasu (obr. 9). Jako pojistka je pred tento pds do spary vlozen
i bentonitovy pasek, ktery v pfipadé prisaku vody nabobtnd
a spéaru utésni. Z betonu odolného proti prasakim je navrzen
i prvni a posledni blok definitivniho osténi v raZeném tseku
tunelu. Tyto bloky jsou zdroven izolovdny hydroizolaéni f6lii,
jako vSechny bloky razené césti tunelu. Hydroizolaéni félie je
ukondena vnéj$im tésnicim pdsem na bloku betondZe z betonu
odolného proti prisakum. Vyhoda tohoto fesen{ je v tom, Ze je
jednak zaji$tén presah tseku t€snéného pomoci hydroizolaéni
félie a betonem odolnym proti prasakim, jednak odpada citli-
vy detail napojeni hydroizola¢ni félie mezi hloubenou
a razenou Cdsti tunelu, ktery se zpravidla fesi zpétnym spojem.
3.2 Razené useky tunelu

RaZena c¢ast tunelu je izolovana hydroizolacni félii, kterd je
podélné svarena dvoustopym, kandlkovym svarem s moZnosti
zkouSeni natlakovdnim. Pro napojeni klenby a patky je pouZit
jiz standardni detail bez propojeni vyztuZe a se zataZzenim hyd-
roizolaéni félie az do drovné boc¢nich drendzi (obr. 10). Ty jsou
uloZeny pod trovni spary mezi klenbou a patkou, takZe hydro-
izola¢ni f6lie izoluje i tento citlivy detail s vodorovnou sparou.
Kromé poskozeni hydroizolaéni félie pfi montazi vyztuze je
nutno peclivé sledovat i provadéni zdvojeni félie v misté spary
mezi bloky betondZze a ukonéeni félie v misté patky.
Nedostate¢né utésnéni félie k patce osténi zpusobilo
v minulosti fadu problému, kdy pfi doinjektovdvani vrchliku
definitivniho osténi doSlo k zateCeni injektdZni smesi do dre-
ndzniho systému a zabetonovani potrubi. Sanace je Casove
i finan¢né velmi ndkladnd a zpravidla se neobejde bez trvalého
poskozeni drendZniho systému. Stejnym zpusobem muZe byt
drendzni systém poSkozen, pokud neni béhem provozovini

Obr. 10 Koncovd tiprava hydroizolaéni félie v misté patky osténi
Fig. 10 Final design for the waterproofing membrane at the foot of the lining

3.2 Mined tunnel sections

The mined part of the tunnel was provided with
a waterproofing membrane, which was longitudinally welded
up by a double-seam channel weld allowing the pressurisati-
on of the seam. The connection between the vault and foo-
tings is solved using a traditional detail without connecting
the reinforcement and with pulling the waterproofing mem-
brane down, up to the level of the side drains (see Fig. 10).
The drains are placed under the level of the joint between the
vault and the footing; therefore the waterproofing membrane
even protects this sensitive detail containing a horizontal
joint. Apart from damaging the waterproofing membrane
during its installation, it was necessary to carefully follow the
installation of the double-layer membrane covering joints
between casting blocks and the termination of the membrane
at the footing. The insufficiently sealed connection of the
membrane to the footing caused many problems in the past.
Grout injected behind the final lining crown during the final
grouting operation flew into the drainage system and filled
the pipes. Repairs are very demanding in terms of time and
costs and usually are not carried out without permanent dama-
ge to the drainage system. In the same way, a drainage system
can be damaged if regular clearing is not carried out during the
tunnel operation. For that reason there are manholes installed
every 48 m in safety recesses, allowing the clearing of side
drains. Drainage is threatened not only by fine sand washed
away from the ground mass, but first of all by sediments from
extracts from shotcrete. A drain shoe is installed in each man-
hole, which closes the pipeline in a standard way. In this way
the access of air to the drainage system is limited. Results of
surveys have shown that leaching is significantly retarded and
the process of filling of drains is diminished if the access of air
is limited. The drain shoe makes opening and clearing of dra-
ins with high-pressure water possible. Even the drainage
piping material (in this case supplied by Rehau) is adjusted to
this system.

The final lining for the mined tunnel section was designed in
C20/25 concrete. Its dimensions were determined on the basis
of results of deformational measurements conducted within the
framework of the geotechnical monitoring. Owing to the use of
the 200 mm to 250 mm thick primary lining and the high sta-
bility of the ground environment, the deformations during the
excavation were minimised. Geotechnical parameters of the
ground mass and loading on the lining, which were derived
using a back analysis based on deformations, are very close to
real conditions. In the case of a non-linear calculation of the
concrete lining it was possible to use the cross-section to the
maximum. The large part of the mined tunnel could be con-
structed without concrete reinforcement. For that reason only




Obr. 11 Usek tunelu s nevyztuienym osténim
Fig. 11 Tunnel section with non-reinforced concrete lining

tunelu provddéno jeho pravidelné &isténi. Proto jsou po 48 m
v zéchrannych vyklencich umistény Sachty na ¢isténi bo¢ni tune-
lové drendze. Ta je ohroZena nejen jemnymi ¢dsticemi vyplavo-
vanymi z horninového masivu, ale zejména usazeninami vyluhu
ze stifkaného betonu. V Sachté je osazen Cistici kus, kterym je
potrubi standardné uzavfeno. Tim je omezen pristup vzduchu do
drendzniho systému. Vysledky vyzkumu ukazuji, Ze pii omeze-
ném pristupu vzduchu se zpomaluje vyluhovani a sniZuje se pro-
ces zanaseni drenazi. Cistici kus umoZiiuje po otevieni &istit dre-
nédZe vysokotlakou vodou. Tomu je prizpusoben i materidl dre-
nazniho potrubi — v tomto pripadé od firmy Rehau.

V raZzené &ésti tunelu je definitivni osténi navrzeno z betonu
C20/25. Dimenzovédni probihd na zdkladé vysledku deformad-
nich méfeni provadénych v rdmci geomonitoringu. PouZzitim
primarniho osténi tloustky 200 mm az 250 mm a diky vysoké
stabilit¢ horninového prostredi doslo béhem razby jen
k minimélnim deformacim. Zpétnou analyzou byly na zdklade
deformaci odvozeny geotechnické parametry horninového
masivu a ndsledné zatiZeni osténi, které se bliZ{ redlnym pod-
minkdm. Pfi nelinedrnim vypoétu betonového osténi, kdy je
zohlednén vznik trhlin a tfm i maximdlni vyuZiti prufezu, lze
veétsi Cdst razeného tunelu provadét bez vyztuZe. Proto jsou
vyztuZzeny pouze bloky betondZe v priportdlovych dsecich
a v nevyztuzenych blocich betonaZe jsou vyztuZeny jen nouzo-
vé vyklenky v kazdém druhém bloku (obr. 11). Diky moznosti

20. rocnik - €. 47201

the casting blocks in the portal sections were reinforced. In the
unreinforced blocks, only the emergency recesses in every
other block were reinforced (see Fig. 11). Thanks to the possi-
bility to close the portals and the travelling formwork with
geotextile, concrete could be cast even during the winter sea-
son. During the preparation of this paper, the final lining had
been completed throughout the tunnel length and the work on
the inner equipment of the tunnel was in progress.

4. THE TOMICE | TUNNEL

With its length of 324 m, the Tomice I tunnel is the second
longest tunnel within the Votice — BeneSov u Prahy rail line
section. The tunnel excavation commenced in September
2010. The geotechnical conditions for excavation were simi-
lar as those in the case of the Olbramovice tunnel, despite the
fact that the overburden height reaches a mere 15 m. Of the
total tunnel length, a 108 m long section was constructed in
an open construction trench (see Fig. 12) and 218 m were dri-
ven using the NATM. The tunnel lies on a horizontal curve
with the diameter of 1282 m, inclining at the longitudinal
gradient of 10 %o. The track superelevation of 170 mm is
smaller than that in the Olbramovice tunnel; the necessary
offset of the centreline of the tracks from the tunnel centre
line is 170 mm. The tunnel geometry is identical for all tun-
nels on the route, corresponding to the standard sheet for
a double-track tunnel. The rock mass behaviour during the
tunnel excavation was similar to the behaviour experienced
in the case of the Olbramovice tunnel. Thus the contractor
could apply the experience gained during the excavation of
that tunnel. Deformations of the excavated opening varied up
to 15 mm as a standard, exceeding 20 mm only in isolated
cases. The value of 35 mm was not exceeded in any of the
measurement profiles. It can be concluded from this fact that
it also applies to the Tomice I tunnel that the rock mass is
stable and the support system depending on the excavation
support classes does not allow bigger increase in deformati-
ons. The excavation support classes were assigned following
the same principle as it was in the case of the Olbramovice
tunnel. It differed from the prediction contained in the tender
documents and the final design.

5. CONCLUSION

The excavation of both tunnels passed through the geology
consisting of granitic diorites in various degrees of weathering

Obr. 12 Stavba zdrodku kaloty v jamé Tomického tunelu I.

Fig. 12 Construction of the starting top heading stub in the construction pit for the Tomice tunnel I.
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and tectonic disturbance. From the
geotechnical point of view, the para-
meter crucial for the excavation stabili-
ty was the orientation of discontinuiti-
es in relation to the excavation face
plane and their spacing determining the
fragmentation of the rock. No larger
overbreaks beyond the excavation con-
tour occurred during the works. An
instable excavation face was experien-
ced in the Olbramovie tunnel at the
beginning of 2010. The instability cau-
sed falling of rock over the planned
length of the excavation round during

e VyuZiti deformace DZS/RDS
Use of deformation limits - Final design / Detailed design
——VyuZiti deformace dle pouzité tfidy vyrubu
Use of deformation limits according to excavation support classes prescribed
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mechanical disintegration. This insta-
bility was successfully removed by the
contractor in time, therefore uncontrol-
led spreading of the problem was pre-
vented. During the course of the subse-
quent excavation the rock mass beha-

Obr. 13 Graf vyuZiti pripustnych deformaci vyrubu
Fig. 13 Chart of exhausting of allowable excavation deformations

uzavieni portdld a bedniciho vozu geotextilii mohly probihat
betondZe i v zimnim obdobi. V dobé psani ¢lanku bylo jiz oste-
ni v celé délce tunelu vybetonované a probihaly prace na vniti-
nim vybaveni.

4. TUNEL TOMICKY 1.

Tunel Tomicky I. je s délkou 324 m druhym nejkratSim tunelem na
useku Votice — BeneSov u Prahy. RaZba tunelu byla zahdjena v zai{
2010 a geotechnické podminky pro razbu byly obdobné jako
v pripadé Olbramovického tunelu, i kdyZ vyska nadloZi dosahuje jen
max. 15 m. Z celkové délky tunelu je 108 m tunelu provadéno
v oteviené stavebni jamé (obr. 12) a 216 m razeno pomoci NRTM.
Tunel lezi ve smérovém oblouku o poloméru 1 282 m v podélném
sklonu 10 %o. Prevyseni koleje 170 mm je menSi nez v Olbra-
movickém tunelu a nutné odsazeni osy koleji od osy tunelu je
170 mm. Tvar tunelu je stejny pro vSechny tunely na trase a ridi se
rovnéZ vzorovym listem dvoukolejné-

ved in a stable manner and the defor-
mational measurements conducted within the framework of
the geotechnical monitoring confirmed that the rock mass was
stable as the whole. The alert levels were not registered at any
of the measurement profiles. The example of exploiting the
allowable deformations set in the design for the Olbramovice
tunnel is presented in Fig. 13. It is obvious from the chart that
the allowable deformations were not reached during the tun-
nel excavation and deformational manifestations of the exca-
vation lied deep under the values expected by the design and
tender documents.

The excavation support classes were determined in compli-
ance with the NATM principles, directly on site, after mutual
agreement of representatives of project owner’s site supervi-
sion (or the site geotechnician) and a representative of the
contractor responsible for the safety of the excavation work
(the mine manager). The situation which has developed
shows that correct determination of excavation support clas-
ses has a fundamental influence on the efficiency of invest-
ment costs incurred. The rules set according to the NATM

ho tunelu. Chovén{ horninového masi-
vu pri razbé bylo obdobné jako
v pripadé Olbramovického tunelu
a zhotovitel mohl uplatnit zkuSenosti
ziskané pri jeho razbé. Deformace
vyrubu se pohybovaly standardné do
15 mm, v ojedinélych pripadech pre-
kracovaly 20 mm a v Zddném z mé-
fenych profilu deformace nepresdhla
hodnotu 35 mm. Z toho Ize usuzovat,
7e i v piipadé tunelu Tomického I. je
horninovy masiv stabilni a zpusob
zajisténi podle technologickych tfid
vyrubu nepripousti vétsi ndrtst defor-
maci. Zatfidovani do technologickych
tiid vyrubu probihalo podle stejného
principu, jako v pripadé Olbramo-

Délka razby
Excavation length
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3

Olbramovicky tunel — Olbramovice Tunnel

vického tunelu a liSilo se od progndzy
stanovené v zaddvaci dokumentaci,

resp. realizani dokumentaci stavby.

Vi. V.
[0 Projekt-Design 48 12 80 40 180
[ Skuteénost - Reality 48 a8 115 a9

5. ZAVER
Razba obou tuneli probéhla
v prostfed{ garnitoidi ruzného stup-

Trida vyrubu — Excavation support class

né zvétrani a tektonického poruseni.
Z geotechnického hlediska byla pro

Obr. 14 Progndéza a skutecnost technologickych trid vyrubu Olbramovického tunelu
Fig. 14 Prediction and reality in excavation support classes for the Olbramovice tunnel
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stabilitu vyrubu zdsadnim parametrem orienta-
ce diskontinuit vzhledem k roviné Celby a dale
jejich vzdalenost urcujici fragmentaci horniny.
Béhem razby nedoslo k tvorbé vétsich nadvylo-
mu nad obrys tunelu. Zacdtkem roku 2010
doslo na Olbramovickém tunelu k nestabilité
Celby, kterd méla za nésledek vypadnuti horni-

Tunel Tomice I. = Tomice I. Tunnel

ny nad planovany rozsah zdbéru pfi strojnim 100

rozpojovani. Tuto nestabilitu se vSak podafilo 80

zhotoviteli vc€as zajistit tak, aby nedoSlo >'§,

k jejimu nekontrolovanému Sifeni. Pri dalsi g5 60

razbé se horninovy masiv choval stabilné ;é

a deformacni méfeni provddénd v rdmci geo- 3 S 40

technického monitoringu potvrzuji celkovou u‘>'<: 20

stabilitu horninového masivu. Ani na jednom

merickém profilu nebylo dosazeno varovného 0

stavu. Cerpani projektem stanovenych piipust- v v Ll I
nych deformaci ukazuje priklad Olbramo- [1 Projekt — Design 24 50 80 62
vického tunelu na obr. 13. Z grafu je zfejmé, ze = =

pri razb€ nebylo pripustnych deformaci zdaleka B Skutetnost - Reality 40 97 9 0

dosazeno a deformacni projevy razby leZely
hluboko pod projektem i zaddvaci dokumentaci
o¢ekdvanymi hodnotami.

Trida vyrubu - Excavation support class

Zattidovani do technologickych tiid vyru-
bu probihalo podle zdsad NRTM piimo na
stavbé po vzdjemné dohodé zdstupcu tech-
nického dozoru investora (resp. geotechnika stavby)
a zastupce zhotovitele odpovédného za bezpecnost razby
(zdvodniho). Vznikla situace ukazuje, Ze spravné zatridéni do
technologické tfidy vyrubu mé zdsadni vliv na efektivnost
vynaloZenych investi¢nich ndkladu. Nastavend pravidla
NRTM umoznuji zhotoviteli i investorovi pouZit jen takové
prostredky k zaji§téni stability vyrubu, které jsou nezbytné
nutné pro zajisténi bezpecnosti razby a pripustnych deforma-
ci vyrubu. Rozdily mezi prognézou a skuteCnosti v zatfi-
dovani do technologickych tfid vyrubu ukazuji grafy na
obrazcich 14 a 15.

PouZiti betona odolnych proti prasakim pro osténi hloube-
nych tunelt klade zvySené nédroky na provadéni betondze
i detaild tésnéni pracovnich spéar. Pfind$i vSak vyhody
v odstranéni rizika poSkozeni hydroizolaéni f6lie jako jediné-
ho prvku k zajisténi vodonepropustnosti osténi. V pripade
prusaku pres ostén{ Ize sanovat misto, kde k prusaku skute¢né
dochdzi a na rozdil od poSkozené hydroizolaéni félie presné
lokalizovat misto poruchy.

Dimenzovéni definitivniho osténi na zdkladé vysledku geo-
technickych méfeni v prubéhu raZeb je jasnym dukazem, Ze
observaéni metoda je u NRTM pouzZitelnd nejen pfi razbé
a navrhu zaji$téni stability vyrubu, ale i pfi provadeéni defini-
tivniho osténi. Oproti zadavaci dokumentaci do§lo v pripade
definitivniho osténi k dspore oceli, nebot’ vétsi ¢ast razeného
dseku tunelu je provedena z nevyztuzeného betonu. Pres
pocate¢ni neduvéru se pouZiti nevyztuzeného osténi zalind
u Ceskych silni¢nich i Zelezni¢nich tunelt pomalu pouZivat.

Investorem stavby je SZDC Stavebni sprava Praha, zhotovi-
telem geotechnického monitoringu a geotechnikem stavby je
firma Arcadis. Tunely provadi firma Subterra na zdklad¢ rea-
liza¢ni dokumentace zpracované firmou IKP Consulting
Engineers.
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Obr. 15 Progndza a skutecnost technologickych trid vyrubu Tomického tunelu I.
Fig. 15 Prediction and reality in excavation support classes for the Tomice tunnel I.

allow both the contractor and the project owner to use only
such means to provide the stability of the excavation which
are indispensable for the safety of excavation and for secu-
ring of permitted deformations. Differences between the pre-
diction and reality in the determination of excavation support
classes are shown in Figures 14 and 15.

The application of seepage resistant concrete to the lining
of cut-and-cover tunnels places increased demands on the
execution of casting of concrete and details of sealing of con-
struction joints. But it even brings advantages in terms of
removing the risk of damage to the waterproofing as a single
component securing the waterproofing capacity of the lining.
As opposed to a damaged membrane, it is possible in the
cases of seepage through the lining to exactly locate the
defective spot and repair only the spot where the seepage
really occurs.

The dimensioning of the final lining based on results of
geotechnical measurements during the course of excavation
is a clear proof that the observational method at the NATM is
applicable not only during the excavation and preparation of
a proposal for the excavation support, but also during the
erection of the final lining. Compared with the tender docu-
ments, savings in reinforcement were achieved in the case of
the final lining because the major part of the mined tunnel
section is lined with non-reinforced concrete. Despite the ini-
tial distrust, the use of a non-reinforced lining slowly begins
to be used in Czech road tunnels and railway tunnels.

The project owner is the Railway Infrastructure
Administration, state organisation, the Civil Engineering
Administration Prague; the contractor for geotechnical moni-
toring is ARCADIS. The tunnels are constructed by SUB-
TERRA a. s. on the basis of the detailed design carried out by
IKP Consulting Engineers s. r. 0.

ING. LIBOR MAI?I'K, libor.marik@ikpce.com,
IKP CONSULTING ENGINEERS, s. r. o.
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VOTICKY ZELEZNICNI TUNEL - TECHNICKE RESENI
A ZKUSENOSTI Z VYSTAVBY
VOTICE RAIL TUNNEL - TECHNICAL SOLUTION AND EXPERIENCE
FROM CONSTRUCTION

LIBOR MARIK

Hloubeny dvoukolejny tunel Voticky md v rdmci Ceské
republiky hned nékolik primatd. S délkou 590 m je nejdelsim
hloubenym Zelezni¢nim tunelem, jehoZ osténi tvori beton odol-
ny proti prusakiim. Origindln{ je i konstrukce osténi tunelu roz-
pirand ve spodni &dsti o boky stavebn{ jamy nebo zpusob vyz-
tuzovdni osténi. Stavbu tunelu provizely od samého pocatku
geotechnické problémy, které si vyZzddaly zménu zpusobu zajis-
téni stavebni jamy. K odtéZovani stavebni jamy byla kromé
trhacich praci pouzita i skalni fréza. Piispévek popisuje tskali,
se kterymi se musi projektant, zhotovitel i investor potykat pri
zméné geotechnickych poméru a s tim souvisejiciho postupu
vystavby.

GEOTECHNICKE PODMINKY — PREDPOKLADY
A SKUTECNOST

Kli¢ovym faktorem, ktery zdsadné ovliviiuje vystavbu tunelu
i volbu konstrukéniho feseni, jsou geotechnické poméry v dané
lokalité. Nejinak tomu bylo pfi zpracovdni projektové doku-
mentace a ndsledné realizaci stavby. Tunely na tratovém udseku
Votice — BenesSov u Prahy prochdzeji geomorfologickou sousta-
vou oznatovanou jako Jihofeskd vyso¢ina. Uzemi se nachazi
pri jihovychodnim okraji stfedofeského plutonu v blizkosti
vybéZku moldanubika a je tvofeno zejména paleozoickymi, hlu-
binnymi a Zilnymi vyvrelinami. Horniny jsou charakteristické
svou znacnou petrografickou pestrosti. Pfevazujicimi hornino-
vymi typy jsou drobnozrnné Zilné granity a aplity. V ¢dasti izemi
porfyrické, stfedné zrnité, amfibol-biotitické zuly typu Certova
bremene a porfyrické, stfedné zrnité biotitické Zuly s amfi-
bolitem sedl¢anského typu. Lokdlné se v trase tunelu vyskytuji
kontaktni metamorfity zastoupené cordieritickymi rulami
a migmatity rizného stupné zvétrani. Avizované geotechnické
podminky v misté Votického tunelu byly v porovnani s tunely
Olbramovicky, nebo Tomicky I. a II. na stejném tratovém dseku
velmi priznivé. Kromé z6ny hlubsiho dosahu zvétrani uprostied
tunelu a v oblasti vyjezdového portdlu meél tunel prochizet
navétralymi granity s ortogondlnim systémem subvertikdlnich,
resp. subhorizontdlnich puklin. RaZeny tunel nebyl v tomto
dseku navrZzen pouze z duvodu nizkého nadlozi, které se pohy-
buje od 0 do max. 9 m a nedovolovalo by tak dosdhnout poza-
dované bezpecnosti pro razbu. V oblasti vyjezdového portdlu je
tunel oproti puvodni drovni terénu dokonce mirné presypdn.
Geotechnicky pruzkum byl provddén pomoci jaddrovych vrtu
doplnénych geofyzikdlnim pruzkumem. ProtoZe se zvolenymi
metodami pruzkumu jen obtizné stanovuje sklon a orientace
puklin, bylo predpoklddéno typické rozpukani charakteristické
pro dany typ horniny.

Po zahdjeni praci na hloubeni stavebni jaimy se vSak ukdzalo,
Ze se v neékterych ddajich skute¢né zastizené geotechnické pod-
minky odchyluji od prognézy uvedené v projektu stavby a zada-
vaci dokumentaci. Horniny jsou nepravidelné a v§esmérné roz-
pukané. Smér a sklon jednotlivych diskontinuit se v masivu

The Votice cut-and-cover tunnel is a holder of several records
in the Czech Republic. With its length of 590 m it is the longest
cut-and-cover railway tunnel with a seepage resistant concrete
lining. Even its structure is original through the bracing at the
bottom against sides of the construction trench and the method
of reinforcing the lining. The construction was attended by geo-
technical problems from the very beginning. They required
a change in the technique of stabilising the construction trench.
The construction trench was dug using blasting, supplemented
by a rock roadheader. The paper describes the difficulties
a designer, contractor and project owner have to deal with when
geotechnical conditions and the associated construction proce-
dure change.

GEOTECHNICAL CONDITIONS — ASSUMPTIONS
AND REALITY

Geotechnical conditions in the particular location are the key
factor which fundamentally affects a tunnel construction and
the selection of the structural solution. The same applied to the
work on the design and subsequent implementation of this con-
struction. Tunnels within the rail track section between Votice
and BeneSov u Prahy pass through a geomorphological system
referred to as the South Bohemian Highlands. The area is found
at the south-eastern edge of the Central Bohemian pluton, near
a spur of the Molanubic. It is formed first of all by Palaeozoic
igneous intrusions and dike rocks. The rocks are characterised
by significant petrographical variety. Prevailing rock types
comprise fine-grained dike granites and aplites. In a part of the
area there are porphyritic, medium-grained, amphibole-biotite
granites of the Certovo Bfemeno type and porphyritic, medi-
um-grained biotite granites with amphibolite of the Sedl¢any
type. Contact metamorphites represented by cordierite gneiss
and migmatites in various degrees of weathering are locally
encountered along the tunnel route. The geotechnical conditi-
ons predicted for the location of the Votice tunnel were very
favourable in comparison with the Olbramovice or Tomice
I and Tomice II tunnels driven within the same track section.
Apart from a zone of deeper weathering in the middle of the
tunnel and in the area of the exit portal, the tunnel was expec-
ted to pass through slightly weathered granites with an ortho-
gonal system of sub-vertical and sub-horizontal cracks.
A mined tunnel was not designed for this section because of the
shallow overburden, the height of which varies between 0 and
the maximum of 9 m, not allowing the safety prescribed for dri-
ving tunnels to be achieved. In the area of the exit portal the
tunnel backfill even slightly rises over the original terrain sur-
face. Geotechnical survey was conducted by means of cored
holes, supplemented by geophysical investigation. Because the
dip and direction of cracks is difficult to determine using the
selected methods, the typical cracking characteristic for the

particular type of rock was adopted as a design assumption.




Obr. 1 Zahdjeni téZeni jamy (01/2010)
Fig. 1 Commencement of pit excavation (01/2010)

pomérné vyrazné méni, coZ je zfejmé zpusobeno horninotvor-
nymi procesy souvisejicimi s intruzi plutonu podél komplexu
moldanubika. Hornina je v prostoru hloubené jamy postiZena
riznym stupném zvétrani od zcela zvétralé horniny charakteru
stmeleného pisku (obr. 1) az po vysoce pevnou témér zdravou
horninu. Kvalitni pevnd hornina vystupuje v trase tunelu ve
dvou elevacich v dsecich ohrani¢enych tunelovymi metry TM 0
az 150 a TM 300 az 450. V ostatnich castech trasy zasahuje
zvétrdni do zna¢né hloubky, coZ md za ndsledek vyskyt horniny
o nizké az velmi nizké pevnosti. Vyjezd z tunelu v TM 460-590
je cely tvofen eluvidlnimi granitickymi zvétralinami.
S postupujicim odtéZovanim horniny smérem do hloubky
dochdzi i v poruSenych usecich k postupnému obnaZovini
pevné navétralé az zdravé horniny. Na nékolika mistech se ve
sténdch stavebni jamy objevuji télesa Zilnych (aplitickych) Zul,
kterd jsou mnohdy provdzena pomérné silnymi pritoky vody.

Hlavni faktor ovliviiujici stabilitu stén stavebni jamy je ori-
entace zastoupenych ploch nespojitosti. Diky blizkosti kontaktu
s moldanubickymi horninami je granit aZ nezvykle usmérnény
a jeho vnitini usporddéni limituji 3—4 systémy ploch nespojitos-
ti. Spadnice nejCetnéjsich ploch sviraji se spadnici svahu sta-
vebni jamy thel < 45° a sklon se pohybuje v rozmezi 65-80°.
Nékdy 1ze dokonce oznacit dominantni systémy jako subpara-
lelni se smérem stavebni jamy. Tato nepfiznivd a nepred-
poklddand orientace dominantnich ploch nespojitosti zpisobo-
vala v prub&hu hloubeni stavebn{ jdmy vznik nestabilnich §iro-
kych a plochych klint, které mély vyraznou predispozici pro
vyjeti do prostoru stavebni jdmy (obr. 2). Vznikl4 situace vedla
aZ ke zméné zpusobu zajisténi stavebni jamy.

OD ZAREZU K HLOUBENEMU TUNELU

V pribéhu projektovdni piipravné dokumentace doSlo
v dseku nynéjsiho tunelu k vyskové tprave trasy. Ve vazbé na
navazujici dseky bylo nutné niveletu zahloubit aZ o 1 m, a tim
vzrostla hloubka navrhovaného zarezu az na bezmadla 20 m. Pfi
této hloubce stavebni jamy jiz vstupuji do hry kromé investic-
nich nédkladu i otdzky spojené s dlouhodobou stabilitou jejich
svahi a ndroky na ddrzbu traté. Proto bylo provedeno technic-
ko-ekonomické posouzeni variant vedeni trasy v otevieném
zdfezu a presypaného tunelu. Zatimco svahy stavebni jamy
navrhované jako do¢asné bylo mozné projektovat strméjsi, trva-
1y zéfez by vyzadoval pouZiti podstatné plosSich sklont svahu.
Proto se z hlediska objemu zemnich praci jevila jako vyhodn¢j-
§{ varianta hloubeného tunelu, kterd navic umoznovala Cast
vytézeného materidlu ulozit zpét ve formé zdsypu tunelu.
Stavebni jama vSak byla nejen zna¢né hloubky, ale i $ifky, nebot’
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It was found out after the beginning of the excavation of the
construction pit that, in some points, the actually encountered
geotechnical conditions deviated from the prognosis contained
in the detailed design and the tender documents. The rock is
irregularly and omni-directionally fractured. The direction and
dip of individual discontinuities relatively significantly vary
within the massif. This is probably caused by rock-forming
processes associated with the intrusion of pluton along the
Moldanubic complex. The rock in the space of the construction
pit is affected by various degree of weathering, ranging from
totally weathered rock with the character of compacted sand
(see Fig. 1) up to very strong, sound rock. Good quality, strong
rock rises along the tunnel route in two elevations in sections
bordered by tunnel chainages 0 to 150 m and 300 to 450 m. In
the other parts of the route, weathering processes reach signifi-
cant depths, resulting in the occurrence of low to very low
strength rock. The entire exit from the tunnel at tunnel chaina-
ge 460-590 m is formed by eluvial granitic detritus. With the
gradual deepening of the excavated pit, strong, slightly weat-
hered to sound rock was exposed even in the disturbed sections.
Vein (aplitic) granite bodies, frequently accompanied by relati-
vely intense inflows of groundwater, appeared in several pla-
ces in the walls of the construction trench.

The main factor affecting the stability of walls of the con-
struction pit was the directions of existing discontinuity surfa-
ces. Owing to the contact with the Moldanubic rocks found in
the close vicinity, the granite is unusually aligned; its inner
structure is limited by 3-4 systems of discontinuity surfaces.
The lines of maximum slope of the surfaces lay at an angle <
45° to the lines of maximum slope of the pit sides; the gradient
fluctuates between 65 — 80°. Sometimes it is even possible to
mark dominating systems as sub-parallel with the direction of
the construction pit. This unfavourable and unpredicted orien-
tation of dominating discontinuity surfaces caused the origina-
tion of wide and flat wedges, which were significantly pre-dis-
posed to sliding into the space of the construction pit (see
Fig. 2). The resulting situation even led to a change in the con-
struction pit stabilisation system.

FROM AN OPEN CUT ROUTE
TO THE CUT-AND-COVER TUNNEL

The vertical alignment design was modified during the work
on the conceptual design for the current tunnel section. The
alignment depth had to be increased by about 1 m with respect
to the adjacent sections. The depth of the proposed open trench
increased up to nearly 20 m. At this depth of the construction
pit, even the issues associated with long-term stability of its
slopes and requirements for the maintenance of the track is to
be counted with, in addition to investment costs, to the process.
This was the reason why a technical and economic assessment
of a variant of the alignment running in an open cutting and
a false tunnel variants were carried out. While the construction
trench, slopes proposed as temporary structures, could be
designed steeper, a permanent cutting would have required sub-
stantially flatter gradients of slopes. For that reason the cut-
and-cover tunnel variant, which, in addition, allowed part of
the excavated material to be returned back in the form of the
tunnel backfill, appeared to be more advantageous. However,
the construction trench was to be excavated to a significant
depth and also width, because it was necessary in terms of
a standard construction system to allow for a space at least
1.5 m wide alongside the cut-and-cover tunnel structure, on eit-
her side. This space allowed the tunnel formwork to be instal-
led and other operations connected with the construction to be
carried out. The width of the construction trench was success-
fully reduced by 3m thanks to an original technical solution
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Fig. 2 Loosened rock blocks (04/2010)

pro standardni vystavbu bylo tfeba pocitat s prostorem podél
hloubeného tunelu o §ifce min. 1,5 m na kazdé strané. V tomto
prostoru bylo mozné zajistit bednéni osténi tunelu a provadéni
dal§ich praci souvisejicich s vystavbou. Diky origindlnimu tech-
nickému feSeni, vyuzivajicimu boky stavebni jamy jako tuhou
podpéru klenbové konstrukce osténi tunelu, se podarilo ziZit sta-
vebni jdmu o 3 m, a tim sniZit objem zemnich praci o vice nez
25 000 m3. Podeptenim klenby tunelu o tuhé boky stavebni jamy
bylo dosazeno i vyrazného zestihleni tunelového osténi o 100 mm
a sniZeni stupné vyztuZeni v porovndni s klasickou konstrukc{
provadénou ve svahované stavebni jamé, jako napf. u sousedniho
Olbramovického tunelu. Pfi ndvrhu technického feSeni se vycha-
zelo z prognézy geotechnickych poméru v trase tunelu.
Vzhledem k ofekdvanym geotechnickym parametrim horninové-
ho masivu byly docasné svahy stavebni jamy navrzeny ve sklonu
5:1 a 3:1. Posledn{ etdz stavebni jamy vysky 4,5 m byla navrZena
dokonce se svislymi boky, aby o ni bylo mozné rozepfit tunelové
osténi. Pouze prvni etdZz stavebni jamy, situovand do vrstev
pokryvu, je navrzena ve sklonu 1:1. Jeji hloubka vSak zpravidla
nepresahuje 3 m. Vzhledem k reliéfu terénu a vySkovému
i smérovému situovani trasy nebylo mozné dosdhnout vyrovnané
hmotnice. Vedenim trasy v péti tunelech a Eetnych zafezech vzni-
kal znaCny prebytek vykopového materidlu, ktery bylo mozné
trvale deponovat az asi 100 km od dané lokality. Navrzenim hlou-
beného tunelu délky 590 m doslo k vyraznému sniZeni objemu
zemnich praci. Hlavnimi divody byly jednak strméjsi sklony
docasnych svahu stavebni jamy, jednak moZnost uloZeni &asti
vykopu do zpétnych zdsypu. Na zédkladé technicko-ekonomické-
ho porovnani bylo proto rozhodnuto sledovat v dal§im stupni pro-
jektové dokumentace variantu hloubeného tunelu.

VODONEPROPUSTNE OSTENI BEZ IZOLACNI FOLIE

Zajisténi vodonepropustnosti tunelového osténi je provdzeno
vzdy uréitymi obavami. I kdyZ pomalu odeznivaji jesté neddvno
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using the sides of the construction trench for firm support of the
vault structure, thus the volume of earthwork was reduced by
over 25,000 m3. Significant reduction of the tunnel lining
thickness by 100 mm was achieved and the reinforcement ratio
was reduced in comparison with a classical structure construc-
ted in a sloped open trench, such as, for example, the neigh-
bouring Olbramovice tunnel. When the technical solution was
being prepared, geotechnical conditions predicted for the tun-
nel route were adopted as the basis. Taking into consideration
the predicted geotechnical parameters of the rock mass, 5:1 and
3:1 inclines were proposed for the temporary slopes of the con-
struction trench. The last, 4.5 m high, bench of the constructi-
on trench excavation was even proposed to have vertical sides
so that the tunnel lining could be braced against it. The first
bench in the construction trench, located in the cover, was the
only bench which was excavated with the slopes at 1 : 1. The
height of this bench usually did not exceed 3 m. Because of the
terrain relief and the horizontal and vertical design of the align-
ment, it was not possible to achieve a balanced mass haul dia-
gram. Significant excavation surplus muck originated as
a result of the alignment passing through 5 tunnels and nume-
rous cuttings. A permanent stockpile was available only at the
distance of about 100 km from the given location. The earth-
work volume was significantly reduced owing to the proposal
for the 590 m long cut-and-cover tunnel. The main reasons
were both the steeper gradients of temporary slopes of the con-
struction trench and the possibility of using part of the excava-
ted ground for backfills. The decision to follow the cut-and-
cover variant in the subsequent design stage was therefore
made on the basis of the technical-economic comparison.

WATER RETAINING LINING WITHOUT WATERPROO-
FING MEMBRANE

The process of ensuring water-retaining properties of
a tunnel lining is always accompanied by certain concerns.
Despite the fact that the recently used sceptical arguments that
a non-leaking tunnel does not exist slowly fade away, the appli-
cation of waterproofing membranes is very demanding in terms
of technological discipline and the precision of the installation.
In the case of mined tunnels there is the danger that the waterp-
roofing membrane will be damaged when the reinforcement of
the final lining is being placed. As far as cut-and-cover tunnel
sections are concerned, the main enemy is backfilling. For that
reason the designer decided to solve these problems in a simple
way. He proposed no waterproofing for the Votice tunnel.
According to the design, the water retaining capacity of the
lining is secured by means of seepage resisting concrete.
Nevertheless, even this technology has its snags; but its advan-
tages prevail. Among the disadvantages there are the higher
requirements for the design of concrete mix with low hydrati-
on heat release, higher reinforcement ratio, the necessity to
asses the cracking tendency of the structure, the placement of
concrete and curing it after stripping and the fact that joints bet-
ween casting blocks are always sealed with inner waterstops.
The reward for coping with these requirements is crucial in
terms of the tunnel operation and maintenance, namely the zero
risk of damaging the waterproofing system during the work on
backfills and an effective possibility of removing contingent
leaks. If the waterproofing membrane is used, leaks can appear
in other spots than the spots where the membrane was dama-
ged. The subsequent injection of sealing grout is therefore litt-
le effective and usually requires the sealing covering a large
section of the tunnel. When the seepage resistant concrete is
used, the repair is carried out only in the spot where the struc-
ture is really weakened, where water really seeps through. This
technology is used on larger scale rather in tunnels abroad
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pouzivané skeptické argumenty, Ze neexistuje tunel, ktery by
netekl, je provddéni hydroizolaénich f6lif velmi ndro¢né na tech-
nologickou kdzen a preciznost provadéni. V priipadé razenych
tuneld hrozi nebezpedi poskozeni hydroizolacni félie pfi monta-
7i vyztuZe definitivniho osténi. U hloubenych dseku tunelu je
hlavnim nepfitelem provadéni zpétnych zdsypu. Proto se projek-
tant rozhodl tento problémy vyfresit jednoduchym zpusobem
a hydroizolaéni f6lii v piipadé Votického tunelu viibec nenavrhl.
Vodonepropustnost osténi v projektu zajistil pomoci betonu oste-
ni odolného proti prisakim. I tato technologie ma sva tskali,
vyhody vSak prevladaji. K nevyhoddm patii vy$si naroky na
navrh betonové smési s nizkym vyvinem hydrataéniho tepla,
vys§$i procento vyztuZeni, posuzovani konstrukce na vznik trhlin,
vlastni provadéni i oSetfovani betonu po odbednéni i skute¢nost,
7e spdry mezi bloky betondZe/tunelovymi pdsy jsou tésnény
vnitinimi té€snicimi pdsy. Zato ziskame vyhodu, ktera je
z hlediska provozovani a Udrzby tunelu zdsadni. Tou je nulové
riziko poskozeni hydroizoladniho systému pii provadeéni zpét-
nych zdsypu a efektivni moZnost sanace pripadnych prusaka.
V pripadé pouZiti hydroizoladni félie nemus{ k prusaku osténim
dojit v misté poruseni f6lie. Ndslednd t€snici injektdZ je proto
madlo ucinnd a zpravidla vyzaduje utésnéni velkého tseku tune-
lu. V pripadé pouZiti betonu odolného proti prusakim se sanuje
misto skute¢ného oslabeni konstrukce, kde k prflsa_ku dochazi.
Tato technologie je ve vétsim méfitku pouZivdna spisSe
u zahrani¢nich tuneld (napf. podchod Dunaje ve Vidni trasou
metra U2). U Zelezni&nich tunelt se v CR tato technologie dosud
pouZivala jen u kratkych hloubenych tseku tunelt (napf. tunel
Veprek, Mald Huba, Hnévkovsky I.). S délkou 590 m je Voticky
tunel nejdel$im Zelezniénim tunelem v CR, kde bude vodone-
propustné osténi pouZito.

ROZPIRANI TUNELU O BOKY STAVEBNI JAMY

Dalsi zvldstnosti Votického tunelu je ojedinély ndvrh kon-
strukéniho feSeni, ktery vyuZivd spolupusobeni osténi a hor-
ninového masivu, kdy je posledni etdZ stavebni jamy vyuZita
jako rubové bednéni a zdroven rozpéra spodni &ésti klenbové
konstrukce osténi. Vzhledem k tomu, Ze je osténi navrzeno
z betonu odolného proti prasakum, je nutné dodrZovat povolené
odchylky od projektované tloustky podle TKP 20 Zeleznicni
tunely. Jednd se o podminku, kdy se tloustka osténi muze liSit
od projektované hodnoty podle vztahu:

dmax =< dproj + 0,30 m, resp. 1,5 X dproj (m),

pri¢emZ rozhodujici je mensi z obou vypoétenych hodnot
a dproj je projektovand tloustka osténi. Tato podminka eliminuje
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Obr. 4 Specidlni bednéni boénich klinu (06/2010)
Fig. 4 Special formwork for side wedges (06/2010)
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Obr. 3 Drendz, separacni folie a vyztuz
Fig. 3 Drainage, separation membrane and reinforcement

(e.g. the passage of the metro U2 Line under the Danube River
in Vienna). Regarding railway tunnels in the Czech Republic,
this technology has been applied only to short cut-and-cover
tunnel sections (e.g. the Veprek, Mald Huba and Hnévkov
I tunnels). With its length of 590 m, the Votice tunnel is the lon-
gest railway tunnel in the Czech Republic where the water-reta-
ining lining will be applied.

BRACING OF THE TUNNEL AGAINST SIDES OF
CONSTRUCTION TRENCH

Another rarity of the Votice tunnel is the unique structural
design using the composite action between the lining and the
rock mass, where the last stage of the construction trench exca-
vation is used as outer formwork and, at the same time, as
a brace for the bottom part of the vaulted structure of the lining.
Because of the fact that seepage resisting concrete is designed
for the lining, it is necessary to observe the deviations from the
design width permitted according to the Technical Speci-
fications 20 for railway tunnels. This condition permits the
thickness of the lining to differ from the design value according
to the following relationship:

dmax =< ddesign + 0.30 m, resp. 1.5 X dgegign (M),

where the smaller of the two calculated values decides and
ddesign is the design thickness of the lining. This condition eli-
minates sudden changes in the lining thickness, which could,
with respect to the non-uniform generation of hydration heat,
lead to the development of undesired cracks in the lining. The
last stage of the construction trench excavation is lined with
a separation membrane, with the aim of preventing the transfer
of tangential stress between the rock mass and the concrete tun-
nel lining (see Fig. 3). The membrane has only the separation
function and no rules used for waterproofing membranes are
applicable to it. In terms of the construction work, this requi-
rement places high demands on maintaining the shape of the
trench. In the tender documents, a levelling layer of shotcrete
was proposed for this part of the construction trench. It became
obvious when the bottom of the construction trench bottom had
been reached that the required shape of the trench could never
be achieved, even if the shotcrete levelling layer was applied,
because of the cracking described above and the system of
deterioration of the rock mass during the blasting operations
used for the excavation. For that reason the contractor made the
decision to use special travelling formwork with the length
identical with the length of the formwork for casting of the
lining blocks (see Fig. 4). Cast-in-situ non-reinforced concrete
wedges make adhering to the design shape of the lining in an
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nahlé zmény tlouStky osténi, které by mohly vzhledem
k nerovnomérnému vyvinu hydrataéntho tepla vést ke vzniku
nezadoucich trhlin v osténi. Aby se zamezilo pfenosu tangencial-
niho napéti mezi horninovym masivem a betonem osténi, je
posledni etdz stavebni jamy potaZzena separacni folif (obr. 3). Ta
ma pouze separacni funkci a neplati pro ni pravidla pouzivana pro
hydroizola¢ni f6lii. Z hlediska provadéni klade tento pozadavek
vysoké naroky na dodrzeni tvaru stavebni jamy. V zaddvaci doku-
mentaci byla v této Cdsti stavebni jdmy navrZena vyrovndvaci
vrstva ze stiikaného betonu. Pfi dosaZeni dna stavebni jamy se
ukdzalo, Ze z duvodu popsaného rozpukéni a systému poruseni
horninového masivu pfi odtéZovani pomoci trahcich praci nelze
ani pri nastfiku vyrovnavaci vrstvy stifkaného betonu pozadova-
ny tvar dosdhnout. Proto se rozhodl zhotovitel pouzit specidlni
posuvné bednéni délky shodné s délkou bednéni bloku betondZze
osténi (obr. 4). Vybetonované kliny z prostého betonu umoznuji
optimdlné dodrZet projektovany tvar osténi a sniZuji spotfebu
konstrukéniho betonu osténi. Zaroven stabilizuji posledni lavici
stavebni jamy, kterd je urcena pro pojezd rubového pojizdného
bednéni osténi tunelu.

Ze statického hlediska se jednd o velmi priznivé schéma
podepreni konstrukce. V posledni etdZi stavebni jamy se nacha-
zeji kromé mist s hlubokym zvétranim velmi kvalitni horniny
R2. Vypocet byl proveden pomoci programu NEXIS32, kde byl
okolni materidl modelovén systémem pruZin s vyloucenim tahu.
Tuhost pruzin byla odvozena od tuhosti horninového masivu na
bocich stavebni jamy. Zatimco pro zdsyp stavebni jamy projek-
tant ve statickém vypoctu uvazoval hodnotou koeficientu loz-
nosti k=5 MN/m3, boky tunelu opirajic{ se pfimo o boky sta-
vebni jamy jsou uloZeny do pruZin o tuhosti odpovidajici koefi-
cientu loznosti k=140 MN/m3. V usecich hlubokého zvétrani
byl v posledni etdZi stavebni jamy predpokladan vyskyt hornin
R4-R3 a odpovidajici koeficient loznosti byl v téchto dsecich
uvazovan hodnotou 60 MN/m3. Na rozdil od standardné prova-
dénych osténi hloubenych dseku tunelt zpétné obsypanych po
celém obvodu md tuz3i podepieni boku tunelu za ndsledek
vyrazné priznivéjsi rozd€leni vnitinich sil v osténi. Konstrukce
byla ve statickém vypocltu posouzena na nésledujici zatéZovaci
stavy:

1. Vlastni tiha konstrukce.

. SmrStovan{ betonu s vlivem dotvarovdni.
. Teplotni vlivy — zima.

. Teplotni vlivy — 1éto.

. Zpétny zéasyp — stavebni faze 1.

. Zpétny zéasyp — stavebni faze 2.

. Zpétny zasyp — koneény stav.

Zatézovaci stavy byly sestaveny do kombinaci, kterymi byla
konstrukce zatiZena. Vzhledem k nelinearité feSeni udlohy
s vyloucenim tahu v pruZinich nebylo mozné zatéZovaci stavy
superponovat a vypocet probihal vZdy pro konkrétni nelinedrni
kombinaci zatéZovacich stava, kterd pfi vypo&tu puasobila na
konstrukci nardz.

~N OB W

ZMENA ZPUSOBU ZAJISTENI SVAHU STAVEBNI JAMY

Pfi prohlubovdni stavebni jamy v tsecich, kde se eluvidlni vrst-
vy prakticky nevyskytovaly a horninovy masiv zasahoval az
k povrchu tzemi, dochédzelo kvuli orientaci ploch nespojitosti
vzhledem ke sklonu svahi stavebni jamy k vypadédvani bloka
horniny ve tvaru klini. Fragmentace horniny se pohybovala
v zévislosti na sméru diskontinuit od malych bloku, aZ po bloky
v fddu metru. Vznikld situace vedla kromé vytvareni ,,nadvyru-
bu“ k nezddoucimu zvétSovani objemu zemnich praci a zejména
k ohroZeni bezpeCnosti price. Geolog projektanta realizacni
dokumentace provedl na obnaZenych plochach stavebni jamy ori-
entaéni méfeni sklonu a orientace ploch nespojitosti horninového

optimal way possible and reduce the consumption of structural
concrete for the lining. At the same time, they stabilise the last
bench of the construction trench, which is dedicated to the
movement of the outer travelling formwork for the tunnel
lining.

From the statistical point of view, this is a very favourable
structural support design. There are very good quality rocks R2
in the last stage of the construction trench, with the exception
of locations places affected by deep weathering. The calculati-
on was carried out by means of NEXIS32 program, where the
surrounding material was modelled by a system of springs in
tension cut-off conditions. The stiffness of the springs was deri-
ved from the stiffness of the rock mass on the construction
trench sides. Whilst the construction trench backfill was intro-
duced by the designer into the structural calculation by the
value of the coefficient of subgrade reaction k= 5 MN/m3, the
tunnel sides, leaning directly against the construction trench
sides, are born by springs with the stiffness corresponding to
the coefficient of subgrade reaction k=140 MN/m3. In the deep
weathering sections, R4-R3 rocks were assumed to be encoun-
tered in the last stage of the excavation trench. The correspon-
ding coefficient of subgrade reaction was assumed at
60 MN/m3 in these sections. In contrast with linings of cut-and-
cover tunnels constructed in standard ways with the backfill on
all sides, the stiffer support of the tunnel sides results in signi-
ficantly more favourable distribution of internal forces in the
lining. The structure was assessed in the structural analysis for
the following loading cases:

1. Dead weight of the structure
. Concrete shrinking due to yield
. Temperature-related effects - winter
. Temperature-related effects - summer
. Backfill — construction phase 1
. Backfill — construction phase 2
. Backfill — final condition construction phase

The loading cases were grouped in combinations, which were
applied to the structure. Because of the non-linearity of the pro-
blem solution in tension cut-off conditions it was not possible
to superpose the loading cases and the calculation was always
carried out for a concrete non-linear combination of loading
cases, which acted during the calculation on the structure con-
currently.

~N N0 B W

A CHANGE IN THE CONSTRUCTION TRENCH SLOPES
STABILISATION SYSTEM

Wedge-shaped blocks of rock fell from time to time from the
construction trench sides during the process of deepening the
excavation in the sections where eluvial layers virtually did not
exist and the rock mass reached up to the terrain surface, owing
to the orientation of discontinuity surfaces to the inclination of
the construction trench slopes. The rock fragmentation degree
varied, depending on the direction of discontinuities, from small
blocks up to block sizes in the order of metres. Apart from the
formation of “overbreaks”, this situation led to undesired incre-
asing of the earthwork volume and, first of all, threatening of the
safety of workers. The geologist employed by the author of the
detailed design conducted informative measurements of the dip
and orientation of discontinuity surfaces on the exposed sides of
the construction trench. Results of this measurement proved that
the rock mass is fissured along many surfaces and in many
directions and it is possible to state that the massif slides along
these surfaces toward the construction trench on the western slo-
pes, whilst the fissures dip into the construction trench slope on
the eastern side. Both situations were dangerous in terms of the
stability of the slope. On the western slope, sliding wedge-sha-
ped blocks caused the expansion of local surface instabilities
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masivu. Vysledky méfeni ukdzaly, Ze masiv je rozpukdn v mnoha deeper to the massif. In addition, it was possible to expect,
rovindch a smérech, pfiemZ lze fici, Ze na zdpadnich svazich taking into consideration the directions of the discontinuity sur-
jamy dochazi po téchto plochich k vyjizdéni masivu smérem do faces, that the continuous parting planes would be interrupted
stavebni jamy, zatimco na vychodnim svahu jamy pukliny zapa- and the stability of the trench side would increase. On the eas-
daji do svahu. Obe¢ situace byly z hlediska stability svahu nebez- tern slope with the blocks dipping into the slope, the rock mass
pec¢né. Na zdpadnim svahu dochédzelo vyjizdénim klinovych was disturbed along surfaces approximately perpendicular to the
bloku k $ifenf lokdlnich povrchovych nestabilit hloub&ji do masi- dipping surfaces and lips were formed which had to be pulled
vu. Navic bylo moZzné oCekdvat s ohledem na orientaci ploch down to secure the safety. As a result, the volume of the exca-
nespojitosti pii prohlubovéni stavebni jamy preruSeni prubéznych vated material again increased and the shape of the construction
odlu¢nych ploch a dal§i zvySeni nestability boku jamy. Na trench given by the design was deviated from. For that reason
vychodnim svahu pfi zapaddvani vrstev dochédzelo k poruseni the operations were suspended in April 2010 and the designer
masivu podél ploch pfiblizné kolmych na zapadajici plochy prepared two variants of solving the given situation, which were
a vytvéreni previsu, které bylo nutno v rdmci zajisténi bezped- assessed in terms of the work execution and the amount of
nosti strhnout. Tim opét dochazelo ke zvétSovani objemu vytéZze- investment costs, as well as potential complications for the
ného materidlu a odchyleni se od projektovaného tvaru jamy. maintenance to be performed without stopping the operation.
Proto byly prace v dubnu 2010 zastaveny a projektant vypracoval The objective of the two variants was to secure the required sta-
dvé varianty feSeni vzniklé situace, které byly posouzeny bility of the slope with respect to both the disintegration of the

surface layers of the massif and the potential for the origination
of deep-reaching “shear planes”.

The first variant was based on changing the construction
trench slope — decreasing its gradient. After assessing the
results of the structural analysis of the rock mass, the gradient
of slopes was designed at 50°. But the slopes of the last stage
remained vertical even in this case, with respect to the fact that
the construction of the tunnel using the classical procedure wit-
hout bracing would mean the necessity of enlarging the width
by additional 3 m and increasing the thickness of the lining,
which would completely eliminate this variant economically.
The slopes were stabilised with short (3 m long) rod-type
anchors designed to prevent the disintegration of the surface
layer of the rock mass. The fundamental disadvantage of this
variant was the enormous increase in the volume of earthwork
(excavation and also backfilling).

The second variant left the original shape of the construction
trench according to the tender documents, achieving the incre-
ase in the degree of stability by increasing the length of anchors
to 6 m up to 10 m. The surface of the rock mass was stabilised
with high-strength mesh, capable of holding even larger blocks
being tied back by anchors. The greatest catch of this variant
was the determination (prediction) of the degree of disturbance
of the rock mass along discontinuities. For that reason the pro-
posal was carried out on the basis of numerous measurements
of the dip and orientation of fissures and a subsequent analysis
of the results. A discontinuity dip angle of 50° was determined
by the calculation as critical in terms of the possibility to secu-
re the stability of the rock slope. Under this value, the stability
cannot be achieved by means of 6 m long rod-type anchors and
it is necessary to use 10 m long pre-stressed anchors with 4 m

z hlediska provddéni a z hlediska vySe investi¢nich ndkladu
i moznych komplikaci pfi ddrZzbé za provozu. Cilem obou variant
bylo zajisténi pozadované stability svahu, a to jak s ohledem na
rozpad povrchovych vrstev masivu, tak s ohledem na vznik moz-
nych hlubokych ,,smykovych ploch®.

Prvni varianta vychdzela z presvahovdni stavebni jaimy na
mirnéjsi sklon. Po vyhodnocenf strukturni analyzy horninového
masivu byl sklon svahu navrZzen 50°. I v tomto piipadé vSak
zustaly svahy posledni etdZe stavebni jdmy svislé, nebot prove-
deni tunelu klasickym zpusobem bez rozepieni by znamenalo
roz§iteni stavebni jamy o dal$i cca 3 m a zesileni osténi tunelu,
coz by variantu ekonomicky zcela vyradilo ze hry. Proti rozpa-
du pfipovrchové vrstvy horninového masivu byly svahy stabili-
zovany kratkymi tyCovymi kotvami délky 3 m. Zdsadni nevy-
hodou této varianty bylo enormni navySeni objemu zemnich
praci (vykopu i zpétnych zdsypu).

Druhd varianta ponechédvala puvodni tvar staveni jimy podle
zaddvaci dokumentace a zvySeni stupné stability dosahovala
prodlouzenim kotev na 6 m az 10 m. Plo$né zajisténi povrcho-
vé vrstvy horninového masivu zaji§tovaly vysokopevnostni sité
schopné zachytit po prikotveni i vétsi bloky horniny. Nejveétsim
dskalim této varianty bylo stanoveni prognézy poruseni horni-
nového masivu podél diskontinuit. Proto byl navrh postaven na
zdkladé Cetnych méreni sklonu a orientace puklin a vypracovani
strukturni analyzy horninového masivu. Jako kriticky z hlediska
zajisténi stability skalniho svahu byl vypocten sklon diskonti-
nuity 50°. Pod touto hodnotou jiZ nelze zajistit stabilitu pomoci
tyCovych kotev délky 6 m a je nutno pouzit predpinané kotvy
délky min. 10 m s kofenem délky 4 m.

Na zédklade technicko-ekonomického posouzeni variant byla

pro dalsi sledovéani vybrdna druhd varianta s tim, Ze navrhovany long roots.
zplisob zajistén stavebni jamy bude nejprve in situ vyzkousen The second variant was selected for other follow-up on the
na pokusném dseku jamy délky 30 m. Pokusny dsek byl vybrin basis of a technical-economic assessment. It was decided that
kompetentnimi zdstupci stran zdCastnénych pri vystavbé jako the proposed technique would be first tested in situ on a 30 m
charakteristicky pro geotechnické podminky ocekdvané v dal- long trial section of the construction trench. The trial section
Sich dsecich stavebni jamy. was selected by competent representatives of parties involved
Pro kotvent skalnich svahi byly navrZzeny celozdvitové kotev- in the construction as a section characteristic for geotechnical
nf ty¢e o priméru 32 mm a délky 6 m s tovdrné vyrobenym zdvi- conditions predicted for the other sections of the construction
tem v celé délce kotvy. To umoznilo dotazeni hlavy kotvy trench.
momentovym klicem i po pfipadném vypadnuti ¢asti horniny All-thread anchoring bars 32 mm in diameter, 6 m long, with
pod hlavou kotvy. Rychlé aktivace kotvy se ukdzala jako zdsad- factory-made threads, were proposed for anchoring of the rock
ni prvek povrchové stabilizace horninovych bloku. V pfipadé slopes. Owing to this system it was possible to tighten the
pouziti standardnich kotev se zdvitem pouze na konci kotevni anchor heads with a torque wrench even when a piece of rock
tyCe nebylo moZzné hlavu kotvy aktivovat a v fddu dnd doSlo under the anchor head slips down. The quick activation of the
k postupnému rozevirani diskontinuit a uvolnéni bloku horniny. anchor eventually turned out to be the crucial element of the
Na zdkladé negativnich zkuSenosti navrhl projektant v po- stabilisation of rock blocks on the surface. It was not possible
kusném useku jiny zpusob kotveni. Celozdvitové tyce délky 6 m in the case of using standard anchors with the thread only at the

byly osazovdny do zdlivky EKOMENT RT v délce 5 m. end of the anchoring bar to activate the anchor head and
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Obr. 5 Ochranné sité
Fig. 5 Protective mesh

Posledni metr kotvy byl ponechdn volny, aby bylo moZzné kotvu
aktivovat momentovym kli¢em na hodnotu predpéti 50 kN.
Vnesend normélovd sila zvySila tfeni na pukliné a zamezila
vypadnuti klinu horniny. Tento systém kotveni se v praxi osvéd-
¢il a minimalizoval vyraznym zpusobem vypaddvani klina hor-
niny. Dal8{ zménou oproti puvodnimu ndvrhu byla receptura
zalivky kotev. Puvodni cementovd zédlivka umoZnovala prede-
pnuti az po Case v fadu dnu. Do té doby vSak jiz doslo
k zdsadnimu rozvolnéni horniny po predisponovanych plochach
a rozpadu povrchové vrstvy horniny az na hloubku pres 1 m.
Abychom tomuto zpusobu poruSeni zabrénili, byla pro zdlivku
pouzita smés EKOMENT RT umoznujici aktivaci kotvy po 24
az 30 hodindch. Systémové kotveni bylo v projektové doku-
mentaci navrzeno v ortogonalnim rastru 2,5x2,5 m se Sachovni-
covym uspordddnim, takze vzdjemnd vzdalenost kotev nepresa-
hovala 1,25 m. V porovndni s puvodnim zpusobem kotveni do-
§lo k vypadnuti bloku jen v nékolika pripadech a uvolnénou éast
horniny okamzité zachytila vysokopevnostni dvouzédkrutova sit’
(obr. 5).

Velmi diskutovanym tématem bylo rozpojovani horniny a vliv
trhacich praci na poruSeni horninového masivu a presnost dodr-
Zeni projektovaného tvaru stavebni jamy. Zpocatku provadéné
trhaci prace vedly k silnému rozpukdni svaht stavebni jamy
a podporily rozpad po prirozenych, tektonicky podminénych
diskontinuitach. Seismické d¢inky trhacich praci jsou pravdépo-
dobné jednim z negativnich faktoru, ktery urychlil rozpad povr-
chovych vrstev horniny. V prub€hu ¢asu zhotovitel upravoval
vrtnd schémata a ¢asovani roznétu tak, aby se tyto d¢inky mini-
malizovaly (obr. 6). V souvislosti s minimalizaci seismickych
U¢inku a zejména minimalizace nadvyrubu byla nasazena skal-
ni fréza Vermeer T1255 s motorem Caterpillar o vykonu 447
kW (obr. 7). Vzhledem k pevnosti a abrazivité granodioritu ji
bylo moZzné pouzit pouze ve vyS§§ich partiich stavebni jamy.
I tam vSak vykonala neocenitelné sluzby v oblasti vjezdového
portalu v misté, kde trasu tunelu kfiZuje vedeni vysokého napé-
ti. Vzhledem ke sloZitym majetko-prdvnim vztahim se nepoda-
filo v poZadovaném Case zaridit prelozku vedeni a bez nasazeni
frézy by se prdce v této oblasti musely prerusit. Duvodem je
situovdni sloupu vysokého napé€ti piimo na hran¢ stavebni jamy
(obr. 8). Pomoci frézy doslo k odtéZeni cca 5 m horniny a po
zahloubeni na tuto droven je jiZ mozno pod vedenim pouZit pro
rozpojovani trhaci prace.

Obr. 6 Rozpojovani trhavinami (04/2010)
Fig. 6 Disintegration by means of explosives (04/2010)

discontinuities gradually started to open, releasing a block of
rock during several days. Taking into consideration the negati-
ve experience, the designer proposed another system of ancho-
ring for the trial section. The 6 m long all-thread bars were
inserted into EKOMENT RT grout along the length of 5 m.
The last metre of the anchor was left free so that the anchor
could be activated with a torque wrench to achieve the pre-ten-
sion value of 50 kN. The normal force introduced into the rock
mass increased friction on a crack and prevented the rock
wedge from slipping out. This anchoring system acquitted itself
in practice and significantly minimised slipping of rock blocks
out. Another deviation from the original proposal was in the
formula for the anchoring grout. The original cement grout
allowed the pre-tensioning to be carried out only after a time in
the order of days. But during this time the rock got signifi-
cantly loosened along predisposed planes and the surface layer
of the rock disintegrated to the depth even exceeding 1 m. With
the aim of preventing this way od disturbing, we used EKO-
MENT RT grout, allowing the activation of anchors after 24 to
30 hours. The anchoring system was proposed in the design to
be carried out in an orthogonal grid 2.5 m x 2.5 m, in a diamond
pattern, which means that the spacing between anchors did not
exceed 1.25 m. In comparison with the original way of ancho-
ring, a rock block slipped out only in several cases and the loo-
sened part of rock was immediately restrained by the high-
strength double twisted mesh (see Fig. 5).

Obr. 7 Skalni fréza
Fig. 7 Rock trencher




Obr. 8 StoZdr VN na hrané jamy
Fig. 8 High-tension line pole at the pit edge

TUNELOVE DRENAZE, VYZTUZ A BETONAZ
DEFINITIVNIHO OSTENI

Po prekondni problému se zajisténim stability stavebni jamy se
mohly kone¢né rozjet stavebni prace na provadéni drendzniho
systému, vyztuZovéani a betonazi definitivniho osténi. I kdyZ se
jednd o hloubeny tunel, jsou pfi provddéni pouZity nékteré prvky
zndmé spiSe z provadéni definitivniho osténi razenych dseku tune-
14. Jednim z nich je provadéni systému bo&nich tunelovych drena-
7i. Vzhledem k rozepreni boki tunelu o sténu stavebni jamy bylo

sv

nutné pred betondzi patek a klenby ostén{ provést osazeni bo¢nich
tunelovych drenazi. ProtoZe jejich obsyp zdroven tvoril rubové
bednéni tunelové patky, bylo nutné misto Stérku pouZit mezerovity
beton (obr. 9). ProtoZze na rozdil od raZenych dseku tuneli je
v hloubeném tunelu propojena vyztuz patky s vyztuZi klenby, bylo
nutné drendZe osazovat pred betondzi patek. Vybetonovanim patek
vznikla pojezdovéd plocha pro masivni bednici viz umoZiujici
betondZ bloku délky 10 m. Vzhledem k absenci hydroizola¢ni f6lie
jsou spary mezi bloky betondZe tésnény pomoci vnitfnich té€snicich
pésu $itky 320 mm (obr. 10). Na kvalité jejich provedeni a na kva-
lit€ betonu zavisi vodonepropustnost osténi a s ni spojend Zivotnost
tunelu. Pfi délce 590 m lze totiz ofekdvat promrzéni v celé délce
konstrukce a piipadné prusaky by mohly zpusobit poskozeni kon-
strukce.

Z hlediska harmonogramu vystavby hraje u hloubeného tunelu
zdsadni roli i betondZ osténi. Na rozdil od raZeného tunelu, kdy
k odbednéni klenby dochézi po 14 az 18 hodinéch, je v pripadé hlou-
beného tunelu tato doba prodlouZena na cca 48 hodin. Montdz vyztu-
Ze probihd u hloubenych tunelt standardné na plasti bedniciho vozu,

Obr. 10 Spdrovy pds
Fig. 10 Waterstop
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Obr. 9 Bocéni tunelovd drend?
Fig. 9 Tunnel side drainage

A highly discussed topic was the process of rock disintegra-
tion and the impact of blasting operations on the disturbance to
the rock mass and the accuracy adhering to the design shape of
the construction trench. The blasting operations which were
carried out at the beginning led to heavy cracking of the con-
struction trench slopes and contributed to the disintegration
along natural, tectonically conditioned, discontinuities. Seismic
effects induced by blasting operations are probably one of the
main negative factors which accelerated the disintegration of
the surface layers of the rock. During the time, the contractor
adjusted the drill patterns and blast timing with the aim of mini-
mising these effects (see Fig. 6). A Vermeer T1255 rock tren-
cher with a 447 kW Caterpillar engine (see Fig. 7) was applied
in the context of the minimisation of seismic effects and, first
of all, minimisation of overbreaks. Because of the strength and
abrasivity of the granodiorite, this machine was suitable only
for the higher parts of the construction trench. Nevertheless, it
provided an invaluable service, especially in the area of the ent-
rance portal, in the location where the tunnel route is crossed
over by a high-tension line. Because of complicated ownership
relationships the attempts to arrange diverting of the line in the
required time failed and the operations in this area would have
to be suspended without the application of the trencher. The
reason is the fact that a power-transmission pole was located
directly at the edge of the construction trench (see Fig. 8).
About 5 m thick layer of rock was excavated using the trencher.
After the excavation reached this level, it started to be possible
to disintegrate the rock by blasting.

TUNNEL DRAINAGE, FINAL LINING CONCRETE REIN-
FORCEMENT AND CASTING

Once the problems about securing the stability of the con-
struction trench had been overcome, it was finally possible to
start the work on the drainage system installation of the conc-
rete reinforcement and casting of the final lining. Even though
this is the case of a cut-and-cover tunnel, some elements used
during the construction are rather known from the construction
of final linings of mined sections of tunnels. One of them is the
system of side drains along tunnels. Taking into consideration
the bracing of tunnel sides against the construction trench side,
the side drains had to be installed before the casting of footings
and the lining vault. Since the packing of the drains at the same
time acted as the outer formwork for the tunnel footings, it was
necessary to use porous concrete instead of gravel for the pac-
king (see Fig. 9). Because, in contrast with mined sections of
tunnels, the reinforcement of footings and tunnel vaults is inter-
connected in the cut-and-cover tunnel, the drainage had to be



Obr. 11 Stykovdni ramii samonosné vyztuZe
Fig. 11 Joining the components of self-supporting girders

coZ pracovni cyklus déle prodluzuje. U kratkych dseka hloubenych
tunelu nehraje tato skuteCnost tak vyznamnou roli. V pripadé
Votického tunelu s 59 bloky betondZe se jiz jedna o prodlouZeni
doby vystavby a7 v fddu mésici. Na navrh projektanta je proto
vyztuz tunelu navrZzena jako samonosnd, coZ je metoda pouzivana
u definitivniho osténi raZenych dseku tunelu. NavrZzeny zpusob
vyztuZovani zcela eliminuje blokovan{ bednéni pro montaz vyztu-
7e. Formu je mozZno presunout ihned po odbednéni k jiZ priprave-
né samonosné vyztuZi a betondz zahdjit ihned po spravném geo-
metrickém ustaveni bednéni. Samonosnd vyztuz vyzaduje pouZiti
tuhych rama, které tvoii nosnou kostru a na které je pak nésledné
navazovana dalsi vyztuz (obr. 11). Zhotovitel se rozhodl vyztuzeni
provadet z prutové vyztuze. S ohledem na vodonepropustnost osté-
ni a omezeni vzniku trhlin je nutno volit mensi profily vyztuze
s mensi rozte¢i prutd.

Vodonepropustné osténi vyzaduje pouziti betonové smeési
s nizkym vyvinem hydratacniho tepla a kvalitniho tuhého bedné-
ni s moznosti vibrovani. Vnitini bednéni tvori pojizdny ocelovy
most, na jehoz plasti jsou osazeny prilozné vibratory. Vnitini vib-
ratory lze do smési nasadit okny pro betondZ v plasti bedniciho
vozu. Vngjsi bednéni tvori rovnéZ pojizdnad ocelova konstrukce
s pojezdem na prvni lavici nade dnem stavebni jamy (obr. 12).
Navrzené technické reSeni umoznuje proudovy postup vystavby,
kde za téZenim a zajiStovdnim svahu stavebni jamy ndsleduje
betonaz podkladnich betont, osazovani drendZ{, betonaZ patek,
montdz vyztuze a betondz klenby tunelu (obr. 13). Standardni
tunelové pasy délky 10 m jsou navrZeny z betonu C25/30 XC2,

Obr. 12 Vnejsi bednéni
Fig. 12 Outer formwork

TuouHel

placed before the footings were cast. The casting of footings
gave rise to a surface serving as a track for the massive travel-
ling formwork unit allowing 10 m long blocks to be cast. With
respect to the absence of a waterproofing membrane, joints bet-
ween casting blocks are sealed with 320 mm wide inner water-
stops (see Fig. 10). The waterproofing capacity of the lining as
well as the length of the tunnel service life associated with it
depend on the quality of the joint sealing and quality of conc-
rete. At the length of 590 m it is possible to expect that freezing
will affect the whole tunnel length and contingent seepage
could cause damage to the structure.

As far as the works schedule is concerned, the casting of the
concrete lining plays one of major roles in the case of cut-and-
cover tunnels. As opposed to a mined tunnel, where the form-
work is stripped from the vault after 14 to 18 hours, this time,
in the case of a cut-and-cover tunnel, it extended to about 48
hours. Concrete reinforcement in the case of cut-and-cover tun-
nels is placed in a standard way, on the jacket of travelling
formwork. This operation further extends the working cycle.
This fact is not so important where short cut-and-cover tunnels
are concerned. In the case of the Votice tunnel comprising 59
casting blocks, the extension of the construction time would be
in the order of months. For that reason, on proposal of the
designer, the tunnel concrete reinforcement is designed as
a self-supporting structure, which is the method applied to final
linings in mined tunnel sections. The proposed method of rein-
forcing completely eliminates the need of formwork for the
installation of reinforcement. Formwork can be shifted imme-
diately after stripping to the self-supporting reinforcement pre-
pared in advance and casting can commence immediately after
correct geometrical setting of the form. The self-supporting
reinforcement system requires rigid frames to form a load-bea-
ring skeleton, which the other reinforcement elements are sub-
sequently tied to (see Fig. 11). The contractor decided to use
reinforcement bars for the structure. Taking into consideration
the waterproofing capacity of the lining and the requirement for
limiting the development of cracks, it is always necessary to
select smaller reinforcement diameters and narrower spacing of
the bars.

A watertight lining requires concrete mix with low generati-
on of hydration heat and good quality, rigid formwork allowing
the application of vibrators to be used. The inner formwork
consists of a travelling steel gantry with external vibrators

Obr. 13 Proudovy zpiisob vystavby
Fig. 13 Streamlined construction system




Obr. 14 Tunely v zime
Fig. 14 Tunnels in winter

XF1 s povolenou hloubkou prusaku vody 35 mm. Portdlové pasy,
které jsou vice exponované a primo vystavené klimatickym vli-
vam, jsou navrZeny z betonu C30/37 XC2, XF3 s povolenou
hloubkou prasaku vody 25 mm. Za betondZi klenby ndsleduje
betonaZ kabelovodu, chodniku a vnitfniho vybaveni tunelu. Pfed
zahdjenim provozu v tunelu dojde k provedeni zpétnych zdsypu
a navrdcen{ alespon &ésti dzemi ve stope nové trasy Zeleznice do

puvodniho stavu.

ZAVER

Vystavba Votického tunelu byla zahdjena koncem roku 2009.
Provddéni hloubenych tuneld bylo dlouhou dobu povaZzovadno
v porovnani s razenymi tseky tunelt za néco ménécenného ¢&i rutin-
niho. Priklad Votického tunelu ukazuje, jak v pripadé dlouhého
hloubeného tunelu muze zména geotechnickych podminek vystavbu
zkomplikovat jak technicky, tak Casové a ekonomicky. Hleddni
nového technického feSeni pak probiha pri vystavbé za obrovského
tlaku na obnoveni docasné zastavené, nebo omezené stavby.

Zcela ojedinéld byla moZnost ovéfeni nového zpusobu zajis-
tén{ stability skalnich svahti na pokusném tseku délky 30 m,
kterd se podarila pouze diky osvicenému pristupu a na navrh
zdstupce SZDC. Diky tomuto piistupu bylo mozné vyzkouset
vSechny pripadné prvky zajisténi stability jamy v redlnych pod-
minkdch stavby a zku$enosti aplikovat pfi zpracovani provade-
ciho projektu. PouZitim atypickych projek&nich ndvrhu a sta-
vebnich postupt lze docilit optimalizace dimenzi konstrukce
i ziskat Cas ztraceny komplikaci s odliSnymi geotechnickymi
podminkami a novym ndvrhem zajisténi stability jamy. Pri
dimenzovani osténi byly pouZity vypocty s vyuZitim nelinedrni-
ho materidlového modelu betonu, které umoznily dosahnout
i u hloubeného tunelu dspor vyztuze.

Ze podminky pro vystavbu nejsou vzdy idedlni, ukazuje idy-
licky obrazek z letoSni zimy (obr. 14). Investorem stavby je
SZDC Stavebni sprava Praha. Tunel pro sdruZeni VoBen stavi
firma Hochtief CZ na zédklad¢ realizaéni dokumentace zpraco-
vané firmou IKP Consulting Engineers a prvni vlak s ces-
tujicimi projede tunelem dne 25. 11. 2011.

ING. LIBOR MARIK , libor.marik @ikpce.com, IKP
CONSULTING ENGINEERS, s.r. o.

Recenzoval: Ing. Pavel Sourek

LITERATURA / REFERENCES

Archiv spolec¢nosti IKP Constulting Engineers, s. 1. 0.

20. rocnik - €. 4/201

mounted on its jacket. Immersion vibrators can be installed
through casting gates in the traveller formwork jacket. The
outer shell of the formwork is also formed by a travelling steel
structure, which moves on the first bench above the bottom of
the construction trench (see Fig. 12). The technical solution
proposed by the designer allows a streamlined system to be
applied, where the construction trench excavation and slope
stabilisation operations are followed by pouring of blinding
concrete, installation of drains, casting of footings, installation
of reinforcement and casting of the tunnel vault (see Fig. 13).
Standard 10 m long concrete casting blocks are designed in
C25/30 XC2, XF1 concrete with the permitted water penetrati-
on of 35 mm. The portal blocks, which are more exposed and
directly influenced by climatic effects, are designed C30/37
XC2, XF3 concrete with the permitted water penetration of
25 mm. After the casting of the vault, the concrete cableways
and walkways is cast and the inner equipment of the tunnel is
installed. Before the tunnel is opened to traffic, the structure is
backfilled and at least a part of the area along the footprint of
the new railway route is reinstated.

CONCLUSION

The Votice tunnel construction started at the end of 2009.
Constructing cut-and-cover tunnels used to be considered for
a long time as something inferior or routine in comparison with
mined sections of tunnels. The example of the Votice tunnel
shows how a change in geotechnical conditions of construction
can complicate the works in terms of both the time and econo-
my in the case of a long cut-and-cover tunnel. Subsequent see-
king a new technical solution proceeds during the construction,
under an immense pressure on recommencing the temporarily
suspended or restricted construction work.

The possibility of verifying the new method of stabilising the
rock slopes on the 30 m long testing section was absolutely uni-
que. It was organised only owing to the enlightened approach
and on proposal of the representative of the Railway Infra-
structure Administration. Thanks to this approach, it was pos-
sible to verify all stabilisation system elements being under
consideration in realistic in-situ conditions and apply the expe-
rience during the work on the detailed design. It is possible to
achieve the optimisation of dimensions of the structure and
recover the time lost due to the complication with differing
geotechnical conditions and with the new proposal for the con-
struction trench stabilisation system. The calculations using
a non-linear material model of concrete were applied when
dimensions of the lining were being determined. Owing to them
it was possible to achieve savings in the reinforcement even on
the cut-and-cover tunnel.

The fact that conditions for construction work are not always
ideal is documented in an idyllic picture taken this year during
winter (see Fig. 14). The project owner is the Railway
Infrastructure Administration, state organisation, Civil Engi-
neering Administration Prague. The tunnel is being construc-
ted for the VoBen consortium, the contractor, by Hochtief CZ,
the tunnelling sub-contractor, on the basis of the detailed
design prepared by IKP Consulting Engineers; the first train
with passengers will pass through the tunnel on 25th No-
vember 2011.

ING. LIBOR MAéiK, libor.marik@ikpce.com, IKP
CONSULTING ENGINEERS, s. r. 0.
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TUNEL CHOTYCANY - VARIANTY TECHNICKEHO RESENI
A ZPUSOBU RAZBY NEJDELSIHO ZELEZNICNIHO TUNELU
NA IV. KORIDORU

CHOTYCANY TUNNEL - VARIANTS OF THE TECHNICAL
SOLUTION AND OF THE TECHNIQUE OF DRIVING
THE LONGEST RAILWAY TUNNEL ON CORRIDOR IV

PETR LAPIS, LIBOR MARIK

uvob

Vyznam tranzitnich Zelezniénich koridort pro zaélenéni nasi
republiky do evropské dopravni infrastruktury je dnes jiz kaz-
dému zfejmy a neni tieba jej zvld§té zduraznovat. I kdyz reli-
éf dzemi v naSich podminkdch nelze srovndvat s alpskymi
zemémi, pro zaji§téni pozadovanych parametra traté, které
ovliviuji jak rychlost, tak energetickou ndro¢nost Zelezni¢ni
dopravy, je vystavba tuneld nezbytna. Ctvrty Zelezniéni kori-
dor tvori spolu se severni vétvi prvniho koridoru severo-jizni
dopravni osu a umoziuje propojit pfes nase dzemi Némecko
s Rakouskem. Na jedné trase se tak ocitnou tak vyznamnd
mésta, jako jsou Berlin, Drazdany, Praha, Ceské Bud¢jovice
a Linec. Po kompletnim dokonceni koridoru nabidne Zeleznice
velmi atraktivni ekologicky a v porovnani se silni¢ni dopravou
i vyrazné bezpednéjsi zpusob osobni i ndkladni dopravy. Podle
usneseni vlddy CR &. 885/2005 ze dne 13. 7. 2005 je termin
dokonceni modernizace IV. tranzitniho Zelezni¢niho koridoru
stanoven na konec roku 2016. Trasa z Prahy na stdtni hranici
CR/SRN v celkové délce 187,3 km je rozdélena do 12 trato-
vych tseku, které jsou postupné modernizovdny. V soucasné
dobé je jiz 92 km uvedeno do provozu a na tratovém tseku
Votice — BeneSov u Prahy délky 18,4 km pravé probiha vystav-
ba 5 tunelt v celkové délce 2678 m. K technicky i ekonomicky
nejnaro¢néjiimu patii tratovy tisek ¢. 4203 Nemanice — Sevé-
tin, na kterém se nachdzeji dva dlouhé tunely Hosinsky (3120
m) a ChotyCansky (4810 m). Prave technické feSeni del$iho
z obou tuneld, ktery je zdroven nejdel$im projektovanym tune-
lem na IV. tranzitnim koridoru, je predmétem tohoto ¢lanku.

GEOTECHNICKE POMERY V TRASE TUNELU

Zajmové tzemi lezi na rozhrani tfebonské a cEesko-
budéjovické kotliny. Obé kotliny jsou charakteristické svym
plochym pédnevnim reliéfem s nevyraznymi elevacemi a te-
rénnimi depresemi a od sebe je oddéluje vyrazna morfologic-
ka linie hrbetu krystalinickych hornin oznacovand jako
LiSovsky prah. Souc¢asnou modelaci znaén¢ ovlivnila slozita
zlomova tektonika a dale sedimentace kvartérnich, eolickode-
luvidlnich, deluvidlnich a fluvidlnich sedimentt. Dnesni reli-
éf je vysledkem selektivni eroze a denudace. Povrch terénu se
generelné svaZuje asi v prvni tretiné smérem k zdpadu az
severozdpadu smeérem k udoli Vltavy. Zbyvajici ¢dst tzemi
ma generelni sklon terénu smérem k jihovychodu az vychodu,
smérem k fece LuZnici.

Tunel ChotyCany se nachazi pod plochym pdnevnim relié-
fem s nevyraznymi elevacemi vychodné od obce Dobrejovice.
Trasa tunelu prochdzi metamorfovanymi horninami moldanu-
bika (jemnozrnnymi az stfedné zrnitymi pararulami misty

INTRODUCTION

The importance of railway corridors for the incorporation of
our republic into the European transport infrastructure is today
clear to everybody and does not need special emphasising. Even
though the relief of our country in our conditions cannot be
compared with Alpine countries, constructing tunnels is neces-
sary for achieving of required parameters of the alignment
affecting both the speed and the energy demands of railway
transport. Railway Corridor IV, together with the northern
branch of the first corridor, forms the north-southern transport
axis, making the connection between Germany and Austria pos-
sible. There will be such important cities along one route as
Berlin, Dresden, Prague, Ceské Budéjovice and Linz are. When
the corridor is completely finished, the railway will offer very
attractive environmentally friendly solution for personal and
freight transport, which will be at the same time significantly
safer in comparison with road transport. According to the
Decree of the Czech government No. 885/2005 dated 13 July
2005, the completion date for the modernisation of the Railway
Transit Corridor IV is set for the end of 2016. The 187.3 km
long route from Prague to the border between the CR and the
FRG is divided into 12 track sections, which are being gradual-
ly modernised. At the moment, 92 km have been brought into
service and, on the 18.4 km long track section between Votice
and BeneSov u Prahy, there are currently 5 tunnels under con-
struction at the aggregate length of 2,678 m. One of the techni-
cally and economically most demanding sections is the track
section No. 4203 between Nemanice and Sevétin, containing
two long tunnels: the Hosin tunnel (3,120 m) and ChotyCany
tunnel (4,810 m). This paper deals with the technical solution
for the longer of the two tunnels, which is, at the same time, the
longest tunnels designed for the Transit Corridor IV.

GEOTECHNICAL CONDITIONS ALONG
THE TUNNEL ROUTE

The area of operations is located at the border between the
Treboni Basin and Ceské Budé&jovice Basin. Both basins are
typified by their flat basin relief with indistinct elevations and
terrain depressions. They are separated by a marked morpholo-
gical line formed by the crest of crystalline rocks referred to as
the LiSov Threshold. The current modelling was significantly
affected by complex fault tectonics and the sedimentation of
Quaternary, aeolian-deluvial, deluvial and fluvial sediments.
Today’s relief is the result of selective erosion and denudation.
The terrain surface generally descends, in the approximately
first third, toward the west to north-west, in the direction of the
Vltava River valley. The terrain in the remaining part of the area
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Obr. 1 Vzorovy pri¢ny rez dvoukolejnym tunelem se spodni klenbou
Fig. 1 Typical cross-section through a double-track tunnel with an inverted arch

lokdlné zbridli¢natélymi), hlubinnymi vyvielymi horninami
Sevétinského granodioritu a pri vyjezdovém portdlu mohou byt
v hloubené ¢dsti tunelu zastizeny i silné zvodnélé jilovitopis-
Cité a piscitojilovité sedimenty svrchni kiidy a horniny klikov-
ského souvrstvi. V oblasti vjezdového portdlu je mozno oce-
kéavat sedimenty, resp. poloskalni horniny mydlovarského sou-
vrstvi (max. 3 m mocné pis¢ité jily az slabé stmelené piscité
jilovce az jilovité piskovce). Tunel prochdzi severné nad obci
Chotyc¢any a koné&i jihovychodné od obce Vitin. Vyska nadlo-
z{ nad TK se pohybuje od 15 do 77 m. Povrch dzemi je
v soucasnosti zemédélsky vyuZivdn a na ¢dsti izemi jsou lesni
porosty a louky.

VEDENI TRASY A VAZBA NA OBJEKTY V NADLOZ{

Tratovy tsek Nemanice — Sevétin na severu navazuje na
stavbu 4204/ Sevétin — Horusice a na jihu na stavbu 4202
Ceské Bud&jovice — Nemanice. Trat’ je navrhovana jako dvou-
kolejnd s osovou vzdalenosti 4 m a tratovou rychlosti 130
km/h az 160 km/h. Smérové i vy§kové vedeni trasy umoznuje
v budoucnu v nékterych dsecich pripadné zvySeni rychlosti az
na 200 km/h., coZ je na koridorovych stavbdch spiSe nadstan-
dardni feSeni 200 km/h.

Zvl1astni konstrukéni feSeni vyZzaduje dsek v prostoru sever-
niho portdlu v mist¢ mimourovinového kiizeni traté s ddlnici
D3 v iiseku Sevétin — Borek, ktery bude pravdépodobné reali-
zovan diive neZ Zelezniéni trat. Po dohodé se zdstupci RSD
CR bude vybudovén v piedstihu pfed vystavbou Zeleznice spo-
le¢né s planovanym rozsifenim délnice specidlni objekt, ktery
umozni podchod Zeleznice v misté roz§iteni ddlnice bez preru-
Senf provozu. Pujde o specialni mostni konstrukci skrytou do
nasypového dalni¢niho télesa. Pod stavajici provozovanou dal-
nici v8ak vzhledem k vy$kovému feSeni obou tras v miste kii-
Zeni nebude mozné tunelem podejit bez preruSeni provozu.
Dilnici bude nutné pri vystavbé tunelu svést na jiz podchyce-
né teleso a po vystavbé a zasypdni tunelu opét prevést do
puvodni stopy. Za kiiZzenim s délnici je tunel ddle navrZzen
v oteviené stavebni jamé, nebot’ vyska nadloZi nedovoluje
tunel razit.

oy

Obr. 2 Vzorovy pricny fez dvoukolejnym tunelem bez spodni klenby
Fig. 2 Typical cross-section through a double-track tunnel without an inver-
ted arch

generally descends in the south-eastern to eastern direction
toward the LuZnice River.

The ChotyCany tunnel is located east of the village of
Dobrejovice, under the flat basin relief with insignificant eleva-
tions. The tunnel route passes through Moldanubic metamorp-
hic rocks (fine grained up to medium grained paragneiss, local-
ly affected by schistosity), the Sevétin igneous granodiorite and,
at the exit portal, in the cut-and-cover tunnel section, even hea-
vily water-bearing Upper-Cretaceous clayey-sandy and sandy-
clayey sediments and the Klikov Formation will be encounte-
red. In the entrance portal area, it is possible to expect sedi-
ments or semi-rock ground of the Mydlovary Formation (sandy
clay up to weakly cemented sandy clay up to clayey sandstone
layers maximum 3 m thick). The tunnel runs north of the villa-
ge of Chotycany and ends south-east of the village of Vitin. The
height of the overburden above the top of rail ranges from 15 m
to 77 m. The terrain surface has been exploited for farming and
a part of the area is covered by woods and meadows.

TRACK ALIGNMENT; RELATIONSHIP TO STRUCTURES
ABOVE THE TUNNEL

The Nemanice — Sevétin track section links the Sevétin —
Horusice section, construction lot No. 4204/1, in the north and
the Ceské Budéjovice — Nemanice section, construction lot No.
4202, in the south. The route is proposed to have two tracks,
with the distance between track centres of 4 m and the speed
limit over the track of 130 km/h up to 160 km/h. The horizon-
tal alignment and vertical alignment allow the speed to be inc-
reased up to 200 km/h in some sections, which solution is rat-
her above-standard on some Corridor stretches.

The section in the area of the northern portal in the location
of the grade-separated intersection of the rail line with the D3
motorway in the Sevétin — Borek section, which probably will
be constructer earlier than the railway track, requires a special
structural solution. According to the agreement concluded with
representatives of the Road and motorway directorate of the
Czech Republic, a special structure allowing the passage under
the location where the planned enlargement of the width will be
carried out will be constructed in advance of the construction of
the rail track, concurrently with the enlargement of the motor-
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Tab. 1 Porovndni variant z hlediska teoretické plochy vyrubu pro rychlost do 230 km/h

Table 1 Comparison of variants in terms of the theoretical excavated cross-sectional area for the speed of up to 230 km/h

Varianta Teoreticka plocha vyrubu [m?]
Variant Theoretical excavated cross-sectional area [m?]
Jedna kolej Dvé koleje Porovnani
Single-track Double-track Comparison
David NRTM do 230 km/h, spodni klenba / David, NATM, up to 230 km/h, inverted arch 86 172 164 %
David NRTM do 230 km/h, patky / David, NATM, up to 230 km/h, footings 75 150 143 %
David TBM do 230 km/h / David, TBM, up to 230 km/h 75 150 143 %
Golias NRTM do 230 km/h, spodni klenba / Golias, NATM, up to 230 km/h, inverted arch - 121 115 %
Golias NRTM do 230 km/h, patky / Golias, NATM, up to 230 km/h, footings - 105 100 %

Tab. 2 Porovndni variant z hlediska teoretické plochy vyrubu pro rychlost do 160 km/h

Table 2 Comparison of variants in terms of the theoretical excavated cross-sectional area for the speed of up to 160 km/h

Varianta Teoretickd plocha vyrubu [m?]
Variant Theoretical excavated cross-sectional area [m?]
Jedna kolej Dvé koleje Porovnani
Single-track Double-track Comparison
David NRTM do 160 km/h, spodni klenba / David, NATM, up to 160 km/h, inverted arch 78 156 153 %
David NRTM do 160 km/h, patky / David, NATM, up to 160 km/h, footings 69 138 135 %
David TBM do 160 km/h / David, TBM, up to 160 km/h 72 144 141 %
Golias NRTM do 160 km/h, spodni klenba / Golias, NATM, up to 160 km/h, inverted arch - 118 116 %
Golias NRTM do 160 km/h, patky / Golias, NATM, up to 160 km/h, footings - 102 100 %

Porovndni objemu vyrubu pro jednotlivé varianty ukazuje graf na obrdzku 5.

The comparison of the excavated volume for individual variants is shown in the chart in Figure 5.

DVOUKOLEJNY TUNEL, NEBO DVA JEDNOKOLEJNE
TUNELY?

Pfi ndvrhu tunelu v poéate¢nich stupnich projektové doku-
mentace je nutno vzdy velmi peclivé zvazovat koncepci
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way width, without interrupting the traffic. It will be a special
bridge structure hidden in the motorway embankment.
Nevertheless, with respect to the vertical alignments of both
routes in the crossing location, the passage of the tunnel under
the existing operating motorway will not be possible without
interrupting the traffic. During the course of the tunnel con-
struction, the motorway will have to be diverted to the previ-
ously underpinned embankment. When the tunnel structure is

Obr. 3 Vzorovy pri¢ny fez konvenéné raZenym jednokolejnym tunelem
Fig. 3 Typical cross-section through a conventionally driven single-track tunnel

Obr. 4 Vzorovy priény rez jednokolejnym tunelem razenym pomoci TBM
Fig. 4 Typical cross-section through a TBM-driven single-track tunnel
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Porovnani variant — objem vyrubu (tis. m)
Comparison of variants - excavation volume in thousands of m3

completed and backfilled,
the motorway will be relo-
cated to the original align-
ment. Beyond the crossing
with the motorway, the tun-
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nel is further designed to be
built in an open trench
because the overburden
height does not allow the
tunnel to be driven.

DOUBLE-TRACK
TUNNEL OR A PAIR OF
SINGLE-TRACK
TUNNELS?

When initial stages of
a tunnel design are being
prepared, it is always neces-
sary to pay very careful
attention to the concept of

1l

David - NATM  David - TEM David - NATM  David - TBM
230 kmih 230 kmih 160 kmih 160 km/h

the technical solution. In the
case of a nearly 5 km long
tunnel a question comes for-

Golids - NATM  Golias - NATM
230 km/h 160 km/h

Obr. 5 Graf porovndni variant z hlediska objemu vyrubu
Fig. 5 Chart of the comparison of variants in terms of the excavated volume

technického feSeni. V pripadé tunelu délky témer 5 km se
nabiz{ otdzka, zda je vyhodnéjsi smerové rozdélend varianta
dvou jednokolejnych tunelu, nebo tunelu dvoukolejného pro
vedeni protismérného provozu v jedné tunelové troubé. Pri
rozhodovani nehraje roli pouze technicko-ekonomické po-
rovndni vlastnich tunela, ale i zohlednéni investi¢nich a pro-
voznich ndkladu souvisejicich objekta. Jedna se predev§im
o splnéni pozédrnébezpe&nostnich pozadavki z hlediska
zajisténi dnikovych cest, ndstupnich ploch jednotek integro-
vaného zdachranného systému (IZS), prijezdovych komunika-
ci, zajisténi zdroje vody pro haSeni v pfipadé pozaru atd.
Podrobnéj$imu zpracovani projektové dokumentace proto
investor vénoval ndleZitou pozornost a predchdzela mu stu-
die variant pracovné oznaCovanych jako ,,David“ a ,,Golids".
Varianta ,,David® predstavovala technické reSeni dvou jed-
nokolejnych tuneli a jeji jméno odpovidalo mensi plose
vyrubu. Varianta ,,Golid$“ oznacovala dvoukolejny tunel
s vetsi plochou vyrubu. Vzorové fezy dvoukolejného tunelu
se spodni klenbou a na patkdch ukazuji obrazky 1 a 2.
Varianta ,,David* se ddle délila podle zptisobu razby pomoci
TBM a NRTM. Vzorové fezy pro obé varianty ukazuji
obrazky 3 a 4.V pripadé varianty ,,Golia§* se pocitalo vzhle-
dem k velikosti profilu tunelu pouze s konvencni razbou.
Dalsim sledovanym parametrem, ktery pocet variant dale
zvySoval, byla ndvrhova rychlost. Jak jiZz bylo feceno, sta-
vebné umoznuji nékteré dseky trati dosahovat rychlosti az
200 km/h. Tunely navrZené na standardni rychlost 160 km/h
by v trase predstavovaly prvek, ktery by do budoucna para-
metry traté degradoval. Ceskd norma na projektovani
a provadéni Zelezni¢nich tuneld sice hovofi o poZadované
Zivotnosti tunelu 100 let, jednd se vSak pouze o Zivotnost
nevymenitelnych &asti tunelu, nikoli o Zivotnost ,,mordlni*,
kterd by pri ndvrhu technického FeSeni zohlednovala progné-
zu vyvoje zelezni¢ni dopravy i s ohledem na predpoklddané
ndvrhové rychlosti. Pistovy efekt vlakovych souprav
a zvySovani tlaku vzduchu s narustajici rychlosti vede k nut-
nosti zvétSeni svétlého profilu tunelu. V této souvislosti byl

ward whether the variant

comprising two single-track

tunnels with the traffic
directions separated or a double-track tunnel carrying traffic in
the bi-directional operation through one tunnel tube is more
advantageous. When the decision is being made, the technical-
economic comparison of the tunnels themselves is not the only
criterion. Investment costs and operating costs to be incurred
due to associated structures have also to be taken into conside-
ration. Among those, there are, first of all, the necessity to meet
fire safety requirements as far as escape routes, mustering areas
for the Integrated Rescue System units, approach roads or fire
water sources necessary in the case of a fire are concerned. This
was why the project owner paid due attention to more detailed
work on the design, which was preceded by conducting a study
of variants, which were marked for the working purposes as
“David” and “Golias” (Goliath). The “David” variant represen-
ted a technical solution for two single-track tunnels. Its name
corresponds to the smaller excavated cross-sectional area. The
“Golids” variant was for a double-track tunnel with a larger
excavated cross-sectional area. Typical cross-sections for the
double-track tunnel with an invert and footings are presented in
Figures 1 and 2. The “David” variant was further divided accor-
ding the excavation technique using a TBM or the NATM.
Typical cross-sections for the two variants are shown in Figures
3 and 4. A conventional excavation method was the only met-
hod counted with for the “Golid$” variant. Another parameter
taken into consideration, which further increased the number of
variants, was the design speed. As mentioned above, the struc-
tural design of some track sections allows the speed of up to 200
km/h to be reached. Tunnels designed for the standard speed of
160 km/h would become an element on the route which would
degrade the track parameters in the future. On the one hand, the
Czech standard for designing and construction of railway tun-
nels speaks about the required design life of 100 years, on the
other hand, this is the durability of non-replaceable parts of the
tunnel, not the “moral” lifetime, which would allow for the pro-
gnosis for the development of railway transport even with res-
pect to the expected design speed, while preparing the technical
solution. The piston effect of trains and increasing of the air
pressure with the increasing speed leads to the necessity for
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Tab. 3 Porovndni variant z hlediska objemu betonu def. osténi pro rychlost do 230 km/h
Table 3 Comparison of variants in terms of the final lining concrete volume for the speed of up to 230 km/h

Varianta Objem betonu [m?] pro blok betonaze 12 m
Variant Volume of concrete [m3] for a 12 m long casting block
Jedna kolej Dvé koleje Porovnani
Single-track Double-track Comparison
David NRTM do 230 km/h, spodni klenba / David, NATM, up to 230 km/h, inverted arch 192 384 307 %
David NRTM do 230 km/h, patky / David, NATM, up to 230 km/h, footings 115 230 184 %
David TBM do 230 km/h / David, TBM, up to 230 km/h 122 244 195 %
Golias NRTM do 230 km/h, spodni klenba / Golias, NATM, up to 230 km/h, inverted arch - 202 161 %
Golias NRTM do 230 km/h, patky / Golias, NATM, up to 230 km/h, footings - 125 100 %

Tab. 4 Porovndni variant z hlediska objemu betonu def. osténi pro rychlost do 160 km
Table 4 Comparison of variants in terms of the final lining concrete volume for the speed of up to 160 km/h

Varianta Objem betonu [m®] pro blok betonaze 12 m
Variant Volume of concrete [m3] for a 12 m long casting block
Jedna kolej Dvé koleje Porovnani
Single-track Double-track Comparison
David NRTM do 160 km/h, spodni klenba / David, NATM, up to 160 km/h, inverted arch 178 356 285 %
David NRTM do 160 km/h, patky / David, NATM, up to 160 km/h, footings 109 218 174 %
David TBM do 160 km/h / David, TBM, up to 160 km/h 119 238 190 %
Golia$ NRTM do 160 km/h, spodni klenba / Golias, NATM, up to 160 km/h, inverted arch - 200 160 %
Golias NRTM do 160 km/h, patky / Golias, NATM, up to 160 km/h, footings - 125 100 %

proto v ramci studie zkouman i vliv zvySeni rychlosti na 230
km/h na velikost pri¢ného fezu tunelu, a to i s védomim, Ze
soucasny ndvrh zabezpecovaciho zarizeni tuto rychlost pou-
Zit neumoznuje. Studie variant se tim rozsitila na kone¢ny
pocet 6. Jednalo se o varianty:

1. David s razbou NRTM a rychlosti do 230 km/h
. David s raZzbou TBM a rychlosti do 230 km/h
. David s razbou NRTM a rychlosti do 160 km/h
. David s razbou TBM a rychlosti do 160 km/h
. Golids s razbou NRTM a rychlosti do 230 km/h
. Golias s razbou NRTM a rychlosti do 160 km/h

Pri¢ny fez jednokolejnym tunelem razenym pomoci TBM
i NRTM urcuje vzorovy list Svétly tunelovy prurez jednoko-
lejného tunelu, ktery byl vypracovan pro SZDC v roce 2010
a splnuje vSechny pozadavky vyplyvajici z platnych norem
a predpisu. Jind situace je v pripadé ndvrhu dvoukolejného
tunelu, nebot’ stdvajici vzorovy list byl zpracovdn pouze pro
rychlost do 160 km/h, a to pred uvedenim v platnost predpisu

A

TSI SRT. Geometricky nevyhovuje §itkou chodniku, kdy pu-
vodni ndvrh predpoklddal §itku 500 mm, zatimco v soufasné
dobé je podle predpisu TSI SRT §itka chodniku min. 750 mm.
Proto bylo nutné v rdmci projektu pri¢ny fez tunelu upravit
podle stdvajicich pozadavku a posoudit i zvétSeni svétlého
profilu na zvySenou rychlost do 230 km/h.

V pripadé varianty ,,David“ je u razby pomoci NRTM navr-
Zen podkovovity pri¢ny fez tunelem se spodni klenbou, dest-
nikovym systémem izolace a podélnou tunelovou drendZi. Pro
rychlost do 230 km/h je plocha vyrubu se spodni klenbou
86 m2, pfi snizeni rychlosti na 160 km/h se plocha vyrubu
sniZi o cca 10 % na 78 m2. U pfi¢ného fezu uréeného do lep-
Sich geotechnickych podminek, kde spodni klenba neni nutna
a klenba je zaloZena na patkdch, je plocha vyrubu 75 m2 pro

rychlost do 230 km/h, resp. 69 m? pro rychlost do 160 km/h.

AN AW

enlarging the net cross-section of the tunnel. In this context,
even the effect of increasing of the speed to 230 km/h on the
size of the tunnel cross-sectional area was analysed within the
framework of the study, even though it was known that the cur-
rent interlocking system design does not allow this speed to be
applied. As a result, the study of variants was expanded to the
final number of 6. The following variants were solved:
1. The David variant with the NATM excavation, with the
speed of up to 230 km/h
2. The David variant with the TBM excavation and the speed
of up to 230 km/h
3. The David variant with the TBM excavation and the speed
of up to 230 km/h
4. The David variant with the NATMN excavation and the
speed of up to 160 km/h
5. The David variant with the TBM excavation and the speed
up to 160 km/h
6. The Golia$ variant with the NATM excavation and the
speed up to 230 km/h
The cross section through the single-track tunnel driven by
the TBM or the NATM is prescribed by the Standard Sheet Net
cross-section through a single-track tunnel, which was develo-
ped for the Railway Infrastructure Administration, state orga-
nisation, in 2010. It meets all requirements following from
applicable standards and regulations. Another situation is in the
case of the design for a double-track tunnel because of the fact
that the current Standard Sheet had been developed only for the
design speed up to 160 km/h, before the TSI SRT regulation
came into force. Its geometry is inadequate as far as the walk-
way width is concerned; the original proposal expected the
width to be 500 mm, whereas the minimum width prescribed
by the current TSI SRT regulation is 750 mm. For that reason
it was necessary for the design to modify the cross-section to
comply with the current requirements and to assess the enlar-
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Porovnani variant - investi¢ni naklady
Comparison of variants — investment costs

gement of the net cross-sec-
tion for the increased speed
up to 230 km/h.

In the case of the “David”

180%
160%

166%
154% 157% 150%
140%
120% 102% 100%
1 I I

variant using the NATM,
a horseshoe-shaped tunnel
cross-section with an inver-
ted arch, an umbrella-type
waterproofing system and
a longitudinal tunnel drai-
nage system is proposed.
The excavated cross-sectio-
nal area with the invert
designed for the speed of up
to 230 km/h amounts to
86 m2, whilst this area is
reduced by approximately

2 8388E

230 km/h 230 km/fh 160 km/h

David - NATM David - TEM David - NATM David - TBEM Golias - NATM Golias - NATM
160 km/h

10 % to 78 m? when the
speed is reduced to 160
km/h. The cross-section
designed for better geotech-

230 km/h 160 km/h

Obr. 6 Graf procentudlniho porovndni celkovych investicnich ndakladi
Fig. 6 Chart of the percentage comparison of total investment costs

V podobném poméru lze uvaZzovat i plochy pii¢nych feza
v dalSich variantdch, coZ pro rychlosti do 230 km/h a do 160
km/h ukazuji tabulky 1 a 2. Pfi porovndni plochy pri¢ného
fezu je jako zdklad uvazovdna nejmensi teoretickd plocha
vyrubu. U varianty ,,David® je nutno pro porovnani secist plo-
chy obou tunelt. Z vysledku je zfejmé, Ze z hlediska velikos-
ti obestavéného prostoru nebo mnoZstvi vytéZeného materidlu
se jako vyhodnéjsi jevi varianta ,,Golids“. Dva jednokolejné
tunely maji oproti dvoukolejnému tunelu plochu vyrubu
o vice nez 40 % vetsi.

Dalsim faktorem vyrazné ovliviiujicim vyslednou cenu dila
je krom¢ objemu vyrubu i objem betonu definitivniho osténi.
V ptipadé razby pomoci NRTM je v razenych tsecich tunelu
uvazovéano s monolitickym osténim tloustky 350 mm z betonu
C25/30 betonovanym do posuvného bednéni. V hloubenych
tsecich tunelu se tloustka klenby pohybuje v piipadé dvouko-
lejného tunelu od min. 600 mm, u jednokolejného tunelu od
min. 350 mm. U tunelu razeného pomoci TBM je navrzeno
prefabrikované osténi tloustky 350 mm. Porovnani variant
z hlediska ndroCnosti spotfeby betonu je prehledné usporada-
no do tabulky 3 pro rychlost do 230 km/h, resp. tabulky 4 pro
rychlost do 160 km/h. Vymeéry jsou vypocteny pro blok beto-
ndZe délky 12 m. Z divodu moZnosti porovndni vysledka je
i v pripadé razby pomoci TBM vyméra betonu osténi vypo-
Ctena pro tsek tunelu délky 12 m.

Zatimco v pripadeé porovndni z hlediska teoretické plochy
vyrubu vyznélo hodnoceni 40 % v neprospéch varianty
,David“, pfi porovnani z hlediska objemu betonu definitivni-
ho osténi se jiz jednd o vice nez 70 %. Pfi komplexnim hod-
noceni je v§ak nutno zohlednit skute¢nost, Ze pfi razbé pomo-
ci NRTM je osténi dvoupldstové a vyrub zajiStuje po razbé
zpocatku primarni osténi ze stiikaného betonu. Jeho tloustka
je zéavisla na technologické tfidé vyrubu a skutené zastiZe-
nych geotechnickych podminkdch pfi razbé. Pro raZeny tsek
tunelu bylo navrzeno 5 technologickych tfid vyrubu a sta-
novena prognéza jejich vyskytu s ohledem na predpoklddané
geotechnické podminky. Z vypo&tu provadénych pro stanove-
ni vymér vyplyvd, Ze na 1 bm raZzeného dvoukolejného tunelu
varianty ,,Golids* pro rychlost do 230 km/h v geotechnickych
podminkdch nevyZadujicich pouZiti spodni klenby je potfeba
cca 6,7 m? stifkaného betonu, v misté se spodni klenbou se

nical conditions, where the

inverted arch is not necessa-

ry and the vault is founded
on footings, the excavated cross-sectional area is 75 m?2 for the
speed up to 230 km/h or 69 m? for the speed up to 160 km/h.
Similar proportions can be applied to the cross-sectional areas
contained in the other variants. The areas for speeds up to 230
km/h and up to 160 km/h are presented below in Tables 1 and
2. The smallest theoretical excavated cross-sectional area is
used as a basis for the purpose of the comparison of the cross-
sectional areas. In the case of the “David” variant it is necessa-
ry to sum up the cross-sectional areas of both tunnels. It is
obvious from the results that the “Golid§” variant looks more
advantageous as far as the magnitude of the wall-in space or
the volume of the excavated material are concerned. The exca-
vated cross-sectional area of the pair of single-track tunnels
compared with the double-track tunnel is larger by over 40 %.

Another factor significantly affecting the resultant cost of the
Works is, apart from the excavated volume, the volume of conc-
rete for the final lining. C25/30-grade concrete cast behind tra-
veller formwork is assumed for the 350 mm thick lining in the
case of the NATM excavation in the mined tunnel sections. In
the cut-and-cover tunnel sections, the thickness of the vault ran-
ges from the minimum 600 mm for the double-track tunnel to
the minimum 350 mm for the single-track tunnel. A 350 mm
thick segmental lining is proposed for the TBM-driven tunnel.
The comparison of variants as far as the consumption of conc-
rete is concerned is summarised in Table 3 for the speed of up
to 230 km/h and Table 4 for the speed of up to 160 km/h. The
quantities are calculated for a 12 m long casting block. The
quantity of concrete for the lining of the TBM-driven tunnel is
also calculated for the 12 m long tunnel section so that the com-
parison of results is possible.

While the assessment ended up 40 % against the “David”
variant in the case of the comparison in terms of the theoretical
excavated cross-sectional area, the difference reaches over 70 %
in the case of the comparison in terms of the volume of the final
lining concrete. Although, if the assessment is to be performed
comprehensively, it is necessary to take into consideration the
fact that two-shell lining is required when the NATM is used,
where the excavation is supported at the beginning by a primary
shotcrete lining. The thickness of the primary lining depends on
the excavation support class and the geotechnical conditions
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objem zvétSuje na 9,7 m3. U konvenéné raZené varianty
,David“ je primarni osténi kalkulovdno vymérou 59 m3
u tunelu bez spodni klenby a 8,1 m3 u tunelu se spodni klen-
bou. Po pripoéitani tohoto objemu do hodnoceni variant
z hlediska spotieby betonu se méni pomér podle tdaju uvede-
nych v tabulce 5.

Obdobnym zpusobem je upravena kalkulace pro varianty
tuneld pro rychlost do 160 km/h, kde je uvazovano u varianty
,Golids* s vymérou 6,6 m> pro profil bez spodni klenby, resp.
9,6 m? pro profil se spodni klenbou. U varianty ,,David* zvy-
Suje primdrni osténi spotiebu betonu o 5,6 m? u profilu bez
spodni klenby a o 7,7 m? u tunelu se spodni klenbou.
Vysledné porovndni ukazuje tabulka 6.

Vzhledem k predpoklddanym geotechnickym podminkdm
bylo pro celkové hodnoceni variant po¢itdno u razby pomoci
NRTM se 70 % délky razeného tseku zajiSténého osténim na
patkdch a 30 % délky raZeného useku zajisténého osténim se
spodni klenbou. V pfipadé razby pomoci TBM je konstrukéni
feSeni osténi ddno kruhovym profilem stroje a navySeni spo-
treby betonu definitivniho osténi je oproti NRTM v dsecich se
Spatnymi geotechnickymi poméry cca 20 %. V dtsecich
s dobrymi geotechnickymi poméry se vSak nérust zvySuje az
0 90 % objemu betonu definitivniho osténi.

Pro celkové porovndni variant bylo nutné provést kalkula-
ci az na droven jednotkovych cen a do porovnani zahrnout
nejen vlastni tunely, ale i tunelové propojky, tinikové Sachty
a Stoly i dal$i vyvolané investice, jako jsou napf. nadzemni
technologické objekty, pristupové komunikace, ndstupni plo-
chy slozek integrovaného zdchranného systému (IZS) atd.
Vysledky cenového porovndni variant ukazuje ndzorné graf
na obrazku 6, ktery neuvadi skutecné investi¢ni ndklady, ale
pomér vysledné ceny k nejlevnéjsi varianté. Ta predstavuje
srovnavaci cenovou hladinu a je hodnocena jako 100 %.
Cena vSech ostatnich variant je k této cené vztazena. Z grafu
je zfejmé, Ze u konven&né raZenych tunelu je rozdil v cené
jednoho dvoukolejného tunelu a dvou jednokolejnych tunela
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Obr. 7 Standardni profil iinikové stoly
Fig. 7 Standard profile of an escape gallery

actually encountered during the excavation. There were 5 exca-
vation support classes designed for the mined tunnel section
and a prognosis of their incidence was determined with respect
to the anticipated geotechnical conditions. It follows from cal-
culations conducted with the aim of determining the quantities
that about 6.7 m> of shotcrete are required for 1 linear metre of
the mined double-track tunnel of the “Golid§” variant for the
speed of up to 230 km/h, driven in conditions requiring no
inverted arch. This amount increases to 9.7 m? in the locations
where the invert is required. In the case of the conventionally
driven variant “David” requiring no invert, the volume of pri-
mary lining concrete is calculated at 5.9 m3, whilst the volume
of 8.1 m3 is calculated for the tunnel with the inverted arch.
When this volume is added to the assessment of variants in
terms of the consumption of concrete, the percentages change
as shown in Table 5.

The calculation for the tunnel variants for the speed of up to
160 km/h is carried out in a similar way. The volumes of 6.6 m3
and 9.6 m? are assumed for the “Golid3” variant, for the profile
without the invert and with the invert, respectively. In the case
of the “Golid$” variant, the primary lining increases the con-
sumption of concrete by 5.6 m? and 7.7 m? for the cross-secti-
on without an inverted arch and tunnel with the invert, respec-
tively. The resultant comparison is presented in Table 6.

Taking into consideration the anticipated geotechnical condi-
tions, the overall assessment of the variants was carried out
assuming that 70 % of the NATM mined section length would
be provided with the lining founded on footings and 30 % of the
mined section length would be provided with an inverted arch.
In the case of the TBM-driven tunnel, the structural design is
predetermined by the circular profile of the machine and the
increase in the volume of concrete for the final lining, compa-
red with the NATM, is about 20 % in the case of poor geotech-
nical conditions. But in sections with good geotechnical condi-
tions the increase in the final lining concrete volume grows by
up to 90 %.

The overall assessment of the variants required the calculati-
on to be broken up to the level of unit prices, with cross passa-
ges, escape shafts and galleries and other induced investment
structures, such as at-grade services buildings, access roads,
mustering areas for the Integrated Rescue System units incor-
porated into the comparison. The results of the cost-related
comparison of the variants are clearly presented on the chart in
Figure 6, which shows the proportion between the resultant cost
and the cheapest variant instead of showing real investment
costs. The cheapest cost provides the reference level, which is
assessed as 100 %. The cost of all other variants is referred to
this cost. It is obvious from the chart that the difference betwe-
en the cost of the single double-track tunnel and the cost of two
single-track tunnels is about 60 %, even if the induced invest-
ment costs are counted with. The structural modification of the
tunnel carried out with the aim of increasing the speed from 160
km/h to 230 km/h means the increase in the cost by approxima-
tely 2 %. The construction of two single-track tunnels using
TBMs means, in the case of the ChotyCany tunnel, an increase
in the investment costs by approximately 50 % compared with
conventional driving of the double-track tunnel. The above-
mentioned quantities cannot be generally used as a scale becau-
se they are associated with geotechnical conditions particular
for the ChotyCany tunnel, i.e. with the geological structure of
the area, the overburden height, the solution of escape routes
leading to the surface etc.




Obr. 8 Rozsireny profil dinikové Stoly
Fig. 8 Enlarged profile of an escape gallery

i se zapocitdnim vyvolanych investic cca 60 %. Konstruk¢ni
Uprava tunelu pro zvySeni rychlosti ze 160 km/h az do
230 km/h predstavuje navyseni ceny o cca 2 %. Razba dvou
jednokolejnych tuneld raZenych pomoci TBM predstavuje
u Chotycanského tunelu v porovndni s konvencni raZzbou
dvoukolejného tunelu navySeni investi¢nich nakladu o cca
50 %. Uvedené hodnoty nelze brat obecné za méritko, nebot’
souviseji s konkrétnimi geotechnickymi podminkami
Chotycanského tunelu, tj. s geologickou stavbou dzemi, vys-
kou nadloZi, zpasobem feseni tnikovych cest na povrch atd.
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Obr. 9 PFicny Fez schodistbvou tinikovou Sachtou
Fig. 9 Cross-section through an escape stair well
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THE ROLE OF THE FIRE DESIGN IN THE SELECTION
OF VARIANTS

The fire design plays a significant role in the process of desig-
ning a tunnel. It can substantially influence not only the techni-
cal solution itself, but also the amount of investment costs.
When the design is being prepared, it is necessary to pay due
respect to all requirements for the rescue of persons in the case
of a fire or an incident in the tunnel. Nevertheless, above-stan-
dard solutions must be eliminated with respect to funding pos-
sibilities for such the demanding structure as a tunnel undoub-
tedly is. From the constructional point of view, this applies first
of all to the possible variants of the escape routes design.

In the case of the “David* variant, it was no substantial pro-
blem to provide escape routes. The designer unambiguously
chose 9 cross passages installed at the maximum spacing of
500 m for the escape of persons from a tunnel tube affected by
a fire. Every other cross passage serves, apart from escaping, to
installing tunnel equipment, first of all transformers forming
parts of the power distribution system. The intervals between
the cross passages comply with requirements of the TSI SRT
European regulation on safety in tunnels. It is planned that pas-
sengers in the case of a rescue action will escape via the tunnel
tube unaffected by the fire, where the traffic is stopped in the
case of an incident and which at the same time serves to muste-
ring of the Integrated Rescue System units. Access roads and
mustering areas with the area of 500 m? are in this case desig-
ned to be provided only at both tunnel portals. With respect to
the relative position of the two tunnel tubes, the terrain confi-
guration and the height of the overburden, the technical soluti-
on proposed for the escape routes did not need other variants.
On the other hand, the solution for escape routes for the
“Golias$” variant, consisting of a single tunnel tube, required
a completely different approach.

In the case of the “Golid$” variant, the designer even propo-
sed three variants of the escape routes design to be subjected to
the technical and economical comparison. The following vari-
ants were proposed:

e an escape gallery running in parallel with the tunnel tube,
which would be interconnected with the tunnel tube by
cross passages at the maximum intervals of 500 m, similar-
ly to the “David” variant;

e vertical escape shafts connected to the tunnel by escape gal-
leries provided at the maximum spacing of 1000 m so that
the length of escaping does not exceed 500 m;

e a combination of the parallel escape gallery with cross pas-
sages leading to the tunnel tube and vertical shafts provided
in the section with the shallower overburden.

In the case of the first variant of escape routes, the distance of
25 m between the axis of the parallel escape gallery and the tun-
nel axis makes the creation of a safe natural rock pillar possib-
le. The length of the gallery roughly corresponds to the length
of the double-track tunnel. The longitudinal gradient of the gal-
lery corresponds to the longitudinal gradient of the tunnel and
the horseshoe shaped cross-section of the gallery with the theo-
retical excavated cross-sectional area of 13 m? makes it possib-
le to inscribe a square cross-section with the net width of 2.25 m
and the height of 2.25 m (see Fig. 7). The gallery clearance
allows a rescue vehicle to intervene at the connection of the
cross passage to the escape gallery and, if necessary, to tran-
sport injured persons to the closer portal. A 12 m long enlarged
cross-section with the net width of 4.8 m and the height of 3.1 m
is proposed to be established in the escape gallery in the locati-
ons where the 15 m long cross passages are connected to it (see
Fig. 8). It serves to passing of rescue vehicles or gathering of
immobile persons. The design for mustering areas for the
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ROLE POZARNEBEZPECNOSTNIHO RESEN(
PRI VOLBE VARIANT

Pozdrnébezpelnostni feSeni hraje pfi ndvrhu tunelu
vyznamnou roli a muZe vyrazné€ ovlivnit nejen vlastni tech-
nické feSeni, ale i vysi investi¢nich ndkladd. Pfi ndvrhu je
nutno respektovat vSechny poZadavky na zdchranu osob
v pripadé poZaru nebo havdrie v tunelu. Nadstandardni feSeni
v8ak musi byt eliminovéna s ohledem na moZnosti financova-
ni tak narocné stavby, jakou tunel bezesporu je. Ze stavebni-
ho hlediska se jednd predev$im o mozné varianty navrhu dni-
kovych cest.

U varianty ,,David“ nepfedstavovalo zajisténi dnikovych
cest vétsi problém a projektant pro tinik osob z poZzarem zasa-
7ené tunelové trouby jednoznaéné zvolil 9 tunelovych propo-
jek vzdalenych od sebe max. 500 m. Kazd4 druhd tunelova
propojka slouzi kromé udniku i k umisténi technologického
vybaveni tunelu, zejména transformétora rozvodu elektrické
energie. Vzdalenost tunelovych propojek odpovidd poZadav-
kam evropského predpisu TSI SRT o bezpeénosti v tunelech.
Pri zdchrané cestujicich se poéitd s inikem do poZdarem neza-
sazené tunelové trouby, kde je v pripade havdrie zastaven pro-
voz a kterd zdroven slouZi i pro ndstup jednotlivych sloZzek
1ZS. Prijezdové komunikace a ndstupni plochy o vymére 500
m? jsou v tomto piipadé navrZeny pouze u obou tunelovych
portald. Vzhledem k vzdjemné poloze obou tunelovych trub,
konfiguraci terénu a vysSce nadloZi nevyzadovalo navrzené
technické feSeni unikovych cest dal$i varianty. Zcela jiny pri-
stup vSak vyzadovalo feSeni unikovych cest varianty ,,Golias*
s pouze jednou tunelovou troubou.

U varianty ,,Golias* navrhl projektant pro technicko-ekono-
mické porovndni hned tfi varianty reSeni unikovych cest.
Jednalo se o:

e tinikovou §tolu vedenou paralelné s tunelovou troubou

a obdobné jako v pripadé varianty ,,David“ propojenou
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Obr. 10 Pri¢ny Fez tinikovou Sachtou s vytahem
Fig. 10 Cross-section through an escape lift well

Integrated Rescue System units and access roads is in this case
identical with the “David” variant design, to be provided only at
the two portals.

The second variant of the solution for escape routes is also
based on the requirement for the maximum length of escaping
to be 500 m. According to this requirement, with respect to the
configuration of the terrain above, the designer places the total

Tab. 5 Porovndni variant z hlediska celkového objemu betonu osténi pro rychlost do 230 km/h
Table 5 Comparison of variants in terms of the total concrete volume for the speed of up to 230 km/h

Varianta Objem betonu [m®] pro blok betonaze 12 m
Variant Volume of concrete [m3] for a 12 m long casting block
Jedna kolej Dvé koleje Porovnani
Single-track Double-track Comparison
David NRTM do 230 km/h, spodni klenba / David, NATM, up to 230 km/h, inverted arch 192+97=289 578 282 %
David NRTM do 230 km/h, patky / David, NATM, up to 230 km/h, footings 115+71=186 372 181 %
David TBM do 230 km/h / David, TBM, up to 230 km/h 122 244 119 %
Golias NRTM do 230 km/h, spodni klenba / Golias, NATM, up to 230 km/h, inverted arch 202+116=318 155 %
Golias NRTM do 230 km/h, patky / Golias, NATM, up to 230 km/h, footings 125+80=205 100 %

Tab. 6 Porovndni variant z hlediska celkového objemu betonu osténi pro rychlost do 160 km/h

Table 6 Comparison of variants in terms of the total concrete volume for the speed of up 160 km/h

Varianta Objem betonu [m®] pro blok betonaze 12 m
Variant Volume of concrete [m3] for a 12 m long casting block
Jedna kolej Dvé koleje Porovnani
Single-track Double-track Comparison
David NRTM do 160 km/h, spodni klenba / David, NATM, up to 160 km/h, inverted arch 178+92=270 540 265 %
David NRTM do 160 km/h, patky / David, NATM, up to 160 km/h, footings 109+67=176 352 173 %
David TBM do 160 km/h / David, TBM, up to 160 km/h 119 238 117 %
Golias NRTM do 160 km/h, spodni klenba / Golias, NATM, up to 160 km/h, inverted arch 200+115=315 154 %
Golias NRTM do 160 km/h, patky / Golias, NATM, up to 160 km/h, footings 125+79=204 100 %




TuoHel

s tunelovou troubou propojkami ve vzddlenosti max.
500 m;

e vertikalni inikové Sachty s napojenim na tunel inikovymi
Stolami ve vzdjemné vzdalenosti max. 1000 m, aby délka
uniku nepresdhla 500 m;

e kombinace paralelné vedené tnikové Stoly s propojkami
do tunelové trouby v useku s vysokym nadloZim a ver-
tikdlnich Sachet v dseku s niZ§im nadloZim.

V pripadé prvni varianty dnikovych cest umoZnuje osa sou-
bézné tnikové Stoly vzdédlend od osy tunelu 25 m mezi obéma
podzemnimi dily bezpe¢né vytvoreni prirozeného horninové-
ho pilite. Délka $toly pfiblizné odpovidd délce dvoukolejného
tunelu. Jeji podélny sklon koresponduje s podélnym sklonem
tunelu a podkovovity tvar Stoly o teoretické ploSe vyrubu
13 m? umoziiuje do profilu vepsat &tvercovy prifez o svétlé
Sifce 2,25 m a vySce 2,25 m (obr. 7). Prijezdny prufez Stoly
umoznuje zasah zachranného vozidla v tusti tunelové propojky
do tnikové $toly a pripadné odvoz ranénych k nejbliz§imu
portdlu. V misté zadsténi tunelovych propojek délky 15 m do
unikové Stoly je ve Stole navrzen roz§iteny pri¢ny profil délky
12 m o svétlé $itce 4,8 m a vySce 3,1 m (obr. 8), ktery slouzi
pro vyhybani zdchrannych vozidel nebo shromazdovani imo-
bilnich osob. Nastupni plochy slozek IZS a prijezdové komu-
nikace jsou v tomto pripadé navrzeny stejné jako u varianty
,,David“ pouze k obéma portdlum.

I druhd varianta feSeni tnikovych cest vychdzi z poZa-
davku na maximdlni délku tniku 500 m. Podle tohoto poZa-
davku a s ohledem na situaci na povrchu tdzemi situuje pro-
jektant celkem 4 vertikdlni dnikové Sachty do mist, kde lze
zajistit prijezd vozidel k tusti Sachty a vybudovani nastupni
plochy jednotek IZS. Vzdjemnd poloha moZného vyudsténi
Sachty na povrchu tzemi a polohy tunelu ovliviiuje délku
spojovaci tnikové Stoly. Zatimco hloubka Sachet se pohybu-
je v zavislosti na vySce nadloZi od 25 m az do 78 m, délka
Stol je od 35 m do 100 m. Celkovd hloubka Sachet dosahuje
177 m, celkova délka §tol je téméf 260 m. Unikové §toly jsou
od tunelu oddéleny poZarnimi uzdvéry (dvefmi). Vnikani{
koufe do dnikovych $tol a Sachet je zabranéno pretlakem
vzduchu. Pfi otevfeni dvefi pretlak zajisti, Ze dnik osob smé-
fuje vzdy do prostoru s Eerstvym vzduchem. Stola za poZar-
nim uzdvérem je v délce 12 m roz§ifena na profil o svétlé
Sifce 4,2 m a vySce 3,6 m. Pri¢né fezy schodistovou a vy-
tahovou Sachtou ukazuji obrazky 9 a 10. Z hlediska vySe
investi¢nich ndkladu profil raZenych podzemnich dél opti-
mélné odpovidd minimdlnim poZadavkiim norem a predpisu,
aby nedochdzelo ke zbyte¢nému navySovédni ceny dila.
U Sachet hlubsich neZ 30 m se predpoklddad instalace vytahu.
V téchto Sachtdch musi byt z konstrukénich divodu polomér
kruhové Sachty zvétSen z 4,1 m na 4,6 m, coZ predstavuje
néarlist objemu vyrubu o 3.4 m? na b&%ny metr Sachty. Ke
kazdému dusti Sachty na povrchu je privedena pristupova
komunikace napojend na mistni silniéni sit. Pfistupova
komunikace navazuje u usti Sachty na ndstupni plochu jed-
notek IZS.

Predchozi varianta s vyuzitim udnikovych Sachet vede
v tseku tunelu s vysokym nadloZim k hloubce Sachty az 78
m, coZ se jevi z hlediska pristupu i dniku nevyhodné. Proto
je tfeti variantou mozného diniku kombinace paralelné situo-
vané zdchranné S$toly s vyudsténim u jizniho portdlu
a zdchrannych Sachet situovanych v tseku tunelu s niz§im
nadloZim v oblasti bliZe severnimu portdlu. Zachrannd Stola
v délce 1905 m konstrukéné odpovida feSeni popisovanému
v prvni varianté s paralelné razenou Stolou a tunelovymi pro-
pojkami, a to vCetné zausténi propojek do zachranné Stoly.
Tim dojde k eliminaci nejhlubSich Sachet druhé varianty.
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of 4 vertical escape shafts to locations where it is possible to
secure the approach of vehicles to the shaft mouth and
a mustering area for rescue units can be established. The relati-
ve position of the possible shaft mouth on the surface and the
tunnel affects the length of the connecting escape gallery.
Whilst the depth of the shafts varies from 25 m up to 78 m,
depending on the overburden height, the lengths of the galleri-
es leading to the shafts vary from 35 m to 100 m. The aggrega-
te depth of the shafts reaches 177 m; the aggregate length of the
galleries amounts nearly to 260 m. The galleries leading to the
escape shafts are separated from the tunnel by fire doors. Smoke
is prevented from entering the escape galleries and shafts by
a positive pressure of air. When the doors are opened, the posi-
tive pressure ensures that persons always escape to spaces con-
taining fresh air. The net cross-section of the gallery is enlar-
ged behind the fire door along a length of 12 m to a 4.2 m wide
and 3.6 m high profile. Cross-sections through the stair and lift
well are shown in Figures 9 and 10. As far as investment costs
are concerned, the profile of the mined underground structure
optimally complies with minimum requirements of standards
and regulations, so that the project price is not needlessly incre-
ased. The installation of lifts is assumed for shafts deeper than
30 m. The radius of these circular shafts must be increased from
4.1 to 4.6 m for structural reasons. This increase represents an
increase in the volume of excavation by 3.4 m3 per a linear
metre of the shaft. An access road linking to the local road net-
work is brought to the mouth of each shaft on the surface. The
access road is connected to the mustering area for rescue units
provided at the mouth of the shaft.

The previous variant comprising escape shafts leads to the
depth of shafts up to 78 m in the tunnel section driven under
high overburden. This solution therefore appears to be disa-
dvantageous in terms of the access and escape. For that reason
there is the third variant of the potential escape, combining
a parallel rescue gallery having the mouth at the southern portal
with rescue shafts located in the tunnel section with shallower
overburden in the area closer to the northern portal. The 1905 m
long rescue gallery structurally corresponds to the solution
described in the first variant, comprising a gallery driven in
parallel with the tunnel and cross passages, including connecti-
ons of the cross passages to the rescue gallery. Owing to this
solution the deepest shafts contained in the second variant will
be eliminated. The remaining shafts in the tunnel section run-
ning under a shallower overburden correspond to the solution
proposed in the second variant. Mustering areas for rescue units
with surface areas of 500 m? will be provided at both portals
and in the locations of the mouths of the shafts on the surface.
Access for vehicles to the mustering areas will be secured along
newly built roads, which will be connected to the existing road
network.

The simplest criterion, which gives the best evidence of the
cost, is the comparison in terms of the volume of the excavati-
on of spaces for escape routes, which are carried out as conven-
tionally driven galleries or shafts. The comparison results are
summarised in Table 7. The variant with the smallest excavati-
on volume is used as the basis of the percentage comparison.

It is obvious from the comparison that the volume of excava-
tion is more than three-times larger in the case of the parallel
gallery and cross passages than the volume in the case of the
third variant comprising shafts and access galleries. The second
variant was chosen as the most advantageous after the financial
assessment which took into consideration the induced invest-
ment costs (access roads, mustering areas etc.). When the vari-
ants were being assessed, this variant of escape routes was

Z\9y

added to the solution according to the “Golids” variant in terms
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Zbyvajici Sachty v dseku tunelu s niz§im nadloZim odpovi-
daji feSeni navrzenému ve druhé varianté. Ndstupni plochy
1ZS o vyméfe 500 m?2 budou vytvofeny u obou portild
a v misté vyusténi Sachet na povrch tizemi. K ndstupnim plo-
chdm bude zajistén prijezd vozidel po nové zfizenych komu-
nikacich, které budou napojeny na stavajici silni¢n{ sit.

Nejednodussim a nejlépe o cené vypovidajicim kritériem je
porovndni z hlediska objemu vyrubu prostoru tnikovych cest,
které jsou provadény jako konvenéné razené Stoly nebo Sach-
ty. Vysledky porovnidni prehledné ukazuje tabulka 7.
Zakladem procentudlniho porovnani je varianta s nejnizSim
objemem vyrubu.

Z porovnani je zfejmé, Ze objem vyrubu u paralelné raZzené
Stoly a spojovacich propojek je vice nez 3x vétsi, nez
u varianty se Sachtami a pristupovymi Stolami. Po provedeni
finan¢niho ohodnoceni se zapoclitinim vyvolanych investic
(pristupové komunikace, nastupni plochy atd.) byla jako nej-
vyhodné€j$i zvolena druhd varianta. Tato varianta tnikovych
cest pak byla pripo¢tena prfi hodnoceni variant k feSeni podle
varianty ,,Golids* jak z hlediska vymeér, tak ndsledné po
zohlednéni jednotkovych cen i z hlediska vySe investi¢nich
néklada. Porovnéni variant ukazuje prehledné graf na obr. 6.

ZAVER

Nédvrh technického feSeni dvoukolejnych tuneli a jejich
unikovych cest vychdzi z konfigurace terénu, respektuje pre-
devsim geologické podminky a dobu predpoklddané vystavby.
Volba tunelovaci metody souvisela s geotechnickymi poméry
v trase obou tuneld, logistikou odvozu rubaniny a doddvky
materidlu na vystavbu, harmonogramem vystavby a v ne-
posledni fadé s vysi investi¢nich ndkladu. NavrZzené technické
feSeni bere v uvahu moZnosti zdsahu zachrannych jednotek
a Cinnosti provozovatele Zelezni¢ni prepravy v pripadé ohro-
Zeni cestujicich nehodou nebo pozirem vcetné moznosti
zachrany samotnymi cestujicimi. Vybrané varianty raZby
tunelt i feSeni dnikovych cest jsou nejen ekonomicky nejvy-
hodnéjsi, ale i ekologicky nejprijatelnéjsi.

Pfi projedndvéni pozarnébezpecnostniho feseni stavby je ze
strany sloZek hasi¢ského zachranného sboru vétSinou kladen
tlak na navrh nejkomfortnéjsiho zajisténi pristupu i evakuace
osob. Je tfeba si uvédomit, jaké dopady na vysi investi¢nich
ndkladi ma napiiklad preference dvou jednokolejnych tunela
spojenych propojkami pred dvoukolejnym tunelem a tni-
kovymi vychody na povrch. Jak ukdzalo posouzeni variant
unikovych vychodu, i zde muZe dojit ke znaénym materidlo-
vym, a tim i finanénim rozdilim v néro¢nosti navrzeného
feSeni. Proto je nutno pfi dosaZzeni pozadované drovné bez-
pecnosti vZdy najit vhodny kompromis i z hlediska vySe
investi¢nich ndkladd. Pokud zvdZime, Ze cena 1 m> obestavé-
ného prostoru se pohybuje od 8 do 10 tis. K&, jsou rozdily
znaéné. Investor vénoval maximdlni pozornost volbé optimal-
niho technického feSeni a doprovodné studie, zpracovavané
v ramci projektu pro tzemni rozhodnuti poskytly potfebné
informace pro rozhodovani o vybéru varianty.

ING. PETR L:4PI§, petr.lapis@ikpce.com,
ING. LIBOR MARIK, libor.marik@ikpce.com,
IKP CONSULTING ENGINEERS, s. r. o.
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Tab. 7 Porovndni variant FeSeni tinikovych cest
Table 7 Comparison of escape routes design variants

Varianta Objem vyrubu [%]
Variant Excavation volume | [%]
1. Paralelni $tola 60 300 340
1. Parallel gallery 60 300 340
2. Sachty a spojovaci §toly 17 700 100
2. Shafts and connection galleries 17 700 100
3. Kombinace $achet a Stoly 33000 186
3. Combination of shafts and a gallery 33000 186

of the quantities and, subsequently, after taking the unit prices
into account, even in terms of the magnitude of investment
costs. The comparison of the variants is summarised in Fig. 6.

CONCLUSION

The proposal for the technical solution for double-track tun-
nels and their escape routes is based on the terrain configurati-
on, pays respect first of all to geological conditions and the anti-
cipated construction time. The selection of the tunnelling met-
hod was associated with geotechnical conditions along the route
of both tunnels, the logistics of transporting the muck and supp-
lying construction materials, the works schedule and, at last but
not least, the amount of investment costs. The proposed techni-
cal solution takes into consideration the necessity of providing
access for the intervention of rescue units and for the railway
transport operator’s activities in the case of an accident or fire
endangering passengers, including the opportunity for passen-
gers to save themselves on their own. The selected variants of
the excavation of the tunnels and the solution for escape routes
are the most advantageous economically and the most accep-
table ecologically.

When the fire design for a project is being negotiated, the Fire
Rescue Service units mostly place stress on the proposal to pro-
vide the most comfortable access and evacuation of persons. It
is necessary to be aware of the impacts on the amount of invest-
ment costs due to, for example, preferring a pair of single-track
tunnels interconnected by cross passages with a double-track
tunnel and escape exits to the surface. The assessment of the
variants of escape exits proved that significant differences in
consumption of materials and differences in financial demands
following from them can exist even in this area. For that reason
it is always necessary while reaching the required level of safe-
ty to find an acceptable compromise even as far as the invest-
ment costs are concerned. If we take into account the fact that
the cost of 1 m3 of a walled-in space ranges from 8 to 10 thou-
sand CZK, the differences are huge. The project owner paid
maximum attention to the selection of the optimum technical
solution. The accompanying study, which was carried out wit-
hin the framework of the design for issuance of the zoning and
planning decision, provided information required for the pro-
cess of making decisions on the selection of the variant.

ING. PETR LAPIS, petr.lapis@ikpce.com,
ING. LIBOR MARfK, libor.marik@ikpce.com,
IKP CONSULTING ENGINEERS, s. r. o.
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METRO V.A - STATICKE RESENI SEGMENTOVEHO OSTENI TUNELU
RAZENYCH ZEMINOVYMI STITY

METRO V.A - STRUCTURAL ANALYSIS OF SEGMENTAL LININGS
OF TUNNELS DRIVEN BY EPB SHIELDS

JOSEF KUNAK, MARTINA URBANKOVA, TOMAS URBANEK

ovob

Pii vystavbé nového tseku trasy A prazského metra jsou popr-
vé pouzity moderni tunelovaci stroje — zeminové Stity (EPBS),
i kdyZ pomoci ruznych typu $titu bylo v Praze pfi vystavbé
metra v nedavné historii provedeno jiz nékolik desitek km tune-
14. Pro tunel pruméru 5,3/5,8 m byl navrZen systém 5+1 dilca.
S ohledem na geologické prostfedi, hloubku uloZeni trasy
a malou vysku hladiny spodn{ vody nad klenbou tunela vychd-
zi charakteristické naméhéni prufezu tunelu vétSinou s velkou
excentricitou normdlové sily, a proto je navrh osténi proveden
v Zelezobetonu. Vypocetni konstrukéni analyzy segmentového
Zelezobetonového osténi byly provedeny podle doporuéenych
postupti podle ITA-AITES [1]. Uzce bylo spolupracovéno s do-
davatelem raziciho stroje pro ureni zatizeni pfi montdzi dilcu
a od pojezdu raziciho stroje. S ohledem na variabilitu geologic-
kého prostiedi v trase tunell byla provedena optimalizace na
dva razné typy vyztuZeni prutovou vyztuzi. Detailni posouzeni
styk dilcu i zatiZeni od tlaénych lisu raziciho stroje bylo pro-
vedeno analyzou FEM ve 3D s pouZitim souboru materidlovych
charakteristik betonu ziskanych z mechanickych zkouSek.
Navrh segmentového osténi, které se do tunelt prazského metra
vraci po 25 letech, se tak po tak dlouhé dobé spolu s razicimi
stroji skokové dostdvd na novou turoven odpovidajici soucas-
nym poZzadavkum.

STRUCNY PREHLED TRASY

Ndvrh postupu vystavby jednokolejnych tratovych tunelu
technologii EPBS predpoklddal nasazeni dvou zeminovych §tita
v tratovém tseku mezi stanicemi Motol a Petfiny v blizkosti kfi-
Zovatky Vypich. Zafizeni stavenisté zde umoZznuje kapacitni
zdsobovéni materidlem pro razbu obou tuneld a sou¢asné odté-
Zovani vyrubané horniny. OdtéZzovéni rubaniny je provadéno
pomoci pasovych dopravniki. Oba EPBS byly postupné spou-
Stény v hloubené kruhové stavebni jamé praméru 21,6 m
a hloubky 33,1 m, s moZnosti zasunuti zadni ¢dsti stroja do pre-
dem vyrazené montdzni komory v mistech dvoukolejného tune-
lu. Komora je spojend s povrchem pristupovou Stolou s na-
vazujici sjezdovou rampou. Razba pomoci EPBS je provadéna
ve sméru ke stdvajici stanici metra Dejvickd. Po vyraZeni tune-
1 v délce zhruba 500 m byly razici stroje protaZeny bo&nimi
dil¢imi vyruby stanice Petfiny a po protaZeni dédle pokracuje
tpadni raZba tratovych tuneli smérem ke stanici Veleslavin.
V tiilodni stanici Veleslavin je nutné v predstihu vyrazit oba
boc¢ni vyruby v primdrnim osténi tak, aby mohly byt stroje sta-
nici protazeny a ddle pokradovala razba a7 ke stanici Cerveny
Vrch.

Priblizné 150 m za stanici Veleslavin vjedou stroje do predem
vyhloubené stavebni jamy pudorysnych rozmért 51x31 m. Po
projeti obou razicich mechanizmu touto jamou bude cely kom-
plex obsluhy stroje (odt€Zovdani rubaniny, sklddka Zelezobeto-
novych dilca, napojeni na média atd.) prenesen k této stavebni
jamé a dal3i razba tratovych tuneld bude zaji§téna z tohoto
mista. To umozni v prubéhu dal$i razby tratovych tunelu

INTRODUCTION

Despite the fact that several tens of kilometres of tunnels for
the Prague metro system have been driven in Prague in recent
years using various types of driving shields, the construction of
the new section of the Line A is the first case of the use of
modern tunnelling machines — earth pressure balance shields
(EPBS) on the metro. A system consisting of 5+1 lining seg-
ments was designed for the 5.3/5.8 m diameter tunnel. With the
geological environment, depth of the line placement and the
small height of the groundwater table above the tunnel crown,
the stress acting at the tunnel cross-section determined by calcu-
lations is mostly characterised by large eccentricity of the nor-
mal force. For that reason the design is carried out for reinforced
concrete conditions. Structural calculation analyses of the rein-
forced concrete segmental lining were carried out following the
procedures recommended by the ITA-AITES. The loads acting
during the erection of the segments and after shifting ahead were
determined in close collaboration with the supplier of the tun-
nelling machine. Taking into consideration the variability of the
geological environment along the tunnel alignment, the reinfor-
cement design was optimised to two types using steel bars. Joints
between segments and the loading induced by thrust cylinders of
the machine were assessed in a detailed way by means of the 3D
FEM analysis, using a set of material characteristics of concrete
obtained from mechanical tests. Thus the design for the segmen-
tal lining returned to Prague metro tunnels after 25 years. This
step change, taking place after the long period, is getting the
lining on a new level, corresponding to current requirements.

BRIEF OVERVIEW OF THE ROUTE

The proposal for the construction of the single-track running
tunnels using the EPBS technology assumed that 2 EPB shields
would be deployed on the track section between Motol and
Petfiny stations near the Vypich intersection. The construction
site in this location allows supplying with materials for the exca-
vation to proceed simultaneously with removing the muck.
Muck is removed by means of belt conveyors. Both EPBS
machines were lowered piece by piece down a circular construc-
tion pit with the diameter of 21.6 m and depth of 33.1 m, allo-
wing the tails of the machines to be shifted to an assembly cham-
ber which had been pre-excavated in the location of the double-
track tunnel. The chamber is connected with the surface by an
access gallery, continuing by a descending ramp. The EPBS dri-
ving proceeds in the direction of the existing Dejvicka station.
After completing the excavation of an about 500 m long section,
the tunnelling machines were pulled through sidewall drifts of
Petfiny station. After the pulling operation, the downhill excava-
tion of the running tunnels continues toward Veleslavin station.
It is necessary to excavate both sidewall drifts provided with the
primary lining in the triple-vault Veleslavin station in advance so
that the machines can be pulled through the station and proceed
further up to Cerveny Vrch station.
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Obr. 1 Geologicky profil trasy 1. ¢dst Motol — Veleslavin
Fig. 1 Geological profile of the route part 1: Motol — Veleslavin

VELESLAVIN H

CERVENY VRCH

KVARTER - QUATERNARY

holocén - Holl 4 i
olocen - Holocene perucké vrstvy: jllovce, prachovce,

piskovce, uhelné viozky
Peruc formation: claystone, siltstone,
sandstone, coal intercalations

PALEOZOIKUM - PALAEOZOIC

antropogenni ulozeniny — anthropogenic deposits

fluvialni sedimenty (holocénni naplavy)
fluvial sediments (Holocene alluvium)

deluviofluvialni sedimenty

a deluviofluvial sediments silur - Silurian
7y | fluvidini piscité Stérky (terasy) literiské souvrstvi: derné jflove a vapnité
fluvial sandy gravels (terraces) - bidlice - Liteft formation: black claystone
I ] deluvidini pis¢itohlinité sedimenty and calcareous shale
L .I deluvial sandy-loamy sediments

ordovik — Ordovician
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sprade, sprasové hliny s tlomky hornin

loess, secondary loess with rock fragments = ‘
MEZOZOIKUM - MESOZOIC

kfida — Quaternary

bélohorské souvrstvi: slinovce, na bazi jilovce
Bila Hora formation: marlstone on claystone base
korycanské vrstvy: kfemenné a jilovité piskovce,
nejvyse glaukonitické - Korycany formation: quartzose | = |

kosovské souvrstvi: piskovce, droby,
piscité bridlice — Kosov formation:
sandstone, greywacke, sandy shale
krélovodvorské souvrstvi: Sedozelené
jilovité bfidlice — Kraltv Dvr formation:
grey-green clayey shale

bohdalecké souvrstvi: tmavosedé jilovité
bfidlice — Bohdalec formation: dark grey

zéhoranské souvrstvi: Sedé prachovce
Zéhorany formation: grey siltstone
vinické souvrstvi: ¢erné jilovité bridlice
Vinice formation: black clayey shale
letenské souvrstvi: droby, pis¢ité bridlice
Letna formation: greywacke, sandy

shale i,* !

liberiské souvrstvi: ¢erné jilovité bridlice,
skalecké kiemence - Liber formation:

black clayey shale, Skalec quartzite
dobrotivské souvrstvi: ¢erné jilovité bridlice,
skalecké kiemence — Dobrotiv formation:
black clayey shale, Skalec quartzite

Sarecké souvrstvi: jilovité bridlice, alterované
bazalty, aglomeraty — Séarka formation: clayey

sandstone, clayey sandstone, on the top glauconitic clayey shale

shale, altered basalt, agglomerates

Obr. 2 Geologicky profil trasy 2. ¢dst Veleslavin — Dejvickd
Fig. 2 Geological profile of the route part 2: Veleslavin — Dejvickd

zdroven pokracovat v razbé stanic Petfiny a Veleslavin. Po pro-
taZen{ razicich stroju stanici Cerveny Vrch, kter je budovdna
v predstihu, bude pokracovat razba tratovych tuneld aZ
k provozované stanici metra Dejvicka.

Celkem tedy bude technologii EPBS vyrazeno na trase V.A
2x4050 m tuneld.

VSTUPNI PARAMETRY NAVRHU

Trasa ma maximalni spad 39,5 %o, minimaln{ polomér sméro-
vého oblouku tratovych koleji je 500 m, minimdlni polomér
zakruzovaciho oblouku tratovych koleji je 1 800 m. Zvoleno
bylo jednopladtové osténi z prefabrikovanych ZB segmentt,
vnitini prumér osténi 5,30 m, tloustka osténi 250 mm, stfedni
délka prstence 1,50 m. NavrZen byl systém 5+1 dilct pfi opti-
malizaci ndvrhu raziciho stroje.

Approximately 150 m behind Veleslavin station, the machi-
nes will arrive at the pre-excavated construction pit with the
ground plan dimensions of 51 x 31 m. When they pass through
this pit, the entire back-up complex (equipment for removing of
muck, storing of reinforced concrete segments, carrying media
connecting lines) will be moved to this construction pit and
subsequent excavation of the running tunnels will be carried
out from this location. Owing to this system it will be possible
during the course of the subsequent excavation of running tun-
nels to continue to excavate both Petfiny and Veleslavin stati-
ons. After pulling the tunnelling machines through Cerveny
Vrch station, which will be built in advance, the excavation of
running tunnels will continue up to the operating metro station,
Dejvicka.

In total, about 2 x 4050 m of tunnels will be driven using the
EPBS technology on the Line V.A.
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Geologické a hydrogeologické podminky trasy jsou znané DESIGN INPUT PARAMETERS
variabilni (obr. 1 a 2). Predkvartérni podklad je tvofen hornina-
mi paleozoika — jednak ordovickymi souvrstvimi jilovitych
bridlic, kifemencu, piskovcu, prachovcu, tufi a piscitych
a prachovitych bridlic (8drecké, dobrotivské, libenské, letenské,
vinické, zahoranské, bohdalecké, kralodvorské a kosovské vrst-
vy), jednak silurskym souvrstvim jilovitych a vapnitych bridlic
vrstev liteniskych. Zastoupeny jsou i horniny mesozoika —
svrchni kiidy — souvrstvimi piskovcl, prachovct, slinoveu,
jiloveu a slepencu (vrstvy perucké, korycanské a bélohorské).

V horninéch paleozoika je omezend puklinové, misty prulino-
va propustnost s velmi nizkou vydatnosti podzemnich vod.
V hornindch svrchni kiidy se pak jednd o oddélené zvodné jed-
notlivych souvrstvi s puklinovou aZ prualino-puklinovou pro-
pustnosti.

Kvartérni sedimenty jsou zastoupeny Sirokou Skdlou typu
(eolické, eolickodeluvidlni, deluvialni, fluvialni, deluviofluvial-
ni a antropogenni). Zvodnéni je v nich vdzano hlavné na ddolni
fluvidlni sedimenty (HPV komunikuje s okolnimi vodotecemi).

Z hlediska vlivu agresivniho prostfedi na betonové kon-
strukce je trasa rozdé€lena na dva useky s poZzadovanym zatiidé-
nim betonu do tiid XAl a XA2 s predpoklddanym rozhranim
v cca km 14,100. Segmenty jsou navrzeny z betonu C50/60 —
XAl(resp. XA2) — XC3 - Cl1 0,20 — Dmax 16 — max. prusak
30 mm podle CSN EN 12 390-8 s vyztuzi B 500B. Stupen agre-
sivity prostfedi XA2 je ale tvofen kombinaci dvou XAl (sira-
nové a uhli¢itanové), neni tedy nutno pro vyrobu pouZivat sira-
novzdorné cementy. Navrh armoko3u je na zdkladé rozhodnu-
ti objednatele proveden z prutové vyztuze vazané v prefe.

The alignment maximum longitudinal gradient is 5 %o, the
minimum radius of the horizontal alignment of running tunnels
is 500 m, the minimum radius of a vertical curve on running
tracks is 1800 m. A single-shell lining has been chosen, consis-
ting of precast reinforced concrete segments. The inner diame-
ter of the lining is 5.30 m, the segments are 250 mm thick, the
mean width of the lining ring is 1.50 m. When the tunnelling
machine was being designed, the 5+1 system of segments was
proposed.

Geological and hydrogeological conditions along the route
are very variable (see Figures 1 and 2). The pre-Quaternary bed-
rock is formed either by Palaeozoic Era rocks — the Ordovician
layers of clayey shales, quartzite, siltstone, tuff and sandy and
silty shales (the Sérka, Dobrotiva, Libefi, Letnd, Vinice,
Zahorany, Bohdalec, Kraluv Dvur and Kosov strata) or the
Silurian strata of clayey and calcareous shales of the Liten for-
mation. The Mesozoic rocks (the Upper Cretaceous) are also
present. They are represented by sandstone, siltstone, marlstone,
claystone and conglomerate measures (the Peruc, Korycany and
Bila Hora strata).

The Palaeozoic rocks display limited fissure permeability,
locally intrinsic permeability with very low groundwater yield.
In the Upper Cretaceous formation there are separated aquifers
of individual series of strata with fissure permeability to intrin-
sic-fissure permeability.

The Quaternary sediments are represented by a wide range of
types (aeolian, aeolian-deluvial, deluvial, fluvial, deluvial-flu-
vial and anthropogenic). The saturation is bound first of all to
valley fluvial fills (the water table communicates with streams

POUZITE VYPOCTOVE PROGRAMY in the vicinity).
Vypocetni konstrukéni analyzy segmentového osténi byly In terms of the influence of the corrosive environment on
provedeny podle doporucenych postupt ITA-AITES. Vypolty concrete structures, the route is divided into two sections with

v charakteristickych pfi¢nych fezech byly uskute¢nény metodou the concrete quality divided into grades XA1 and XA2, with the
kone&nych prvku (FEM) v programech GEO5-MKP a MIDAS anticipated interface approximately at chainage km 14.100. The

GTS. Detailni posouzeni styku dilca v prstenci i posouzeni zati- segments are designed in concrete C50/60 — XAl(or XA2) —
Zeni od tladnych lisu raziciho stroje bylo provedeno analyzou XC3 - CI 0.20 — Dmax 16 — max. water penetration depth of
Informace o I.D.
- Mmin = -421.53 kNm
-13500.00-:- Mmax = 422,07 kNm
: M = -13286.54 kN
~12000.00- [ - = 541,76 kN
] M{N=) = 100,21 kNm
: : =0.10
10500.00¢ +HN=0]) = 83.02 kMm
] E = 0, 10

1500.00'g- -~ -=*

L
58

Obr. 3 Posouzeni ZLB privrezu v programu FIN EC BETON 2D
Fig. 3 Assessment of the RC section using the FIN EC BETON 2D program
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Obr. 4 Prostorovy model vyztuZe a hotové dilce na sklddce
Fig. 4 3D model of reinforcement; Finished segments at stock yard

FEM ve 3D modelech v programu ATENA 3D s pouZitim sou-
boru materidlovych charakteristik redlného betonu ziskanych
z mechanickych zkouSek zkuSebnich téles. Dimenzovani tybin-
ka bylo provedeno v programu FIN EC BETON 2D (obr. 3).

VYPOCTY V CHARAKTERISTICKYCH PRICNYCH REZECH

V jednotlivych tratovych dsecich jednokolejnych tuneli bylo
zvoleno celkem 8 charakteristickych pri¢nych fezu, které se 1isi
riznymi vy§kami nadloZi, geologickymi poméry a vyskou hladiny
spodni vody i polohou zdstavby nad trasou tak, aby postihovaly
celkovou variabilitu trasy. V téchto fezech byly provedeny zdklad-
ni vypolty. Dalsi ovéfujici vypolty jsou prubézné provadény
v mistech soubéhu tunelii raZenych zeminovymi 3tity s pii-
stupovymi Stolami a eskalatorovymi tunely. S ohledem na variabi-
litu téchto v8ech vstupnich podminek v trase tunelt byla uskute¢-
néna optimalizace na dva razné typy vyztuZeni prutovou vyztuzi —
tzv. ,,lehky* a ,téZky* typ. ProtoZe ale rozdily v kone¢ném ndvrhu
vyztuze (s prihlédnutim i ke konstrukénim zdsaddm) nebyly tak
vyrazné (lehky typ 96,21 kg/m3, tézky typ 104,50 kg/m?), rozho-
dl se dodavatel nakonec vyrabét pouze jeden typ tybinku pro celou
trasu (obr. 4). V prubéhu dal§ich praci na jednotlivych tratovych
usecich a pfi zaddni poZadavku investorem na koordinaci
s uvazovanou budouci zdstavbou v prostoru stanice Veleslavin
bylo nutno navrhnout jesté vice vyztuZeny typ osténi pro omeze-
ny Usek trasy s vyztuZzenim v hodnoté 127,24 kg/m3.

Vypocty piiénych feza v horninovém modelu byly provedeny
metodou kone¢nych prvka (obr. 5). Byla vzdy feSena dvojdi-
menziondln{ dloha za stavu rovinné deformace. Horninové pro-
stiedi bylo uvazovédno jako nehomogenni, izotropni a pruzné-
plastické s plochami plasticity podle Mohr-Coulomba.

TuouHel

30 mm to CSN EN 12 390-8, with B 500B reinforcement. But
the XA2 grade of corrosivity of the environment is formed by
a combination of two XA1 (sulphatic and carbonaceous). For
that reason it is not necessary to use sulphate-resisting cements
for the production of concrete. Reinforcement cages design, as
decided by the project owner, requires steel bars tied-up in the
casting yard.

CALCULATION PROGRAMS USED

The structural calculation analyses of the segmental lining
were conducted in accordance with procedures recommended by
the ITA-AITES. The calculations for characteristic cross-secti-
ons were carried out using the Finite Element Method (FEM) in
GEO5-MKP and MIDAS GTS software. The detailed assess-
ment of joints between segments in a ring and the assessment of
loads induced by thrust cylinders of the tunnelling machine was
carried out by means of 3D models of the FEM analysis, in the
ANTENA 3D program, using a set of material characteristics of
real concrete obtained during the course of mechanical testing of
test specimens. The dimensioning of segments was conducted
using the FIN EC BETON 2D program (see Fig.3).

CALCULATIONS FOR CHARACTERISTIC
CROSS-SECTIONS

The total of 8 characteristic cross-sections were selected for the
individual sections of the single-track running tunnels. They captu-
re the general variability of the route, differ in the heights of over-
burden, geological conditions and the water table level, as well as
the urban development above them. The basic calculations were
carried out for these cross-sections. Other verification calculations
have been continually conducted for locations where the tunnels
driven by the EPBS join with access galleries and escalator tunne-
Is. Taking into consideration the variability of all input conditions
along the tunnel route, the concrete reinforcement was optimised to
two different types of steel bar reinforcement — the so-called “light”
type and “heavy” type. However, because of the fact that the diffe-
rences in the final reinforcement design (taking into consideration,
among others, the structural principles) were not so big (96.21
kg/m3 for the light type, 104.50 kg/m3 for the heavy type), the con-
tractor eventually decided to produce only one type of segments for
the entire metro line (see. Fig.4). It was necessary during the cour-
se of subsequent work on individual track sections and after recei-
ving the project owner’s requirement for the coordination with the
urban development planned for the area of Veleslavin station, to
design a more reinforced type of the lining for a limited section of
the route, with the reinforcement rate of 127.24 kg/m3.

The calculations for the cross-sections in the ground model
were carried out using the Finite Element Method (see Fig. 5).

STATICKE RESEN| SEGMENTOVEHO OSTENI
VIBOCET MkP

==

Obr. 5 Ukdzka vystupu z programu GEO5 TUNEL
Fig. 5 A sample of outputs from GEOS TUNEL program
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Obr. 6 Stanoveni zatiZeni osténi (ve 2D modelu MKP poufita tzv. beta metoda)

Fig. 6 Determination of loads acting on the lining (the so-called Beta Method was Used in the 2D Finite Element Model)

Z hlediska geologického prostfedi a jeho variability byla
predevsim diskutovdna otdzka mozZnosti prekonsolidace
v nékterych vrstvach zastizenych na trase s ohledem na volbu
soucinitele K do vypoctu. Nakonec byla tato moZznost vylou-
¢ena a hodnoty boc¢niho tlaku jsou v programech pocitany
standardné.

Osteni je v modelu definovano jako pruzny izotropni material.
Vlastnosti navrzeného betonu C50/60 jsou uvaZovdny podle
EC2. Vliv spdr mezi segmenty v prstenci osténi je zohlednén
pomoci efektivntho momentu setrvacnosti podle Muir Wooda
s uvazenim nulové hodnoty momentu setrvacnosti pri¢nych spar.

Technologie vystavby je nastavena tak, Ze mezi realizaci vyru-
bu a osazenim prstence osténi je urCitd Casovd prodleva, kdy je
vyrub po uréitou dobu nevystrojen. Program umoZznuje fesit
tento problém v ramci tzv. metody opérnych sil (B-metoda).
Stanoveni soucinitele B bylo v kazdém charakteristickém fezu
provedeno iteraéné podle postupt doporuéenych v [1] (obr. 6).

ZATIZENI

Pro vypocty osténi v pri¢nych fezech se predpokladaly tii
zakladni skupiny zatéZovacich stavi: provozni (kone&ny), sta-
vebni a manipulaéni. Souddsti provoznich zatéZovacich stavi
je zatiZzeni vlastni vdhou, horninovym tlakem a tlakem pod-
zemni vody, teplotni zatizZeni, zatiZeni stavebnim vybavenim
tunelu (kolejové betony atd.), zatiZeni od vlakovych souprav.
Pfi stavebnim stavu se uvaZuje zejména zatizen{ pritlakem lisu
pri razbé (toto zatiZeni bylo predmétem dal§iho modelovani
detaild prvku), zatizeni od pojezdu §titu a zdsobovaciho vozid-
la, zatiZeni injekénim tlakem prfi provadéni injektazi za oste-
nim. Manipulaéni zatiZeni zahrnuji veSkeré stavy pfi manipu-
laci s jednotlivymi dilci od vyroby pres dopravu aZ po zabu-
dovani do osténi. Pfi vyrobé dilca jsou pak prvky z betonu
v ranych stupnich zralosti. S dodavatelem bylo dohodnuto, Ze
logistika manipulace a skladovani dilct bude navrZena tak, aby

They always consisted of solving a two-dimensional problem in
the condition of plain strain. The ground environment was assu-
med to be non-homogeneous, isotropic and elasto-plastic, with
plasticity surfaces according to Mohr-Coulomb.

In terms of the geological environment and its variability, the
question discussed most of all was the possibility of over-con-
solidation in some layers encountered along the route, with res-
pect to the choice of K coefficient for the calculations. This
possibility was eventually excluded and lateral pressure values
are calculated in a standard way in the programs used.

The lining is defined in the model as an elastic, isotropic
material. Properties of the proposed C50/60 concrete are consi-
dered to be to the EC2. The influence of joints between seg-
ments in a lining ring is allowed for by means of the effective
moment of inertia to Muir Wood, with the zero value of the
moment of inertia of transverse joints taken into consideration.

The construction technology is determined so that there is
a certain time lag between the completion of the excavation and
the erection of the lining ring, during which the excavation rema-
ins unsupported for some time. The program makes the solving
of this problem possible within the framework of the so-called
Convergence Confinement Method (B-method). Coefficient B
was determined for each characteristic cross-section by iteration,
following procedures recommended in [1] (see Fig.6).

LOADS

The following three basic groups of loading cases were assu-
med for the purpose of calculations of the lining in the cross-sec-
tions: loading during operation (final), during construction and
when handling materials. Part of the operational loading cases is
the loading induced by the dead weight, ground pressure and
groundwater pressure, thermal loading, loading induced by con-
struction equipment of the tunnel (trackbed concrete) and loads
induced by passing trains. During the construction loading case,
the main loads are assumed to be induced by thrust cylinders




20. rocnik - €. 4/201

TuouHel

s
=
Trhlinky pro 190% zatizeni
; s Cracks for 190 % loading
gt
-
; ==
=
Aoy —

)

during the excavation (this loading case
was subjected to additional modelling
of details of components), the moving
shield and a supply vehicle and the
pressure of grout during the grout injec-
tion behind the lining. The material
handling loading comprises all cases
existing when individual segments are
being handled, from the manufacture
through the transport, up to the incorpo-
ration into the lining. Concrete elements
are then in the early stages of maturity
during the production of the segments.
| The contractor agreed that the logistics
1 of handling and storing the segments
i would be proposed in a way guarantee-
ing that the group of handling equip-
ment did not increase requirements for
the reinforcement of the segments. This
requirement has been completely met.

ASSESSMENT OF DETAILS AND
JOINTS

Obr. 7 Analyza 3D kruhového prstence
Fig. 7 3D analysis of a circular ring

skupina manipulacnich zatiZeni nezvySovala naroky na vyztu-
Zenf dilcu. Toto se bezezbytku podafilo dodrZet.

POSOUZENI DETAILU A STYKU

Detailni posouzeni styki dilci i zatizeni od tlaénych lisu
raziciho stroje bylo provedeno analyzou FEM ve 3D s pouzitim
souboru materidlovych charakteristik betonu ziskanych
z mechanickych zkouSek v Kloknerove ustavu. Jednalo se
o nésledujici vypocty:

— kruhovy prstenec zatiZeny kontaktnim napétim z modelu 2D,

— posouzeni radidlni spary nedeformované,

— posouzeni radidlni spary deformované podle zadané hod-

noty ovalizace,

— posouzeni dilcu na sily od lisa stroje.

ProtoZe osténi tunell je navrzeno jako jednopldstové, je
zdkladnim kritériem vodonepropust-

The detailed assessment of joints
between segments and loads induced
by thrust cylinders of the tunnelling

machine was conducted by the 3D FEM analysis using a set of
material characteristics of concrete obtained by mechanical tes-
ting at the Klokner Institute. The following calculations were
carried out:

Circular ring loading by contact stress from the 2D model

Assessment of radial joint non-deformed

Assessment of radial joint deformed according to the preset
ovalisation value

Assessment of segments for thrust forces induced by the
machine

Since the lining is designed as a single-shell structure, the
basic criterion is the waterproofing capacity of the lining. For
that reason the origination of a through-thickness crack has to
be prevented with sufficient degree of safety.

The calculation of the circular ring in the 3D model loaded by
ground pressure values according to contact stresses determined

nost konstrukce. Proto predev§im pri
zatiZeni od lisi stroje nesmi s do-
state¢nou bezpecnosti vzniknout pru-
bézna trhlina na celou tloustku osténi.

Vypocet kruhového prstence ve 3D
modelu zatiZeného hodnotami zemniho
tlaku podle kontaktnich napéti stanove-
nych z vypoéta 2D charakteristickych
fezi prokédzal dostateGnou bezpe&nost
konstrukce predevs$im na vznik a rozvoj
trhlinek. Deformacéni odezva odpovida-
la zhruba 2D modelum. Modelovédno
bylo skute¢né geometrické usporadani
kontakti ve spdrdch i vyztuZeni pruto-
vou vyztuzi. Zanedbén byl vliv nik pro
spojovaci Srouby (obr. 7).

Posouzeni radidlni spary proveéfilo
dostate¢nou tnosnost detailu spary na
soustfedéné zatizeni v kontaktni plose
mezi jednotlivymi dilci prstence i pri

uvazované ovalizaci profilu 25 mm
(obr. 8).

Obr. 8 Analyza 3D radidlni spdry
Fig. 8 3D analysis of a radial joint
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Znacnd pozornost byla vénovdna
posouzeni jednotlivych dilct na zatiZzen{
silami od list stroje pfi posunu $titu.
Kazdy z dilct kromé ,.klendku* je zati-
Zen tfemi dvojicemi lisi v pfedem defi-
novanych polohdch. Pro dvojici lisu je
definovano maximalni zatiZzeni silou,
kterd je vyvozena hydraulikou a nemuZe

byt prekrocena. S ohledem na variabili- ZATIZENI 3 DVOJICEMI LISU . i Tf
tu geologie v profilu Celby a smérové LOADING BY A PAIR OF PRESSES ~
a sklonové poméry trasy je ale zarule- et _' -

no, Ze kazdd dvojice list bude vyvozo- \ i g I"L*_

vat rozdilné sily v rozmezi od nuly do lir e

sily maximdlni. Toto bylo zohlednéno a1 100°

i p}f]i modelovani zatl’ienz Ve spare mezi - Rgﬂ%m%ﬁgﬁiﬁc&g}lﬁé: 1R|81E0g "

jednotlivymi prstenci jsou vloZeny pre-
klizky tl. 3 mm. Pfes tyto desky se pre-
nasi zatizeni do dalSiho prstence, maxi-
mélni stlaceni desky je na 2 mm.
Zatezovan tedy byl vzdy kazdy dilec
v riznych variantdich moZnosti zatiZen{
postupnym pifrustkem tlakové sily od
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DEVELOPMENT OF MICROFISSURES AT 100 %
LOADING - MAGNITUDE
OF ABOUT 1.8E-5

L b

lisa aZ do kone¢ného kolapsu modelu.
Dilce byly vymodelovdny vletné nik
pro spojovaci Srouby a redlného vyztu-
Zeni prutovou vyztuzi. Podepfeny byly deskami z preklizky
s vlastnostmi podle pfedanych parametra (pieklizky uvazovédny
jako pruzny materidl). Vypocty prokdzaly dostate¢nou bezpec-
nost prvku pro zadand zatizeni v modelovych situacich. Pfi
100 % zatizeni dochdzelo ke vzniku mikrotrhlinek v fadu 10->m
(obr. 9), pfi 200-210 % zatizeni pak ke vzniku prvni trhlinky
velikosti 0,15 mm (obr. 10). Pfi obdobné hodnoté zatiZeni
(220-230 %) pak i ke vzniku prvni prubézné trhlinky na celou
tloustku prvku. Ke kolapsu dilce pak dochdzelo v rozmezi
250-330 % zatizeni (obr. 10). Veskeré tyto modelové situace
byly potvrzeny i zatéZovacimi zkouSkami v Kloknerove dstavu
— odpovidal charakter vznikajicich trhlinek i droven zatiZeni, pri
kterém vznikaly. Vzhledem k velikostem sil v pritlaénych val-
cich a moZnostem zkuSebny bylo dosaZeno destrukce prvku
pouze v pripadé simulace zatiZeni jednou dvojici lisa. Ale
i v tomto pripadé turoven zatiZeni na hranici poruSeni dilce
odpovidala vysledkim z modelového feseni (obr. 11).

Obr. 9 Analyza 3D dilce pFi 100% zatiZent od lisi stroje
Fig. 9 3D analysis of a segment under the 100 % load induced by thrust cylinders

from 2D calculations for the characteristic cross-sections pro-
ved that the safety of the structure, first of all against cracking
and growing of cracks, is sufficient. The deformational respon-
se roughly corresponded to 2D models. The modelling covered
the real geometrical configuration of contacts in joints and the
steel-bar reinforcement. The influence of niches for coupling
bolts was omitted (see Fig.7).

The assessment of the radial joint confirmed that the load-
bearing capacity of the detail of the joint is sufficient in the case
of a concentrated load acting on the contact area between indi-
vidual segments of the ring even if the ovalisation assumed to
be up to 25 mm is reached (see Fig.8).

Significant attention was devoted to assessing of individual seg-
ments for loads induced by thrust cylinders when the shield is being
propelled ahead. Each of the segments, with the exception of the
key, is loaded by three pairs of cylinders installed in pre-defined
positions. The maximum, insurmountable loading by the force

induced by the hydraulic cylinders is defi-
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ned for the couples of cylinders. However,
it is guaranteed, taking into consideration
. the variability of the geology within the
g o tunnel face profile and the horizontal and
vertical alignment conditions, that each
couple of cylinders will exert different
forces, ranging from zero to the calculated
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ROZVOJ TRHLINEK PRI 210% ZATIZENI
DEVELOPMENT OF FISSURES AT 210 % LOADING
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VZNIK TRHLINEK 0,15 mm PRI 210% ZATIZENI
DEVELOPMENT OF FISSURES 0.15 MM AT 210 % LOADING

KOLAPS PRI 330% ZATIZENi
COLLAPSE AT 330 % LOADING

Obr. 10 Analyza 3D dilce pri vzniku trhlinek a kolapsu
Fig. 10 3D analysis of a segment at the moment of the origination of cracks and a collapse

maximum. This system was also allowed
for when the loading was being modelled.
There are 3 mm thick plywood slabs inser-
ted in the joint between individual lining
rings. Loads are transferred through these
slabs do the next ring. The maximum
compression of the slab is up to 2 mm.
Each ring was therefore loaded under vari-
ous loading variants, with the increments
of the pressure force of the jacks continu-
ing until the final collapse of the model
happened. The segments were modelled
including niches for coupling bolts and the
real steel bar reinforcement. They were
supported by plywood boards having the
properties according to the obtained para-
meters (plywood considered as an elastic
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material). Calculations proved that the
safety of the elements was sufficient for
the set loads in all modelled situations. At
100 per cent loads, microfissures develo-
ped in the order of 10-5m (see Fig.9); in
the case of load values of 200 — 210 per
cent of the maximum permitted load, the
first 0.15 mm wide fissure appeared (see
Fig.10). At a similar value of the loading
(220 — 230 %), the first through-running
crack developed. The segment collapsed
under the loading ranging from 250 — 330
per cent (see Fig. 10). In addition, all of the
model situations were confirmed by loa-
ding tests in the Klokner Institute; the cha-
racter of developing cracks and the level of
the loads under which they originated cor-
responded to the model situations. Because
of the magnitudes of forces in the thrust
cylinders and the capacities of the testing

Obr. 11 Fotografie ze zatéZovaci zkousky dilce v Kloknerové vistavu CVUT Praha; pritbéh rozvoje trhlinek
PFi zkou$ce odpovidal 3D modelu MKP; ke kolapsu doslo pFi vyssi dirovni zatiZeni

Fig. 11 Photo taken during a segment loading test in the Klokner Institute of the Czech Technical University
in Prague. The curve for the development of cracks during the test corresponded to the FEM 3D model; the
segment collapsed under a higher level of loading

ZAVER

V soucasné dobé probihaji razby zeminovymi $tity na mezi-
staniénim dseku Petfiny — Veleslavin. Je tak jiZ vyrazeno néko-
lik prvnich set metra touto technologii. Na néjaké celkové zhod-
noceni projektu je zatim brzy. Zatim se nevyskytly Zddné zdsad-
ni problémy vyplyvajici z ndvrhu segmentového osténi.
Zkusenosti ze stavby jen potvrzuji, Ze praktické problémy, které
pri realizaci vznikaji, jsou jen t€Zko predvidatelné v projektové
pripravé a predevsim i tézko ,,modelovatelné“. Vypocéty meto-
dou kone&nych prvki jsou na jedné strané velmi sofistikované,
nicméné volba okrajovych podminek se skute¢nym podminkdm
in situ muZe jen pribliZit a materidlové vlastnosti i hodnoty uva-
zZovanych zatiZeni jsou pouze statisticky ziskanymi veli¢inami.
Proto by tyto veSkeré mozné dodate¢né vlivy ve vétSiné pripa-
da mély byt pokryty vhodné aplikovanymi tzv. konstrukénimi
zdasadami a pristupem zdravého rozumu projektanta.

Pozn.: Vypocty v charakteristickych pri¢nych rezech byly pro-
vedeny metodou koneénych prvkii programy GEOS5-MKP
a MIDAS GTS.

Detailni posouzeni styku dilcii i zatiZeni od tlacnych lisu razi-
ctho stroje bylo provedeno analyzou FEM ve 3D v programu
ATENA 3D s pouZitim souboru materidlovych charakteristik
redlného betonu ziskanych z mechanickych zkousek.

Dimenzovdni segmentii bylo provedeno v programu FIN EC
BETON 2D.

ING. JOSEF K UIVAK, kunak@metroprojekt.cz,
ING. MARTINA URBANKOVA,
urbankova@metroprojekt.cz,

TOMAS URBANEK, urbanek@metroprojekt.cz,
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laboratory, the destruction of an element
was reached only in the case of the simula-
tion of the loading by a single pair of jacks.
However, the failure loading level corres-
ponded to results of the model solution
even in this specific case (see Fig. 11).

CONCLUSION

At the moment, the earth pressure balance shields are driving
the section between stations of Petfiny and Veleslavin. Several ini-
tial metres of the tunnel excavation have been finished using this
technology. It is still too early to carry out an overall assessment
of the design. No crucial problems resulting from the segmental
lining design have been experienced yet. The experience gained
during the construction has only confirmed that practical problems
encountered in situ are hard to foresee during the design prepara-
tion and, above all, are hard to “model”. On the one hand, the
Finite Element Method calculations are highly sophisticated; on
the other hand, the selection of boundary conditions can only app-
roximate the real in-situ conditions and material properties and the
values of the loads assumed in calculations are quantities obtained
only by statistical methods. For that reason all possible additional
influences should be dealt with in the majority of cases by apply-
ing proper “structural principles” and designer’s common sense.

Note: The calculations for the characteristic cross-sections
were conducted by the Finite Element Method, using GEOS5-
MKP and MIDAS GTS programs.

The detailed assessment of joints and the loading induced by
thrust cylinders of the tunnelling machine was carried out by
the FEM analysis in the ANTENA 3D program, using a set of
material characteristics of the real concrete, obtained by
mechanical testing.

Dimensioning of segments was carried out in the FIN EC
BETON 2D program.
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DOKONCENI RAZEB A PRIMARNIHO OSTENI NA TUNELU BRUSNICE
STAVBA €. 9515 MYSLBEKOVA - PRASNY MOST

THE COMPLETION OF EXCAVATION AND PRIMARY LINING
OF THE BRUSNICE TUNNEL, CONSTRUCTION LOT 9515:
MYSLBEKOVA - PRASNY MOST

JAROMIR HERT

1. OvoD

Tunel Brusnice je soucasti tunelového tuseku Blanka
a predstavuje komplex raZenych a hloubenych tfipruhovych
tuneld mezi mimotroviiovou kfizovatkou Malovanka a Pras-

NP3

nym mostem na Praze 6. Mensi ¢dst tohoto tseku tvori dvé raze-
né tunelové trouby s velikosti pfi¢ného fezu cca 172 m? (Sitka
vyrubu 17 m, vyska 13,5 m) a délky cca 550 m.

Razba probihala v prostredf jilovitych bridlic prazského ordo-
viku s proménlivou vyskou skalniho nadloZzi.

Razba severni tunelové trouby (STT) byla zahdjena v fijnu
2009 s vodorovnym ¢&lenénim vyrubu z portdlu Myslbekova.
S tfimé€siénim odstupem byla zahédjena razba jiZni tunelové trou-
by (JTT), u niz s ohledem na vysledky geotechnického monito-
ringu a podchod barokniho opevnéni bylo pro razbu zvoleno
bezpednéjsi svislé ¢lenéni vyrubu. Z duvodu zlepseni geologic-
kych podminek byl po asi 50 m razby JTT proveden prechod na
vodorovné Elenéni vyrubu.

Razba STT probihala v obdobné priznivych geologickych
podminkéch s vodorovnym ¢lenénim vyrubu aZ do stani¢eni km
13,034 60, tj. v délce asi 400 m. Na zdkladé vysledku dopliiuji-
ciho geotechnického prazkumu, ktery potvrdil a upfesnil o&eka-
vané zhorSeni geologickych podminek, byla razba od tohoto sta-
s nasledujicimi dopliujicimi opatrenimi (roz¢lenéni profilu na
7 dil¢ich vyrubu s minimalizovanou plochou, zkrdceni délky
zabéru, provadéni predstihovych ochrannych destniku z injekto-
vanych ocelovych trubek). Timto zpusobem bylo vyraZeno
zhruba 70 m (levého opérového tunelu), pricemz vysledky geo-
technického monitoringu vykazovaly trvale priznivé hodnoty.

Dne 5. 7. 2010 ve 23:30 doslo pri likvidaci provizornich stén
opérovych tunelu ke ztrdté stability nadloZi v blizkosti Celby
stfedni kaloty tunelu. Nésledny zdval zpusobil propad nadlozi
az k povrchu terénu a zasypdni ¢asti tunelu vCetné pracovniho
stroje a strojnika. Prubéh mimofddné udélosti byl necekany
a velmi rychly bez predchézejicich varovnych projevu.

Okamzité po vzniku mimorddné uddlosti byly zahdjeny prace
na vyprostovani pracovnika z podzemi a provedeny vSechny
tikony podle platného havarijniho planu.

Priblizné v 6:30 hod. doslo k vyprosténi strojnika z podzemi.
Po 1ékarské prohlidce bylo konstatovano, Ze jeho zdravotni stav
nedoznal Zadné djmy.

Nadsledujici ¢ldnek je zaméfen na popis stavebnich praci pro-
vedenych na dokonéeni priméarniho osténi ve zbyvajicich ¢as-
tech tunelu Brusnice po zdvalu ze dne 5. 7. 2010.

2. PROJEKT DOKONCENI RAZEB

Pro moznost dokonleni razeb priméarniho osténi, po vySe
uvedeném propadu nadloZi, bylo nutno, aby se pri vypracovani
projektové dokumentace vychdzelo z provedeného vrtného
dopruzkumu v misté budouci dorazby. Muselo se zvazit celé

1. INTRODUCTION

The Brusnice tunnel is part of the Blanka tunnel section. It is
a complex of mined and cut-and-cover triple-lane tunnels bet-
ween the Malovanka grade-separated intersection and Pra$ny
Most in Prague 6. Part of this section consists of two about
550 m long mined tunnel tubes with the cross-sections of
about 172 m? (a 17 m wide and 13.5 m high excavated cross-
section).

The tunnels were driven through the environment formed by
the Prague Ordovician clayey shale, under rock overburden with
a variable depth.

The excavation of the northern tunnel tube (NTT) commen-
ced from the Myslbekova portal in October 2009, using
a horizontal sequence (top heading, bench and invert). The
excavation of the southern tunnel tube (STT) started at a time
lag of three months. Taking into consideration results of the
geotechnical monitoring and the fact that a Baroque fortificati-
on wall was to be passed under, a safer, vertical excavation
sequence was selected (side drifts and central pillar). Because of
the improvement in the geological conditions, the STT excava-
tion sequence was changed to the horizontal system, after com-
pleting approximately 50 m of excavation.

The NTT was driven through similarly favourable geology,
using the horizontal sequence, up to chainage km 13.034.60,
along the length of approximately 400 m. From this chainage
on, the safer vertical excavation sequence was applied, taking
into consideration supplementary results of the geotechnical
survey, which confirmed and refined the anticipated deteriorati-
on of geological conditions. The following measures were app-
lied: The cross-section was divided into 7 partial headings with
minimised cross-sectional areas, the round lengths were redu-
ced, canopy tube pre-support was installed using grouted steel
tubes. In this way an about 70 m long section of the left-hand
sidewall tunnel was driven, with the results of the geotechnical
monitoring presenting continually favourable values.

On 5th June 2010 at 23:30 hours, during the process of remo-
ving temporary walls of sidewall drifts, the overburden stability
was lost near the face of the central top heading of the tunnel.
The subsequent overburden collapse reached the ground surface.
Part of the tunnel was filled with debris, burying the excavator
and its operator. The course of the incident was unexpected and
very quick, without preceding warning manifestations.

The work on rescuing the worker from the underground started
immediately after the origination of the collapse and all operati-
ons prescribed by the respective emergency plan were carried out.

Approximately at 6:30 hours, the operator was successfully
pulled out. After physical examination it was stated that his
health condition had suffered no harm.

The paper below is focused on the description of construction
activities carried out with the aim of completing the excavation
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dokonceni razeb ve vztahu k navazujicim stavebnim pracim
v jamdch Myslbekova a Prasny most. V neposledni radeé bylo
nutno dodrZet veskerd nafizeni OBU, kterd byla uvedena ve
vydanych zdvaznych prikazech na kazdou ¢ast realizaéni doku-
mentace raZeb primarniho osténi.
Zajmové uzemi lezi v prazské panvi, dil¢im sedimentacnim pro-
storu rozsdhlého barrandienského synklinoria, v némz je skalni pod-
loZi tvoreno zvrdsnénym komplexem aleuropelitickych bridlic,
drob, piskovct a kiemencu staropaleozoického stari. Mladsi geolo-
gické ttvary jsou v naSem uzemi zastoupeny az kvartérnimi pokryv-
nymi utvary. Geneticky jsou to plo$né nejrozsitenéjsi eolické
a deluvidln{ sedimenty pfekryté antropogennimi sedimenty — navaz-
kami, jako dasledek stavebni ¢innosti, déle pak jsou v mensim plos-
ném rozsahu zastoupeny fluvidlni a holocénni sedimenty potoka
Brusnice a Vltavy. Razba prob¢hla vétsinou v niZe popsanych brid-
licich a deluvidlnich sedimentech, jez se zejména vyskytovaly
v pristropi pfi protirazbé podle revize H projektové dokumentace.
* W5 horizont rozlozené bridlice — byl reprezentovén soudrznou
zeminou charakteru jilu s nizkou aZ stfedni plasticitou
s proménlivym obsahem piimési stfipka a ostrohrannych dlom-
k bfidlic. Zatifdéni dle CSN 73 1001 t. F 6, CSN 73 3050 ti.
3, symbol zvétrani dle CSN 72 1001 tF, W 5, tj. zcela zvétrald —
rozloZena.
* W4-W3 horizont zvétralé bridlice tvoii dlomkovité rozpada-
vé bridlice, hrubé lupenité az tence deskovité odluné, pevné
v ruce, téZko az neldmatelné, misty tektonicky porusené s vyplni
jilu. Svymi mechanickymi vlastnostmi se blizi jeSté vice
k nesoudrznym zemindm nez hornindm. V prechodu nadlozniho
zvétralinového rezidua pfibyvd vyznamné podili stiipku
a dlomka zvétralé horniny. Stiipky byly zbarveny vylou¢enymi
povlaky hydroxidu Zeleza, které se vysrdZely z roztoku provéize-
jicich zvétravaci proces. Zatfidéni dle CSN: 73 3050 ti. 4, dle
72 1001 je stupen zvétrani W 4-W 3, tj silné az malo zvétralé.

¢ Deluvidlni sedimenty — DE — pleistocén — se vyskytuji
v celém tseku trasy. Jsou produktem zvétravani hornin skal-
niho podlozi. Vznikaly prevazné soliflukei, tj. plizivymi
pohyby &dste¢né roztité vééné zmrzlé pudy v ledovych
dobdch a z&4sti téz preplavenim mate¢ni horniny. Maji cha-
rakter pis¢itych jilu a jild s nizkou aZ stfedni plasticitou,
prevazné pevné konzistence. Zatfidéni dle CSN: 73 3050 t.
3, podle 73 1001 F3/MS a F6/CL,CI.

Na zédkladé vySe uvedenych duvodi byla realizace raZeb
a realiza¢ni dokumentace rozdé€lena do Sesti samostatnych revi-
zi projektové dokumentace (obr. 1), a to revize G, H, I, J, K,
likvidace mimoradné udalosti.

Vlastni realizace uvedenych jednotlivych casti (dale jen revi-
z{) probéhla v ¢asové souslednosti uvedené na obr. 2.

3. REALIZACE USEKU REVIZE G

Jednalo se o razbu jizn{ tunelové trouby (ddle JTT) ve sméru
ze stavebni jamy Myslbekova do stavebni jamy Prasny most, od
stanicen{ 3,25442 do staniceni 3,33002, v celkové délce 75,60 m,
dipadné ve sklonu 0,5 %. Razba v predmétném tseku byla pro-
vadéna technologii NRTM s omezenym pouzitim trhacich praci
a bylo zde navrzeno horizontdlni ¢lenéni vyrubu s vertikdlné
¢lenénou kalotou (obr. 3).

Pro provedeni razby bylo navrZeno primarni osténi ze strika-
ného betonu tridy nejméné C 25/30, vyztuZené prihradovymi
rdmy Bretex z betonéiské oceli, svafovanymi sit€émi a svorniky.
Bylo dimenzovéno na vlastni tihu a horninovy tlak. Vystrojeni
primdrniho osténi prihradovymi rdmy Bretex a svafovanymi
sitémi bylo pro technologickou tfidu 5a:

e vnitfn{ sténa (docasnd) kaloty méla tloustku 300 mm a byla

vyztuZzena rdmy Bretex R11 (a = 1,0-1,25 m) + 2x svafova-
né sité¢ @ 6,3 mm, 100/100 mm,

TuouHel

and primary lining within the remaining parts of the Brusnice
tunnel after the collapse on 5th July 2010.

2. EXCAVATION COMPLETION DESIGN

It was necessary for the possibility of completing the excava-
tion and primary lining after the above-mentioned overburden
collapse to start the work on the design using results of
a supplementary drilling survey, which was carried out in the
area of the future completion of the excavation. It was necessa-
ry to consider the overall completion of the excavation in rela-
tion to the subsequent construction work in the Myslbekova and
Prasny Most construction pits. At last but not least, it was neces-
sary to adhere to all instructions of the Regional Bureau of
Mines which were contained in binding orders for each part of
the detailed design for the excavation and the final lining. The
area of operations is found in the Prague Basin, which is
a partial sedimentation area of the extensive Barrandian
Synclinorium, where the bedrock is formed by a complex of ale-
uropelitic shale, greywacke, sandstones and quartzites of the
Early Palaeozoic age.

Younger geological formations in our area are represented by
Quaternary deposits. Genetically, they consist of aeolian and
deluvial sediments, which are spread most of all. They are over-
lain by anthropogenic sediments — fills as a result of constructi-
on activities. Fluvial and Holocene sediments formed by the
Brusnice Brook and Vltava River are present to a smaller area-
related extent. The excavation passed first of all through the
below-mentioned shales and deluvial sediments, which were
mainly encountered in the top heading during the counter-hea-
ding, following the H Review of the design.

* W5 decomposed shale horizon — it was represented by
cohesive soil with the character of clay with low to medium
plasticity, with a variable content of shards and sharp-angu-
lar fragments of shale. It is categorised as class F 6 accor-
ding to CSN 73 1001, class 3 according to CSN 73 3050,
with the weathering symbol W5 according to CSN 72 1001,
which means totally weathered — decomposed ground.
W4-W3 decomposed shale horizon — it is formed by sha-
les weathered to fragments, coarsely lamellated to thinly
platy, hard in hand, hard or impossible to break, locally tec-
tonically disturbed with clay filling. Through its mechanical
properties it is even closer to incohesive soil than rock. In
the transition to the overlaying weathered residuum the pro-
portion of shards and fragments of weathered ground signi-
ficantly increases. The shards were tinted by separated coats
of hydroxides of iron, which precipitated from solutions
attending the process of weathering. It is categorised as
class 4 according to CSN 73 3050, the degree of weathering
to CSN 72 1001 is W 4 — W3, which means heavily to little
weathered ground.
deluvial sediments — DE — the Pleistocene — are encounte-
red throughout the route section. They are the product of
weathering of the bedrock. They mostly originated through
solifluction, i.e. creeping of partially melted permafrost
during glacial periods and, partially, through overwashing of
the parent material. They have the character of sandy clays
with low to medium plasticity, mostly with hard consisten-
cy. Categorisation to CSN 73 3050: class 3; to CSN 73

1001: F3/MS and F6/CL,CI.

The execution of excavation and the detailed design were
divided on the basis of the above-mentioned reasons into six
separate design reviews (see Fig. 1): Reviews G, H, I, J, K and
liquidation of the collapse.

The operations contained in the individual parts (hereinafter
referred to as reviews) were carried out in the time sequence

presented in Figure 2.
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A Misto vzniku mimofadné udalosti / Location of the collapse
B Likvidace mimofadné udalosti / Liquidation of the collapse

G REVIZE G - vertikalné ¢lenéna kalota — dl. 85,580 m / REVIEW G — vertical excavation sequence for top
heading - length of 85.580 m
I REVIZE | - vertikélni élenéni vyrubu — dI. 91,662 m / REVIEW | — vertical excavation sequence — length of 91.662 m
K REVIZE K - horizontalni ¢lenéni vyrubu s ¢lenénou kalotou; vertikalné ¢lenéna kalota s moznym pfechodem na
vertikalni ¢lenéni vyrubu — dI. 91,662 m
REVIEW K - horizontal excavation sequence with divided top heading; vertical excavation sequence for top heading
with transition to vertical excavation sequence — length of 91.662 m

J Usek razby revize J / Review J excavation section
H Usek razby revize H — vertikalni &lenéni vyrubu / Review H excavation section — vertical excavation sequence

Obr. 1 Situace dokonceni raZeb
Fig. 1 Plan of the completion of excavation

e primdrni osténi tunelu mélo tloustku 400 mm a bylo vyztu-
Zeno ramy Bretex R 11 (a = 1,0-1,25 m) + 2 x svafr. sit¢ @
6,3 mm, 100/100 mm,

e dno kaloty — spodni protiklenba, v pripadech kdy se prova-
di, méla tloustku 250 mm a je vyztuZena dvémi svarovany-
mi sittmi @ 8 mm 100/100 mm, smykovymi Zebiiky
a vazanou vyztuzi,
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3. REVIEW G SECTION EXECUTION

It was the excavation of the sout-
hern tunnel tube (hereinafter referred
to a the STT) in the direction from
the Myslbekova construction pit
toward the PraSny Most construction
pit, from km 3.25442 chainage to
3.33002 chainage, at the total length
of 75.60 m, downhill at 0.5%. The
NATM was applied to the excavation
in this particular section, with the
drill-and-blast used only to a limited
extent. A horizontal excavation sequ-
ence (top heading, bench and invert)
was designed for this section, with
the top heading divided vertically
(see Fig. 3).

The design for the primary excava-
tion support consisted of sprayed
concrete of C 25/30 grade as the
minimum, reinforced with Bretex lat-
tice girders manufactured from rein-
forcing bars, welded mesh and rock
bolts. The support was designed for
loading by dead weight and rock
pressure. The reinforcement of the
primary lining using Bretex lattice
girders and welded mesh was desig-
ned for the excavation support class
5a as follows:

* The inner (temporary) wall was
300 mm thick; it was reinforced
with Bretex R11 (a = 1.0 — 1.25
m) + 2x welded mesh @ 6.3 mm,
100/100 mm;

e The tunnel primary lining was

400 mm thick and was reinforced by
Bretex R 11 frames (a=1.0—1.25 m)

+ 2 x welded mesh @ 6.3 mm, 100/100 mm;

* The top heading invert, in the sections where it was instal-
led, was 250 mm thick, with the reinforcement consisting of
two layers of welded mesh @ 8 mm 100/100 mm, shear lad-
ders and tie-up reinforcing bars;

The tunnel bottom was reinforced with two layers of welded
mesh @ 8 mm, 100/100 mm, with one Bretex R11 frame in an
excavation round, the length of which was equal to the length of
four rounds in the top heading;

TUNEL BRUSNICE - HMG DOKONGENI RAZEB 2010

2011

BRUSNICE TUNNEL - EXCAVATION COMPLETION SCHEDULE 9

JIZNi TUNELOVA TROUBA, REVIZE G
SOUTHERN TUNNEL TUBE, REVIEW G

SEVERNI TUNELOVA TROUBA, REVIZE H
NORTHERN TUNNEL TUBE, REVIEW H

SEVERNI TUNELOVA TROUBA — zméhéni zavalu
NORTHERN TUNNEL TUBE - collapsed tunnel recovery

SEVERNI TUNELOVA TROUBA, REVIZE J
NORTHERN TUNNEL TUBE, REVIEW J

JIZNi TUNELOVA TROUBA, REVIZE K
SOUTHERN TUNNEL TUBE, REVIEW K

JIZNi TUNELOVA TROUBA, REVIZE |
SOUTHERN TUNNEL TUBE, REVIEW |

Obr. 2 Harmonogram dokonceni raZeb
Fig. 2 Excavation completion schedule
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Obr. 3 Clenéni profilu tunelu dle revize G — K
Fig. 3 Excavation sequence according to reviews G — K

e dno tunelu bylo vyztuZeno dvémi svafovanymi sitémi @ 8
mm, 100/100 mm, rdm Bretex R11 byl ve dné pouze 1 ks na
z4abér délky rovnajici se 4 zabérum v kaloté,

e kotveni radidlnimi hydraulickymi svorniky Wibolt EXP
120 dl. 6 m bylo navrZeno v kazdém zdbéru; alternativné
bylo moZno pouZit samozdvrtné injektovatelné svorniky
IBOR 32 L, délky 6 m,

e vnitfni (doCasnd) sténa kaloty byla kotvena sklolamindtovy-
mi svorniky Spinmax 32 dl. 4 m; alternativné bylo moZzno
pouZzit svorniky IBO R 32 L dl. 4 m.

Délka zédbéru v kaloté byla v technologické tiidé 5a — max.
1,25 m. V technologické tridé 5a byly ochranény vSechny &elby
v kaloté vrstvou stifkaného betonu tiidy C 25/30 tl. 50 mm, ve
zhorSenych geologickych podminkéch, pfi vyrazné nestabilité
Celby, byla ¢elba navic kotvena svorniky Spinmax 32 délky 6 m
v poétu 1 svornik/3 m? &elby. O realizaci ochrany &elby rozho-
doval sménovy stavbyvedouci na zdklade doporuceni geologa.

Razba byla provedena pod ochrannou destniki ze svorniku
IBO R 51L. Ty se provadély pfi zabérech dl. 1 m z kazdého 5.
zdbéru. Délka svorniki byla 9 a 12 m. Vzdélenost os vrtu
v ndvrtné roviné byla 300 mm. Pro vrtani bylo mozné pouZit
vodni vyplach.

Pro ochranu doc¢asné stény byly pouZity destniky Spinmax 32
s délkou 6 m a byly provddény pii délce zdbéru 1 m z kazdého
tretiho zdbéru. Tyto svorniky mohly byt nahrazeny jehlovanim
v kazdém nebo v kazdém druhém zdbéru podle zastizenych geo-
logickych podminek (obr. 4).

Vyrub byl ¢lenén na kalotu €. 1, kalotu ¢. 2, opéfi ¢. 3, operi
¢.4 adno ¢. 5. Nejprve se provadéla razba kaloty ¢. 1 a kaloty
¢. 2 v délce 15 m (délka zdbéru na kalot€ byla max. 1,25 m).
Vzdélenost Celeb kaloty ¢. 1 a kaloty &. 2 byla prfi raZbé min.
4 m. Provizorni sténa kaloty mezi vyrubem ¢. 1 a ¢. 2 se ubou-
rdvala zdroven s razbou kaloty &. 2, avSak stari betonu klenby
primdrniho osténi kaloty ¢. 1 muselo byt v daném misté min.
3 dny. Zéroven s razbou kaloty se provddéela razba opé€fi ¢. 3
opet v délce 15 m. Vzddlenost Celby kaloty €. 2 od Celby operi
¢. 3 musela byt min. 20 m kvali pohybu mechanizace na kaloté.

* Anchoring by 6 m long Wibolt EXP 120 radial rock bolts was
designed for each round. Alternatively it was possible to use
4.0 m long IBO R 32 L rock bolts;

* The inner (temporary) wall of the top heading was anchored
with 4.0 m long Spinmax rock bolts. Alternatively it was pos-
sible to use 4.0 m long IBO R 32 L rock bolts.

The maximum excavation round length in the top heading for
excavation support class 5a was 1.25 m. For excavation support
class 5a, all excavation faces in the top heading were protected by
a 50 mm thick layer of C 25/30 shotcrete. In deteriorated geologi-
cal conditions, where the face was significantly instable, it was sta-
bilised by 6.0 m long Spinmax 32 rock bolts (1 piece per 3.0 m? of
the face area). The decision on the installation of the face support
was made by contractor’s agent on shift as recommended by the
geologist.

The excavation was carried out using IBO R 51L rock bolts to
form a protective umbrella. They were installed from every fifth
round (1.0 m long rounds). The rock bolts were 9 m and 12 m long.
Boreholes were spaced at 300 mm in the starting plane. Water flus-
hing was permitted during the drilling operations.

Spinmax 32 umbrellas 6.0 m long were used for the protection
of the temporary wall. They were installed from every third round
(1.0 m long rounds). The Spinmax 32 bolds could be replaced by
forepoling carried out in each or every other round, depending on
the geological conditions encountered (see Fig. 4).

The excavation was divided into top heading No. 1, top heading
No. 2, bench No. 3, bench No 4 and invert No. 5. The first opera-
tion was the excavation of top heading No. 1 and top heading No.
2 at the length of 15.0 m (the maximum length of the top heading
excavation rounds was 1.25 m). The minimum distance between
the excavation faces of top heading 1 and top heading 2 was 4.0 m.
The temporary sidewall between the top heading No. 1 and top
heading No. 2 was gradually removed with the excavation of top
heading No. 2 proceeding, but the minimum age of the concrete
vault of the primary lining of top heading No. 1 in the particular
location had to be greater than 3 days. The excavation of bench
No. 3 proceeded simultaneously with the top heading excavation,




TuoHel 20. rocnik - €. 4/20M

Po vyrazeni opéfi ¢. 3 v délce 15 m se premistila rampa na kalo- again at the length of 15 m. The minimum distance of 20.0 m of
tu a pokracovala razba opéii ¢. 4 v délce 15 m. Po vyrazeni the excavation face of top heading No. 2 from the face of bench
operi €. 4 se provedla razba dna tunelového profilu v délce rov- No. 3 was prescribed with respect to the movement of tunnelling
néZ 15 m. Razba dna se provddéla v celé Sifce najednou. equipment in the top heading. When the 15.0 m long section of the

Z 4Nz

V technologické tiidé 5a byly délky zébéru na kaloté 0,90 az bench No. 3 excavation had been completed, the ramp was reloca-
1,25 m. Délky zabéru v opéii byly 1,8 az 2,5 m a délky zabéru ted to the top heading and the excavation of bench No. 4 continu-

ve dné byly 3,6 a7 5 m. Pfechod mezi pracovnimi trovnémi ed, at the length of 15.0 m. After completing the excavation of
kaloty a op&if byl navrzen pomoci rampy o maximalnim sklonu bench No. 4, the invert excavation followed, also at the length of
20 %. Rampa byla provedena nasypanim a zhutnénim rubaniny. 15.0 m. The whole width of the invert was excavated in one pass.
V piipadé nutnosti pfi nepfiznivych vysledcich monitoringu The excavation round lengths in the top heading for support class
byla projektem piedepsdna realizace provizorni protiklenby 5a were 0.90 to 1.25 m long. The length of the rounds in the bench

and the invert were 1.8 to 2.5 m and 3.6 to 5.0 m, respectively.
A ramp with the maximum slope of 20 % was designed for the
transition between the top heading and bench working levels. The
ramp consisted of compacted muck. In the cases of necessity, when
the results of monitoring were unfavourable, the design prescribed
an invert to be installed in the top heading. However, this measure
did not have to be implemented during the works execution. The
invert was to be 250 mm thick, in C 20/25 shotcrete, with the early
strength on the J2 curve as defined by the Austrian directive for
sprayed concrete; it was to be reinforced on both surfaces with
8/100/100 mm welded mesh, shear ladders at the supports and tie-
up reinforcement in selected sections. The invert was to be cast
only in the following cases:

— if a geological weakness is encountered at the footing of the
primary lining which can influence the stability of the prima-
ry lining and cause higher than expected increase in its defor-
mations;

— if W4 or worse rock is encountered at the footing of the pri-
mary lining of the top heading;

kaloty. K tomuto ale nemuselo byt v realizaci pristoupeno.
Protiklenba méla byt provedena z 250 mm tl. stiikaného betonu
tiidy C 20/25, s ndrustem pevnosti podle kiivky J2 rakouské
smérnice pro stiikany beton a méla byt vyztuZzena u obou povr-
chu svafovanymi sitémi 8/100/100 mm, smykovymi Zebiiky
v paté kaloty a ve vybranych dsecich vdzanou vyztuZi. Proti-
klenba se méla betonovat jen v nasledujicich pfipadech:

— zastizeni geologické poruchy v paté primarniho osténi,
kterd muZe ovliviiovat stabilitu priméarniho osténi a zpu-
sobovat vy33i nez ofekdvany nérust jeho deformact,

— kdy v paté kaloty primdrniho osténi bude hornina W4
a horsi,

— nepriznivych vysledka geotechnického monitoringu, kdy
bude pravdépodobné, Ze mohou byt prekroceny varovné
stavy.

Dno kaloty muselo vzdy mit tvar protiklenby, aby v pripadé

nutnosti mohla byt protiklenba okamzité vybetonovana.

4. REALIZACE USEKU REVIZE H — if unfavourable results of the geotechnical monitoring are
Razba severni tunelové trouby byla realizovand Novou determined, where it is probable that the trigger levels can be

rakouskou tunelovaci metodou s vertikdlnim ¢lenénim vyrubu exceeded.

z portdlu Prasny most aZ do mist zainjektovanych opérovych The top heading bottom had to be shaped as an inverted arch so

tunela vyraZenych z portdlu Myslbekova. V piipadé pravého that the invert could be cast immediately in the case of necessity.

operového tunelu, tj. do staniceni km 13,106 60, je délka tune-
lu 67,819 m. Levy op€rovy tunel byl razen do stani¢eni km 4. TUNNELLING IN THE REVIEW H SECTION

13,091 60 v délce 82,819 m. Kalota byla provedena do stanice- The northern tunnel tube was driven using the New Austrian
ni km 13,106 60 to je v délce 67,819 m. Profil tunelu byl uza- Tunnelling Method with a vertical excavation sequence (side drifts
vien do stani¢eni km 13,117 419, to je 57 m. Razba byla prova- and central pillar), from the PraSny Most portal up to the location
déna dovrchné ve sklonu 0,5 % (obr. 5). of the sidewall tunnels filled with grout, which were driven from
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Obr. 4 Podélny profil JTT (platny pro revize dokumentace G — K)
Fig. 4 Longitudinal section through the STT (applicable to design reviews G — K)
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Obr. 5 Podélny profil STT revizemi J - H
Fig. 5 Longitudinal section through NTT reviews J - H

Cilem protirazby z portdlu PraSny most v revizi H bylo zkra-
ceni doby vystavby a zaji§téni pfistupu k zavalenému mistu
z druhé strany. V realizaci byly nejprve vyraZeny oba opérové
tunely, potom kalota a ndsledné byl uzavien cely profil tunelu
aZz na vySe zminénych 57 m. Cely technologicky postup svislé-
ho ¢lenéni profilu tunelu je zfejmy z obr. 6.

Zajisténi vyrubu bylo navrzeno primdrnim osténim ze stiika-
ného betonu tiidy C 25/30, vyztuzenym piihradovymi rdmy
Bretex z betonarské oceli, svarovanymi sitémi a svorniky a bylo
dimenzovano na vlastni tihu a horninovy tlak. Vystrojeni pri-
madrniho osténi pfihradovymi rdimy Bretex a svafovanymi sitémi
bylo pfi provadéni vertikdlniho ¢lenéni nédsledujici.

Tech. tf. 5b:

 vnitini stény (do¢asné) opérovych tuneld (OT) mély tloust:
ku 250 mm a byly vyztuZeny ramy Bretex R14 (a = 0,80 az
1 m) + 2x svafované sité @ 8 mm, 100/100 mm,

e primdrni osténi tunelu mélo tloustku 500 mm a bylo vyztu-
Zeno ramy Bretex R13 (a = 0,80 aZz 1 m) + 2 x svar. sité
@ 8 mm, 150/150 mm,

¢ dno tunelu bylo vyztuZzeno dvémi svarovanymi sit€émi @ 8
mm, 100/100 mm. Rdm Bretex R13 byl ve dné pouze 1 ks
v kazdém tretim zabéru ( a = 2,40 aZ 3 m) — nebylo s nim
uvazovéno pri posouzeni inosnosti primarniho osténi dna,

e radialni kotveni bylo provddéno samozavrtnymi injektova-
telnymi svorniky IBO R 32 L dl. 6 m, resp. hydraulickymi
svorniky Wibolt EXP 120 dl. 6 m v kazdém zdbéru; vnitin{
(docasné) stény OT byly kotveny svorniky Wibolt EXP
120 dI. 4 m, alternativné bylo mozZno téz pouzit sklolami-
natové svorniky Spinmax 32 nebo svorniky IBO R 32 L
délky 4 m.

OkamZit€ po provedeni vylomu se stény vyrubu odistily

a v kaloté OT a ve stfedni kaloté se nastrikala stabilizaéni vrst-
va ze stiikaného betonu tfidy C 25/30 tl. 50 mm. Opéfi OT
a stfedni kalota se stabilizaéni vrstvou se zastfikdvaly jen
v horsich geologickych podminkdch. O realizaci stabilizacni

the Myslbekova portal. In the case of the right-hand sidewall tun-
nel, i.e. up to chainage km 13.106.60, the tunnel is 67.819 m long.
The left-hand sidewall tunnel was driven up to chainage km
13.091.60, at the length of 82.819 m. The top heading was driven
up to chainage km 13.106.60, at the length of 67.819 m. The tun-
nel profile was closed up to chainage km 13.117.419, i.e. 57 m.
The excavation proceeded downhill at the gradient of 0.5% (see
Fig. 5).

The objective of the counter-heading from the PraSny Most por-
tal, contained in Review H, was to reduce construction time and
provide access to the collapsed section from the opposite side. The
excavation started by driving both sidewall tunnels, to be followed
by the top heading. Subsequently the whole tunnel cross-section
was closed along the above-mentioned length of 57 m. The entire
vertical excavation sequence is presented in Fig. 6.

The design for the excavation support contained a primary lining
using shotcrete with the minimum grade C 25/30, Bretex lattice
girders from concrete rebars, welded mesh and rock bolts. The
support was designed for the dead weight and rock pressure. The
following primary support was installed during the excavation
using the vertical sequence:

Excavation support class 5b:

e inner walls (temporary ones) of the sidewall tunnels (ST) were
250 mm thick; they were reinforced with Bretex R14 lattice
girders (a = 0.80 to 1.0 m) + 2x welded mesh @ 8 mm,
100/100 mm;

e the primary lining of the tunnel was 500 mm thick and was
reinforced with Bretex R13 lattice girders (a = 0.80 to 1.0 m)
+ 2 x welded mesh @ 8 mm, 150/150 mm

e the tunnel bottom was reinforced with two layers of welded
mesh @ 8 mm, 100/100 mm. There was only 1 Bretex R13 lat-
tice girder in every third excavation round of the bottom exca-
vation (a = 2.40 to 3.0 m); lattice girders were not taken into
consideration in the structural analysis of the bottom primary

lining.
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Radial anchoring was carried out using
6.0 m long IBO R 32 L rock bolts or 6.0 m
long Wibolt EXP 120 hydraulically expan-
ded rock bolts in each excavation round.
The inner (temporary) walls of the ST
were anchored by 4.0 m long Wibolt EXP
120 rock bolts. It was also alternatively
possible to use Spinmax 32 glassfibre rein-
forced plastic bolts or 4.0 m long IBO R
32 L rock bolts.

The surface of the excavated opening
was cleaned immediately after the excava-
tion and, a 50 mm thick layer of C 25/30
shotcrete was immediately applied in the
top heading of the ST and in the central
top heading. The bench of the ST and the
central core of the tunnel with a shotcrete
stabilisation layer were provided with the
shotcrete layer only in worse geological
conditions. The decision on placing of the
stabilisation layer was made by contrac-
tor’s agent on the basis of geologist’s
recommendation.

Protective umbrellas were designed for
the excavation. Umbrellas consisting of
IBO R 51L rock bolts were installed above
the tunnel profile. The protective umbrel-
las installed above the temporary walls of
the sidewall tunnels were made up of
6.0 m long Spinmax 32 rock bolts. It was
possible to replace the Spinmax rock bolts
with forepoling. The umbrellas from selfd-
rilling, groutable, 9.0 m long IBO R 51L
rock bolts were installed from every fifth
excavation round, where the rounds were
1.0 m long. The rock bolts were installed
at 300 mm spacing. The use of water flus-
hing during drilling operations was per-
mitted. In the cases where the boreholes
extended to the surface deposits it was

Obr. 6 Clenéni profilu tunelu podle revize H — 1
Fig. 6 Excavation sequence according to reviews H —

vrstvy rozhodoval sménovy stavbyvedouci na zdkladé doporu-
¢eni geologa.

RaZba byla navrZena pod ochranou destnika. Nad profil tune-
lu se provddély ochranné destniky ze svorniki IBO R 51L. Nad
provizornimi sténami opérovych tunelu se provadély ochranné
destniky ze svorniki Spinmax 32 délky 6 m. Tyto svorniky
Spinmax mohly byt nahrazeny jehlovanim. Ochranné deStniky
ze svorniki IBO R 51L se provddély pii zdbérech dl. 1 m
z kazdého pdtého zdbéru. Pfi zdbéru dl. 0,80 m. Jednd se
o samozavrtdvaci injektovatelné svorniky. Délka svorniku byla
9 m. Vzdélenost os vrti v navrtné roviné byla 300 mm. Pfi vrta-
ni bylo mozno pouzit vodni vyplach. V pripadech, kdy vrty
zasahovaly do pokryvnych ttvart, bylo nezbytné pouzit vzdu-
cho-pénovy vyplach. Ochranné destniky Spinmax 32 nad docas-
nymi st€énami opérovych tunelt mély délku 6 m a byly prova-
dény z kazdého tretiho zdbéru. Tyto svorniky mohly byt nahra-
zeny jehlovanim v kazdém nebo v kazdém druhém zabéru podle
zastizenych geologickych podminek. Z mista vrtani ochrannych
destniku byl vZdy jeden vrt proveden jako prazkumny. Tento vrt
byl proveden ve vrcholu klenby pod dhlem 45°. Ugelem tohoto
vrtu bylo zjistit vySku skalniho nadlozi.

necessary to use air-foam flushing. The
Spinmax 32 protective umbrellas over the
temporary walls of the sidewall tunnels
were 6.0 m long; they were installed from
every third excavation round. These rock bolts were replaceable by
forepoling in each or every other round, depending on the geolo-
gical conditions encountered. One borehole was carried out as
a probe hole when the drilling for the umbrella was being conduc-
ted. This borehole was positioned to the top of the vault, angled
upwards at 45°. The objective of this borehole was to determine
the height of the rock cover.

During the excavation from the Prasny Most portal, the right-
hand sidewall tunnel ST1 was driven in the first place. The excava-
tion of the left-hand ST2 could commence only when a 25 m long
stretch of the ST1 had been closed. The distance between the faces
of the two sidewall tunnels was never allowed to be smaller than
25 m during the excavation. The excavation of the central top hea-
ding could start only when the excavation of 25 m of the left-hand
sidewall tunnel ST2 had been finished and, at the same time, after
the completion of the excavation of the entire sidewall tunnel ST1.

The lengths of excavation rounds in the top headings of the side-
wall tunnels were 0.8 m to 1.0 m. The excavation face of the side-
wall tunnel top heading had to be ahead of the bench excavation
face, at the maximum and minimum distances equal to four rounds
and 2 rounds, respectively. The excavation of the bottom of the
sidewall tunnels was permitted to follow with the stagger equal to
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Obr. 7 Podélny rez zmdhdnim zdvalu
Fig. 7 Longitudival section through the liquidation of the collapse

Pii razbé od portdlu PraSny most byl nejdrive razen pravy
opérovy tunel OT1. Razba levého OT2 mohla byt zahdjena az
po uzavieni 25 m OT1. Vzdélenost ¢eleb obou opérovych tune-
1t nesméla byt pri jejich razbé nikdy mensi neZ 25 m. Razba
stfedni kaloty mohla byt zahdjena aZ po vyrazeni 25 m levého
op€rového tunelu OT2 a zdroven po vyraZeni celé délky opéro-
vého tunelu OT1.

Pri razbé OT byly délky jednotlivych zdbéra v kaloté 0,8 m az
1 m. Celba kaloty OT musela mit od &elby opéfi maximalni
predstih 4 zdbéry a minimadlni predstih 2 zdbéry. Dno opérovych
tuneld bylo moZno provadét s odstupem 2 zabéru za Celbou
opéfi. Délka zdbéru ve dné OT byla 1,6 aZ 2 m. Pro raZbu kalo-
ty OT byla stanovena maximadln{ rychlost 3 m za den z divodu
dostate¢ného ndbéhu pevnosti betonu. Pri razbé stredni kaloty
byly délky jednotlivych zdbéru 0,8 m a7 1 m. Kalota byla raZe-
na na dvé dil&f ¢asti. Horni dil&i vyrub na vysku 3,8 m mél od
spodni &dsti kaloty predstih maximdlné 4 zdbéry a minimdlné
2 zabéry, pricemz délka kaloty, tj. vzddlenost jeji celby od hrany
rampy na opéfi byla minimalné 26 m. Po vyraZenf stredni kalo-
ty na délku 50 m a vyraZeni obou OT v jejich pIlné délce bylo
zahdjeno bourdni hornich ¢asti provizornich stén a razba jadra
v délce 20 m. Maximdlni délky jednotlivych zdbéru ve stiednim
jadre byly 6 m. Nésledné byla dorazena stiedni kalota na celou
délku tj. 67,82 m. Poté bylo dorazeno opéfi a pak dno
v predmétném tseku revize H.

Ve stani¢eni 13,123 km az 13,130 km se trasa obou tunelt kii-
zila se stdvajici raZenou kanalizaci PVK 700x1250 mm.
Kanalizace probihala ve vysce cca 12,50 m nad klenbou tunelu
a cca 11 m pod terénem. Pro minimalizaci moZnosti zvodnéni
nadloZi raZeného tunelu bylo provedeno zajisténi stavajici stoky
v tseku mezi ulici Jeleni a M. Hordkové nad STT a JTT v délce
116 m vyvlozkovanim potrubi PE 315x28,6 mm. Na zdklade
vysledku statického vypoctu pro predmétny tsek byly ocekéva-
né poklesy v misté stoky 80 mm, skute¢né dosazené poklesy
byly do 1 mm.

2 excavation rounds behind the bench heading. The length of exca-
vation rounds in the bottom of the STs was 1.6 to 2.0 m. The maxi-
mum excavation rate of 3 m per day was prescribed for the side-
wall tunnels top heading to allow concrete to gain a sufficient
strength. In the case of the central top heading excavation the indi-
vidual rounds were 0.8 m to 1.0 m long. The top heading excava-
tion was divided into two parts. The upper, 3.8 m high, partial
excavation was advanced ahead of the bottom part by 4 rounds and
2 rounds as the a maximum and the minimum, respectively; the
length of the top heading, i.e. the minimum distance between its
face from the edge of the ramp to the bench was 26.0 m. After
completing the central top heading excavation along the length of
50.0 m and the two sidewall tunnels throughout their lengths,
back-ripping of upper parts of temporary walls and the excavation
of the tunnel core along a 20.0 m long section commenced. The
maximum lengths of individual excavation rounds in the central
core were 6.0 m. Subsequently, the central top heading excavation
was completed throughout its length of 67.82 m. The completion
of the core excavation in the particular section covered by Review
H followed; then the bottom excavation was completed.

In the section between chainages km 13.123 to km 13.130 the
tunnel route crossed the route of an existing PVK’s mined sewer
700 x 1250 mm. The sewer ran at the level of about 12.50 m above
the tunnel crown, about 11.0 m under the ground surface. The
116 m long section of the existing sewer between Jeleni and
M. Hordkové Streets, above the NTT and STT, was secured by
inserting a 315x28.6 mm PE pipeline in it, with the aim of minimi-
sing the possibility of the saturation of the mined tunnel cover with
water. The settlement values predicted on the basis of results of the
structural analysis for this particular section in the sewer location
were 80 mm; the actually achieved values did not exceed 1 mm.

TUNNELLING ALONG THE COLLAPSED SECTION

The collapsed section of the NTT was stabilised by Zakladan{
Staveb a.s. by means of jet grouting so that continuing of the tun-
nel excavation was possible. The detailed design for the liquidati-
on of the collapse was developed on the basis of assessing the
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5. REALIZACE USEKU ZMAHANI( ZAVALU results obtained by verification boreholes drilled into the rubbles
stabilised with grouting (see Fig. 7).

It was assumed according to probe holes VP1 and VP6 and also
on the basis of the knowledge obtained during the course of the

Pro dalsi moZnost pokracovani raZzeb v zavaleném tseku STT
byla provedena firmou Zakladani staveb, a. s., sanace tryskovy-

mi injektdZemi tohoto dseku. Na zdkladé posouzeni vysledka -
z ovéfovacich vrtii do proinjektovaného zdvalového matriglu | collapse development that the upper vault of the top heading and

byla vypracovéna realizatni dokumentace pro zmoZeni zdvalu several temporary inner walls of the sidewall tunnels had probab-
(obr. 7). ly collapsed. It was further assumed that outer walls of the sidewall

tunnels could be damaged only partially. Both sidewall tunnels
from chainage km 13.07420, which means the tunnels beyond the
collapse boundary, were likely to remain undamaged and had been
filled with the stabilisation material.

The design for the liquidation of the collapse started from the
effort to use the existing primary lining of the tunnel which would

Podle prazkumnych vrtd VP1 a VP6 a také na zdklad€ zna-
losti z prubéhu zédvalu se predpoklddalo, Ze v misté propadu
pravdépodobné doslo ke zficeni horni klenby kaloty a prav-
dépodobné také vnitfnich provizornich stén opérovych tunela.
Dile se predpoklddalo, Ze vnéjsi stény op€rovych tuneli mohou
byt poskozeny jen Cdstecné. Oba opérové tunely ze stan.
13,07420 km, tedy za hranici propadu, zistaly pravdépodobné not be damaged or would be damaged only partially. Two variants,
neporuseny a byly vyplnény sanaéni hmotou. A and B, were proposed for this solution.

Navrh zmozZeni zdvalu vychazel ze snahy vyuZit stavajici pri- Variant A
madrni{ ostén{ tunelu, které nebude poSkozeno anebo bude posko- In this variant it was assumed that the outer walls of the sidewall
zeno jen Cdste¢né. K tomuto feSeni byly navrZzeny dvé varianty tunnels would be found undamaged or the damage would be only
AaB. partial, and it would be possible to take into account their static
Varianta A loading capacity. A groove was to be milled out in the existing

V této varianté se predpoklddalo, 7e vn&j§i stény opérovych lining between two existing Bretex R2 lattice girders encased in
tunell budou neposkozeny nebo jejich poskozeni bude jen &és- the concrete lining, for the insertion of a new Bretex R16 lattice
te¢né a bude jedté mozno poditat s jejich statickou Gnosnosti. | girder. The width of the groove was assumed to be 600 mm. If it
Mezi dvémi stavajici raimy Bretex R2, které jsou zabetonovany was technologically viable, the groove could be even narrower, but
v osténi, se provede frézou do stivajiciho primdrniho osténi the width had to be sufficient for the insertion of the Bretex lattice
nika pro osazeni nového rdamu Bretex R16. Sitka niky se pred- girder. The groove depth was assumed to be 300 mm as the maxi-
pokladala 600 mm. Pokud to bude technologicky moZné, mizZe mum. After inserting the Bretex frame the groove would be back-
byt nika i uzii, ale tak $irokd, aby se do ni dal osadit rdm Bretex. filled with C 25/30 shotcrete. After backfilling of the groove with
Hloubka niky se predpoklddd max 300 mm. Po osazeni rdmu shotcrete the upper part of the wall would be tied back using two
Bretex se nika zastiiké stifkanym betonem C 25/30. Po zastii- | 0.0 mlong IBO R32 L rock bolts dI. 6.0 m. The inner layer of wel-
kénf niky se provede pfikotveni horni &4sti stény 2 ks svornika | ded mesh @ 8/150/150 mm was to be installed then and a 120 mm
IBO R32 L dl. 6 m. Potom se osadi vnitini sit @ 8/150/150 mm thick new layer of C 25/30 concrete was to be sprayed on the inner
a nastiika se na vnitini lic osténi novd vrstva stiikaného betonu surface of the lining. Thus the aggregate thickness of the primary
C 25/30 o tloustce 120 mm. Celkové tloustka primédrniho ostén{ lining would be 520 mm.
tak bude 520 mm. In the locations of the cross-section where the use of the origi-

V mistech pii¢ného fezu, kde se s vyuzitim puvodniho osténi nal lining was not counted with (the top heading roof and the
nepocitalo (strop kaloty, dno profilu) se provede nové osténi ze stri- cross-section bottom) a new C 25/30 shotcrete lining would be

kaného betonu C 25/30. Vzdilenost novych ramu Bretex bude installed. New Bretex frames would be spaced at 1.25 m. Welded
1,25 m. U obou lic budou osazeny svarované sité @ 8/150/150 mm. mesh @ 8/150/150 mm would be installed at both surfaces. The

Celkov4 tloustka primérniho osténf bude rovnéz 520 mm. overall thickness of the primary lining would also be 520 mm.
Varianta B Variant B - milling out a rebate

V této varianté se predpoklddalo, Ze stavajici primérn{ osté- In this variant it was assumed that the existing primary lining of
nf tunelu bude poskozeno do té miry, 7e bud po statické stran- the tunnel was damaged so much that using it could not be coun-
ce, anebo kvili jeho zdeformovéni se s jeho vyuZitim nedd ted with, either because its structural capacity or because of defor-
pocitat. Osténi bude v celém rozsahu vybourdno. Vybuduje se mations. The lining would be ripped back in the full extent. A new
nové osténi ze stiikaného betonu C 25/30 v tloustce 520 mm. lining would be installed: 520 mm thick, using C 25/30 shotcrete.
Osténi bude vyztuZzeno ramy Bretex R 16 v osovych vzddle- It would be reinforced with Bretex R 16 lattice girders spaced at
nostech 1,25 m. Svafované sit€ u obou licu budou tvofeny 1.25 m. Welded mesh @ 8/150/150 mm would be installed at both
@ 8/150/150 mm. Osténi bude kotveno v kazdém zabéru cel- surfaces. The lining would be tied back in each round with a total
kem 10 ks svorniki IBO R 32 L dl. 6 m. of 10 6 m long IBO R 32 L rock bolts.

Pred zahdjenim vlastnich zmdhacich praci byla tspésné Before the work on the liquidation of the collapse started, the
dokoncena vySe uvedend sanace tryskovymi injektdzemi above-mentioned stabilisation by means of jet grouting from the
z povrchu nad zdvalem. V podzemi na hran¢ zdvalu byl prove- ground surface above the collapse had been successfully finished.
den mikropilotovy de$tnik z mikropilot @ 114/10 mm délky Canopy tube pre-support consisting of 59 pieces of 12 m long
12 m v poctu 59 ks. Vlastni prdce na zmahani zdvalu byly tubes @ 114/10 mm was installed in the underground, at the edge
zapocCaty dne 24. 1. 2011 a ukonceny dne 30. 3. 2011. of the collapse. The liquidation of the collapse commenced on 24th

Thned po vyraZeni dvodnich metri v zdvalu bylo, na zakladé January 2011 and was completed on 30th March 2011.
zji$téni §patného stavu puvodniho osténi v bocich vyrubu, roz- Immediately after the initial metres of the excavation through
hodnuto o provadéni varianty B (tj. vybourdni pivodniho osté- the collapse had been completed, the decision was made on the
ni a nahrazeni novym). Timto zpusobem byl proveden cely dsek basis of the determination of a poor condition of the original lining
zdvalu v délce 36 m. Odstranovani puvodniho osténi probihalo on the excavation sides that variant B would be applied (ripping
Setrnym zpusobem za pomoci frézy. back the original lining and replacing it with a new lining). The

Vzhledem k vysoké kvalité provedenych tryskovych injektazi entire 36 m long collapsed section was passed through in this way.
byla Celba velmi stabilni a bylo moZno provadét zdbery v délce The original lining was removed in a considerate way by means of
1,25 m v celém tseku zmahani (obr. 8). a roadheader.
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Obr. 8 Tryskové injektdZe v ¢elbé tunelu pri zmdhdni zdvalu
Fig. 8 Jet grouting at the tunnel excavation face during the passage through
the collapse

Cela razba v zdvale byla provedena pod ochranou celkem dvou
kompletu mikropilotovych destniki z mikropilot @ 114/10 mm
délky 12 m a &tyf kompleti deStnika z IBO R 51 R délky 9
a 12 m. Celbu nebylo nutno &lenit na diléi vyruby a v nékterych
pripadech byl ponechdvan na elbé pritéZzovaci klin.

Z hlediska ¢lenéni vyruba tunelu byla provedena nejdiive
razba kaloty v celé jeji délce 36 m. Poté ndsledovala razba operi
tunelu rozdélend na levou a pravou stranu se zdbérem 2,50 m
opet v celé délce 36 m.

V prubéhu zméhacich praci na opéfi byl vyprostén zavaleny
bagr Caterpillar CAT 328 D LCR. Nakonec v daném tseku bylo
vyrazeno dno. Délka zdbéra ve dné byla 5 m.

6. REALIZACE USEKU REVIZE |

Tato revize byla zpracovdna jako ,rezervni“ do realizacni
dokumentace stavby pro zdvére¢ny usek razby jizni tunelové
trouby. Obsahem revize I realizacni dokumentace byl ndvrh
razby JTT od stanic¢eni km 3,330 020 aZ k portdlu Prasny most
ve stan. km 3,431 662, tj. v délce 101,642 m. Jednalo se opét
o svislé ¢lenéni profilu tunelu se stejnymi parametry, jako byly
uvedeny v udseku revize H. Tato realizacni dokumentace byla
pripravena k vlastni realizaci pouze v pripadé, Ze by bylo napl-
néno jedno z nize uvedenych kritérii pfi provadéni revize
K. Obeé revize realizaéni dokumentace byly tedy zpracovany pro
stejné staniceni jizni tunelové trouby.

Kritéria pro nutnost prechodu realizace razeb podle revize
K na revizi I:

a) pfi razbé kaloty budou zméfeny deformace primarniho
ostén{ vEt§i nez 35 mm anebo bude zfejmé z prabéhu defor-
macni kfivky, Ze bude tato hodnota prekrocena,

b) deformace priméarniho osténi ve fédzi uzavieni profilu
budou vétsi nez 50 mm anebo bude zfejmé z prubéhu
deformacni kfivky, Ze bude tato hodnota prekrocena,

¢) pfitok podzemni vody (mimo technologickou) z Celby
kaloty prekro¢i 1 1/s a bude dochdzet ke zhor§ovani stabili-
ty Celby (opaddvani horniny),

d) pri razbé kaloty budou soustavné vznikat nadvylomy veétsi
nez 500 mm,

€) pii provaddéni vrti pro ochranné destniky budou zastizeny
pokryvné sedimenty, pfitok podzemni vody na Celbé pre-
kro¢i 0,5 1/s a bude dochazet ke zhorSovani stability celby
(opadéavani horniny),

f) komplexni zhodnoceni raZeb nebo vysledku geotechnické-
ho monitoringu vyvold u zhotovitele, sprdvce stavby ci

TuouHel

Owing to the high quality of the jet grouting, the excavation face
was very stable. It was therefore possible to use out round lengths
of 1.25 m along the whole collapsed section (see Fig.8).

The entire excavation through the collapse was carried out
under the protection of two canopy tube pre-support sets consis-
ting of 12 m long tubes @ 114/10 mm and four umbrellas formed
by 9 and 12 m long IBO R 51 R rock bolts. The excavation face
did not have to be divided into partial headings; in some cases
a supporting rock wedge was left at the face.

As far as the tunnel excavation sequence is concerned, the top
heading was excavated first, throughout its length of 36.0 m. The
excavation of the tunnel bench, which was divided into a left-hand
side and right-hand side, followed, with the excavation rounds 2.5
m, again throughout the entire length of 36 m (see Fig. 9).

The Caterpillar CAT 328 D LRC excavator which was buried by
the collapse was recovered during the collapse liquidation operati-
on. Finally the invert was driven in the particular section. The
excavation rounds were 5.0 m long.

6. TUNNELLING IN THE REVIEW | SECTION

This review was prepared as a detailed design “reserve” for the
final section of the excavation of the southern tunnel tube. Review
I of the detailed design contained a proposal for driving of the STT
from chainage km 3.330.020 up to the Pra§ny Most portal at chai-
nage km 3.431.662., i.e. at the length of 101.642 m. Again, the ver-
tical excavation sequence was used, with the parameters identical
with those proposed for the section covered with Review H. This
detailed design was prepared to be applied only if one of the
below-mentioned criteria was met during the implementation of
Review K. Both detailed design reviews were therefore prepared
for the same chainage of the southern tunnel tube.

The criteria resulting in the necessity of the transition of the
excavation procedure according to Review K to the procedure
according to Review I were as follows:

a) deformations of the primary lining exceeding 35 mm are mea-
sured during the top heading excavation or it is obvious from
the course of the deformation curve that this value will be
exceeded;

b) deformations of the primary lining in the stage of closing the
profile are higher than 50 mm or it is obvious from the cour-
se of the deformation curve that this value will be exceeded;

c) ground water inflow (with the exception of process water)
from the top heading face exceeds 1.0 1/s and the stability of
the face continues to deteriorate (ground flaking)

d) overbreaks larger than 500 mm continue to develop during
the top heading excavation;

e) superficial deposits are encountered, groundwater inflows at
the excavation face exceed 0.5 1/s and the stability of the face
continues to deteriorate (ground flaking) during the course of
drilling for protective umbrellas;

f) comprehensive assessment of the excavation or results of geo-
technical monitoring raise contractor’s, construction adminis-
trator’s or Review K author’s doubts about the safety of the
excavation using the horizontal sequence.

Because of the fact that the above-mentioned criteria were not
met during the works, the final part of the STT excavation was
finished in the way described in the detailed design Review
K. Therefore, the structures designed for the vertical excavation
sequence according to Review I were not carried out.

7. TUNNELLING IN THE REVIEW J SECTION

This 32.40 m long section of the NTT was found between the
collapse liquidation section and the section covered with Review
H. The tunnel was driven uphill from the Prasny Most portal, at
the gradient of 0.50%. The horizontal alignment of the NTT in this
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zhotovitele projektové dokumentace, revize K, pochybnos- particular section runs on a left-hand curve with the radius of
ti 0 bezpecnosti realizace s horizontdlnim ¢lenénim vyrubu. R =400.0 m.

Vzhledem k tomu, Ze vySe uvedend kritéria nebyla béhem rea- The excavation of two sidewall tunnels had been finished in this
lizace naplnéna, byla zdvére¢nd Cdst razeb na JTT dokoncena section during previous driving from the Myslbekova portal. These
zplisobem popsanym v revizi K realizalni dokumentace, tedy sidewall tunnels remained unaffected during the incident on 5th
konstrukce svislého Elenéni profilu podle revize I nebyly pouzity. July 2010. Subsequently they were filled with clay-cement mixtu-

re with the aim of stabilising them (see Fig. 10).
7. REALIZACE USEKU REVIZE J The design for the excavation support comprised a primary

lining in shotcrete of the minimum grade C 25/30 reinforced with
Bretex lattice girders from concrete rebars, welded mesh and rock
bolts. The excavation support was designed for the dead weight

Jednalo se o usek STT mezi ¢asti zmdhani zdvalu a Gsekem
revize H v délce 32,40 m. Razba probéhla od portdlu Prasny
most dovrchné ve sklonu 0,50 %. Trasa STT v predmétném

tseku je vedena v levém oblouku o poloméru R = 400 m. and ground pressure. The following excavation support consisting
V tomto dseku byly jiz vyrazeny oba opérové tunely of shotcrete, Bretex lattice girders and welded mesh was designed
v predchozich razbach realizovanych z portdlu Myslbekova. for the excavation support class 5a using the vertical excavation
Tyto opérové tunely ziistaly nepostiZzeny pfi mimoradné udalos- sequence (the excavation of sidewall tunnels had already been
ti ze dne 5. 7. 2010 a nésledné byly vyplnény jilocementovou finished): a 400 mm thick primary lining, Bretex R17, R18 and
smési kvili jejich stabilizaci (obr. 10). R19 lattice girders spaced at 1.25 m + 2 x welded mesh @ 8 mm,
Pro zaji$téni vyrubu bylo navrzeno primdrnim osténim ze stfi- 150/150 mm, radial anchoring with 6.0 m and 4.0 m long IBO R
kaného betonu tiidy nejméné C 25/30, vyztuZenym piihradovy- 32 L rock bolts or 6.0 m and 4.0 m long Wibolt EXP 120 hydrau-
mi rdmy Bretex z betondiské oceli, svafovanymi sitémi lically expanded rock bolts in each excavation round.
a svorniky. Bylo dimenzovdno na vlastni tihu a horninovy tlak. The first step was driving of the top heading throughout its
Vystrojeni primarniho osténi pithradovymi rdmy Bretex length of 32.40 m, in the direction from the Prasny Most portal
a svafovanymi sitémi bylo v technologické ti{dé 5 b pri provi- toward the Myslbekova portal. The excavation started by carrying
déni vertikdlniho &lenéni nésledujici (opérové tunely byly jiz out eight 1.25 m long excavation rounds. It was necessary for con-
vyraZeny): primdrni osténi tunelu mélo tloustku 400 mm a je necting individual sections of the new Bretex lattice girders to the
vyztuZeno ramy Bretex R17,R18 aR19 (a = 1,25 m) + 2 X svafr. original girders in the sidewall tunnels to break down temporary
sit¢ @ 8 mm, 150/150 mm — radidlni kotveni bylo provddéno sidewall tunnel walls, reducing their height to 2.0 to 2.5 m, and
svorniky IBO R 32 L dl. 6 m a 4 m resp. hydraulickymi svorni- excavate the clay-cement filling to a scope allowing the access to
ky Wibolt EXP 120 dl. 6 m a 4 m v kaZdém zibéru. butt plates. A protective umbrella consisting of 9.0 m long IBO R
Nejprve byla vyraZena kalota v celé délce 32,40 m. Smér 51L rock bolts was installed in every other round. Subsequently
razby byl od portdlu Prasny most k portdlu Myslbekova. Razba a part of the sidewall tunnels at the length of two excavation
byla zahdjena vyraZenim 8 zdbéru pri délce zdbéru 1,25 m. Pro rounds was broken out and excavated down to the top heading bot-
napojeni jednotlivych dili novych ramid Bretex na puavodni tom level. Sidewall tunnel ST 2 (which was constructed within the
rdmy v opérovych tunelech bylo tieba nejprve odbourat provi- framework of Review H) was filled with crushed gravel up to the
zorni stény opérovych tunel na vysku cca 2 a7 2,5 m a odtézit | level of the top heading bottom up to chainage km 13.09160. The
jilocementovou vypli v takovém rozsahu, aby byl pristup core was excavated at the full width, i.e. with breaking the inner
k zapojovacim patkdm. Po kazdém druhém zédbéru byl realizo- (temporary) walls at the level of bench in the sidewall tunnels. The
véan ochranny destnik ze svorniki IBO R 51L dI. 9 m. Ndsledné excavation rounds were 2.50 m long. The bottom was excavated in
byla vybourdna a odtéZena &dst opérovych tunelt v délce 2 5.0 m long rounds.
zabéru po droven polvy kaloty. Opérovy tunel OT &. 2 (budo- Bretex lattice girders were always erected with the axis at the
vany v rdmci revize H) byl predtim dosypén $térkodrti na dro- distance of 400 mm from the shotcrete-covered excavation face.
ven po¢vy kaloty aZ do stani¢eni km 13,09160. Razba jddra se Anchoring was carried out in the first and second round behind the
provadéla na celou §itku, tj. i s bourdnim opé€fi opérovych tune- excavation face. The top heading lining was finished by adding
1u. Délka zdbéru byla 2,50 m. RaZba dna se provddéla po zabé- shotcrete to the full thickness in the second and third excavation
rech délky 5 m. round, in one pass. A muck ramp was established between the top
Osa rdmu Bretex se vZdy stavéla ve vzdalenosti 400 od zastii- heading, the core and the bottom. The maximum ramp gradient
kané Celby. Kotveni se provddélo v 1. a 2. zdbéru od Celby. was 20 %.

V kaloté se osténi dostrikdvalo na plnou tloustku ve 2. a 3. zdbé-

ru najednou. Mezi kalotou, opéfim a dnem byla sypand rampa. 8. TUNNELLING IN THE K REVIEW SECTION

Sklon rampy byl max. 20 %. K Review comprised the excavation of the STT from chaina-
, ge km 3.340.00 up to the PraSny Most portal at chainage km
8. REALIZACE USEKU REVIZE K 3.431.662, along the length of 91.662 m. A horizontal excavation
Obsahem revize K bylo provedeni razby JTT od stani¢eni km sequence with vertically divided top heading was designed for the
3,340 00 az k portdlu Pra§ny most ve stani¢eni km 3,431 662, tj. section covered by Review K, similar to the section dealt with in
v délce 91,662 m. V tuseku revize K bylo v projektem navrzeno Review G. The condition for the continuation of using this tech-
horizontdlni ¢lenéni vyrubu s vertikdlné ¢Elenénou kalotou, nology in the given section was that the monitoring results would
obdobné jako tomu bylo v tseku revize G. Pokraovani razeb be favourable and all criteria would be met (see chapter 6). Should
touto technologii v daném dseku bylo podminéno priznivymi one of the criteria have been exceeded, it would have been neces-
vysledky monitoringu a splnénim vsech kritérii (kap. 6). Pokud sary to switch to the vertical excavation sequence and the excava-
by jedno z uvedenych kritérii bylo prekroCeno, muselo by se tion would have continued according to requirements of the detai-
okamzité prejit na razbu s vertikdlnim ¢lenénim vyrubu a razba led design Review I. The excavation encountered excavation sup-
by po té pokracovala podle realizacni dokumentace revize port classes 5a and 5b. The primary support consisting of Bretex
I. Razba probéhla v technologickych tfiddch 5a a 5b a vystrojeni lattice girders and welded mesh was as follows:
primdrniho osténi pfihradovymi ramy Bretex a svarovanymi e The inner (temporary) 300 mm thick wall of the top heading
sitémi bylo nasledujici. was reinforced with Bretex R11 frames (Bretex R12 in the
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ventilation duct) + 2x welded mesh @ 8
mm, 150/150mm.

e The 400 mm thick primary tunnel
lining was reinforced with Bretex
R11 (R12) lattice girders (a = 0.8m
to 1.0 m) + 2 x welded mesh @ 8
mm, 150/150 mm.

The tunnel bottom was reinforced with
two layers of welded mesh @ 8 mm,
150/150 mm. Only one Bretex R1 latti-
ce girder was installed in every fourth
round of the bottom excavation.

The top heading invert, in the cases
where it was required, was 250 mm
thick. It was reinforced with two lay-
T ers of welded mesh @ 8 mm,
150/150 mm, shear ladders and tie-
up reinforcing bars.

IBOR 32 L 6.0 mlong (or 6.0 m long
Wibolt EXP 120 hydraulically expan-
ded rock bolts) and 8.0 m long IBO
R51 N rock bolts were used for radial
anchoring in each excavation round.
Ll The inner (temporary) wall of the top

| heading was anchored with 4.0 m

long Wibolt EXP 120 rock bolts; It

Obr. 9 PFi¢ny profil tunelu v revizi J s puvodnimi opérovymi tunely vyplnénymi jilocementem
Fig. 9 Tunnel cross-section according to Review J with original sidewall tunnels filled with clay-cement mixture

¢ vnitini sté€na (docasnd) kaloty méla tloustku 300 mm a byla
vyztuzena ramy Bretex R11 (ve VZT kandlu Bretex R12) +
2x svarované sit¢ @ 8 mm, 150/150mm,

e primdrni osténi tunelu mélo tloustku 400 mm a bylo vyztu-
Zeno ramy Bretex R11 (R12), (a=0,8m az 1 m) + 2 x svar.
sit€¢ @ 8 mm, 150/150 mm,

¢ dno tunelu bylo vyztuZeno dvémi svafovanymi sit¢émi @ 8
mm, 150/150 mm; rdm Bretex R11 byl ve dné pouze 1 ks
v kazdém C&tvrtém zéabéru,

* dno kaloty — spodn{ protiklenba, v pfipadech kdy se prova-
déla, méla tloustku 250 mm a byla vyztuzena dvéma svaro-
vanymi sittmi @ 8 mm, 150/150 mm, smykovymi Zebriky
a vazanou vyztuzi,

e radidlni kotveni bylo provddéno svorniky IBO R 32 L dI.
6 m, (resp. hydraulickymi svorniky Wibolt EXP 120 dl.
6 m), ddle svorniky IBO R51 N dl. 8 m v kazdém zédbéru;
vnitini (doCasnd) sténa kaloty byla kotvena svorniky Wibolt
EXP 120 dl. 4 m; alternativné bylo mozno téZ pouZit svor-
niky IBO R 32 L, délky 4 m.

V kaloté bylo primarni osténi dostfikdvano na konecnou
tloustku 400 mm ve tfetim zabéru od Celby. Pouzival se stiika-
ny beton tfidy C25/30. V opéfi pak bylo primarni osténi dostfi-
kavano na kone¢nou tloustku ve dvou zdbérech najednou (2. a 3.
zdbér od &elby). Délky zédbéri se v kaloté pohybovaly od
0,9-1,25 m. Délka zébéru v opéfi predstavovala dvojndsobek
délky zabéru kaloty a ve dn€ ¢tyindsobek délky zébéru v kalote.
Ve 2. zébéru od Celby se instalovaly radidlni svorniky.

V pripadech, kdy vrty zasahovaly do pokryvnych ttvart, byl
pouzit vzducho-pénovy vyplach. Z mista vrtdni ochrannych
destniku byl vzdy jeden vrt proveden jako prazkumny. Tento vrt
byl proveden ve vrcholu klenby pod thlem 45°. Ugelem tohoto
vrtu bylo zjistit vySku skalniho nadlozi.

was possible to use 4.0 m long IBO R
32L rock bolts as an alternative.

In the top heading, the final layer of shotcrete was applied to the
primary lining to reach the full thickness of 400 mm in the third
excavation round before the excavation face. C 25/30 grade shotc-
rete was used for this purpose. In the bench, the primary lining
thickness was provided by spraying concrete concurrently in two
excavation rounds (the second and third round before the excava-
tion face). The length of excavation rounds in the top heading ran-
ged from 0.9 to 1.25 m. The length of the excavation round in the
bench was equal to the double of the length of the round in the top
heading; in the invert, it was equal to the quadruple of the round
length in the top heading. Radial rock bolts were installed in the
second excavation round from the excavation face.

Air-foam flushing was applied in the cases where boreholes
extended to superficial deposits. One borehole was always carried
out as a probe hole from the location from which the holes for the
installation of protective umbrellas were being drilled. The probe
hole was drilled at the tunnel crown, at an angle of 45 degrees from
the horizontal. The objective of this borehole was to determine the
height of the rock cover.

Between STT tunnel chainages km 3.350 through 3.357, the tunnel
alignment crossed under the alignment of an existing 700x1250 mm
PVK’s mined sewer. The sewer ran at the level of about 12.50 m
above the tunnel crown, about 11.0 m under the ground surface. The
existing sewer section between Jeleni and M. Hordkové Streets was
provided above the STT and NTT by inserting a 116 m long,
315x28.6 mm PE pipeline in it, with the aim of minimising the pos-
sibility of the saturation of the mined tunnel cover with water.

The settlement values predicted on the basis of results of the
structural analysis for this particular section in the sewer location
were 80 mm; the actually achieved values did not exceed 1 mm.

9. CONCLUSION

In general it is possible to assess the completion of the Brusnice
tunnel excavation as a successfully and safely implemented work,
despite the fact that the duration of the execution of some parts
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Skuteénost / Reality Projekt / Design
Vyhodnoceni monitoringu razeb od KM do KM Prdm. vodo- | Pram. svisla | Prdm. pokles [ Priim. vodo- | Prim. svisla | Prim. pokles | ~ Varovny Varovny Varovny
rovna KVG KVG terénu rovna KVG KVG terénu stav stav KVG stav KVG
v Gseku v Gseku v Gseku v Gseku v Useku v Useku sedani svisla def. vodorovna
(mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
Assessment of excavation From KM To KM Aver. horiz. | Aver. vert. | Aver. terrain | Aver. horiz. | Aver.vert. | Aver. terrain | Settlement | CVG trigger | CVG trigger
monitoring CVGinthe | CVGinthe | settlementin| CVGinthe | CVGinthe | settlementin trigger level -vert. |level - horiz.
section (mm) | section (mm) [the section (mm)| section (mm) | section (mm) the section (mm)| level (mm) | def. (mm) def. (mm)
JIZNI TUNELOVA TROUBA, revize G | 3254420 | 3340000 48 12,3 26,1 11,8 26,0 335 60 60 60
SOUTHERN TUNNEL TUBE 3.254 420 3.340.000 4.8 12.3 26.1 11.8 26.0 335 60 60 60
Review G
SEVERNI TUNELOVA TROUBA, revize G | 13 106 600 | 13 174 419 54 68 16,3 13 13,0 22,4 75 50 50
NORTHERN TUNNEL TUBE 13.106.600 | 13.174.419 54 6.8 16.3 13 13.0 224 75 50 50
Review H
SEVERNI TUNELOVA TROUBA,
Zméahani zavalu 13034 630 | 13074 200 37 6,5 X 88 10,0 X 60 60 60
NORTHERN TUNNEL TUBE 13.034.630 | 13.074.200 3.7 6.5 X 8.8 10.0 X 60 60 60
collapse liquidation
SEVERNI TUNELOVA TROUBA, revize J | 13 074 200 | 13 106.600 37 54 20,3 13,9 14,0 20,3 75 50 50
NORTHERN TUNNEL TUBE 13.074.200 | 13.106.600 37 54 20.3 13.9 14.0 20.3 75 50 50
Review J
JIZNI TUNELOVA TROUBA, revize K | 3340000 | 3431662 49 11,7 413 11,7 32,0 50,1 60 60 60
SOUTHERN TUNNEL TUBE 3.340.000 | 3.431.662 4.9 11.7 413 11.7 32.0 50.1 60 60 60
Review K

Obr. 10 Vyhodnoceni monitoringu raZeb
Fig. 10 Assessment of the excavation monitoring

9. ZAVER

Celkove lze dokonceni raZeb na tunelu Brusnice hodnotit jako
uispésné a bezpecné provedené, i kdyZ doba provedeni nékte-
rych casti (revizi) se protdhla nad standardni dobu provedeni
profilem obdobnych tunelovych staveb. Tuto del$i dobu prova-
déni je mozno pri¢ist na vrub mnozstvi zajistujicich konstrukc{
v jednotlivych zdbérech, provadéni vrtnych praci se vzducho-
-pénovym vyplachem a v neposledni fadé také plnénim statnim
dozorem narizenych opatfeni. Z hlediska konvergen¢niho cho-
vani zabudovanych konstrukei primdrniho osténi (obr. 11) lze
konstatovat, Zze dosazené pramérné konvergence se pohybovaly
bezpecné pod tretinovou hodnotou varovného stavu.

Podobné lze toto konstatovat i o prumérnych poklesech teré-
nu, jez se pohybovaly pod polovinou varovného stavu (mimo
useku revize K).

Dokonéeni raZeb probéhlo se zvysenou &etnosti kontrol OBU
Kladno. Kazda ¢4st vydané realiza¢ni dokumentace byla podrobe-
na supervizi nezdvislého odborného konzultanta a nasledné byla
schvalovana k realizaci OBU Kladno v&etné stanoveni zpiisiuji-
cich podminek provedeni dané realizacni dokumentace. Mimo
tato opatfeni pracovala na stavbé pro zhotovitele dila nezdvisla
konzultaéni firma, kterd monitorovala spolupusobeni horninového
masivu s provadénymi konstrukcemi primarniho osténi tunelu.

Zavérem lze z pohledu autora ¢lanku, ktery na stavbé praco-
val jako zdvodni a vedouci projektu raZzeb po mimoradné uda-
losti z 5. 7. 2010, hodnotit dokonceni razeb na tunelu Brusnice
jako stavbu provadénou pod vysokym spoleCenskym dozorem,
ve kterém je velmi ndro¢né podzemni stavbu zrealizovat.

ING. JAROMIR HEIéT, Jjaromir.hert@metrostav.cz,
METROSTAV, a. s.

Recenzoval: doc. Ing. Matous Hilar, Ph.D.
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(Reviews) exceeded the standard time required for the execution
of tunnel structures with similar profiles. This longer execution
time can be attributed to the high number of supporting structures
installed in individual excavation rounds, drilling operations requ-
iring air-foam flushing and, at last but not least, implementing
measures ordered by government supervision (bureaus of mines).
As far as the convergence behaviour of the built-in primary lining
structures is concerned (see Fig. 11), it can be stated that the ave-
rage convergences achieved fluctuated safely below a third of the
trigger levels.

It is similarly possible to state the same even about average
values of the ground surface settlement, which fluctuated below
a half of the trigger levels (with the exception of Review K).

The completion of the tunnel excavation was attended by the
increased frequency of inspections by the Regional Bureau of
Mines, Brno. Each part of the detailed design which was issued
was subjected to supervision by an independent technical consul-
tant. Subsequently it had to be approved for implementation by the
Regional Bureau of Mines, Kladno, including tightening conditi-
ons for the implementation of the particular detailed design packa-
ge. Apart from the above-mentioned measures, an independent
consultancy firm worked on site for the contractor. Its task was to
monitor the interaction between the ground mass and the tunnel
primary lining structures being installed.

To conclude, it is possible for the author of this paper, who wor-
ked on this construction in the position of a mine manager and pro-
ject manager after the 5th July 2010 collapse, to assess the com-
pletion of the Brusnice tunnel excavation as a job which was per-
formed under high social oversight, owing to which it was very
demanding to carry out the works.
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NEKTERE ASPEKTY PORUCH VINNYCH SKLEPU
SOME ASPECTS OF DEFECTS OF WINE CELLARS

JAN BROTHANEK, VLADISLAV HORAK, HYNEK JANKU, MICHAL KURUC

ovop

Pod pojmem podzemni stavba si obvykle i velmi pouceny odbor-
nik (0 méné pouenych nemluve) predstavi Zelezni¢ni nebo silnié-
ni tunel pripadné jiny vétsi az velky projekt umistény v podzemi,
zkratka objekt vyhovujici ustanoveni Zdkona ¢. 61/1988 Sb.,
o hornické Cinnosti, vybuSnindch a o stdtni banské spravé [1].
V nékterych &astech CR se vSak nachdzi az prekvapivé velké
mnozstvi malych aZ velmi malych podzemnich staveb, které by
bylo snad mozné zaradit do skupiny podzemnich staveb ,komu-
nalnich“ (podle Vyhlasky CBU 55/1996 Sb. patrné definovatelnych
jako ,,drobné podzemni dilo). Jedn4 se o vinné sklepy. Ze je tato
problematika zivd, ilustruje aktudlné napiiklad i ¢dst odborného
prispévku v Casopisu Tunel (viz Butovi¢, a kol., &. 2/2011, str.
29-35).

Rozsifeni vinnych sklept je prirozené védzédno na dzemi ve kte-
rém je vinnd réva péstovdna a zpracovavana i s naslednym uloze-
nim a ze zna¢né Cdsti i spotfebou findlniho produktu — vina. Podle
Zakona ¢. 321/2004 Sb., o vinohradnictvi a vinafstvi [2] jsou na
tizemi CR stanoveny dvé vinaiské oblasti — Cechy a Morava. Ty
se déle déli v Cechéch na vinarské podoblasti Mélnickou (37 obci,
z toho 5 na izemi hl. mésta Prahy) a Litoméfickou (29 obci, mezi
nimi i krajské mésto Usti n/L) a na Moravé na vinafské podoblas-
ti Znojemskou (93 obci), Mikulovskou (34 obci), Velko-
pavlovickou (93 obci) a Slovackou (131 obcei) — viz obr. 1. Jak jiz

INTRODUCTION

It is usual that under the term “underground structure” even
a highly knowledgeable professional (not speaking about the less
knowledgeable) imagines a railway or road tunnel or another lar-
ger to large project located underground, in short a structure mee-
ting requirements of the Act No. 61/1988 Coll. on mining activiti-
es, explosives and state mining administration [1]. Surprisingly,
there are many small to very small underground structures in some
regions of the Czech Republic which could probably be categori-
sed as “community” underground structures (they can be probab-
ly defined according to the Decree No. 55/1966 Coll. of the Czech
Bureau of Mines as “small underground workings”). This is the
issue of wine cellars. The fact that this issue is living is currently
illustrated, for example, by a part of the technical paper in TUNEL
journal (see Butovic et al., No. 2/2011, pages 29-35).

The spread of wine cellars is naturally bound to the area in
which grape vine is planted and processed, together with subsequ-
ent storing and, to significant extent, consuming the final product
— wine. According to the Act No. 321/2004 Coll. on Viniculture
and Wine Production [2], there are two wine producing regions:
Bohemia and Moravia. These areas are sub-divided into wine pro-
ducing sub-regions of Mélnik (37 municipalities, 5 of them found
in the area of the City of Prague) and Litoméfice (29 municipali-
ties with the regional town of Usti n/L) in Bohemia and wine

- y L Bohemia
< L
» %, -

]
* Praha

?‘;ﬂ Vinafska oblast Cechy
o\ Wine producing region

Vinaiska oblast Morava
Wine producing region Moravia

Obr. 1 Vina¥skd oblast Cechy s vinai'skymi podoblastmi (vidy zleva) Litomé¥ickou a Mélnickou; vinaiskd oblast Morava s vinaFskymi podoblastmi Znojemskou,

Mikulovskou, Velkopavlovickou a Slovdckou [2]

Fig. 1 Wine producing region Bohemia with wine producing sub-regions (always from the left): Litomérice and Mélnik. Wine growing region Moravia with wine

growing sub-regions of Znojmo, Mikulov, Velké Pavlovice and Slovdcko [2]




Obr. 2 ,Kvelbeni“ s vystavbou obezdivky v otevieném vykopu; tloustka
obezdivky na 1 cihlu = 15 cm, sklep bude posléze zasypdn [10]

Fig. 2 ,,Kvelbeni* with the erection of a lining in an open trench. Full-brick,
15 cm thick lining. The cellar will be subsequently backfilled [10]

bylo naznaceno, nachdzi se v téchto oblastech velké mnoZstvi vin-
nych sklepa. Jejich presnéjsi kvantifikaci se dosud nikdo nezaby-
val, jen podle priblizného odhadu spolupracovniku Vinarského
fondu [8, 9] jde na Moravé o zhruba 4 000 az 5 000 sklept (s frek-
venci priblizn€ 50 téchto objekti na malou vinafskou obec a aZz
300 objektl na vinafskou obec velkou). V Cechéch se pfitom
jednotek s tim, Ze na zdklad¢é odlisného historického vyvoje jde
zpravidla o podzemni objekty jiného stavebniho typu (sklepy
byvaji soucasti obytného stavebniho objektu na povrchu) a jejich
koncentrace neni zdaleka tak vysokd jako sklept moravskych.
Tento prispévek se zabyvd jen vinnymi sklepy na Morave.

1 VINNE SKLEPY NA MORAVE

Podzemni prostory sklept zde byly, resp. pordd jesté jsou bézné
zFizovény a rozsifovany bud v otevienych mélkych vykopech (to
tam, kde jde o nevelkou hloubku a na povrchu nenf zZadna prekaz-
ka — obr. 2) nebo jen jednoduchou aZ primitivni ru¢ni raZbou (obr.
3). V obou piipadech se poté viceméné standardné postupuje
vyzdénim uvolnéného prostoru klenutou obezdivkou na dfevéném
ramendtu, a to obyCejné na 1 plnou cihlu (tzn. s tlouStkou obe-
zdivky 15 cm) — v fe¢i mistnich vinafu se uvedeny postup nazyva
,kvelbeni“. Sklepy budované v otevienych vykopech byvaji zasy-
péany, nékdy i vyrazné presypany. Pocva sklipku byvd obvykle
ponechdna jako nevyzdénd, pouze tam, kde md soucasné sklep
slouZzit opakovanému spolecenskému posezeni nebo pohybu vice
osob, byva opatfena dlazbou. Uvedeny zpusob je pouZivdn nej-
Castéji tam, kde horninové prostiedi vzhledem ke své nizké kvali-
té pfimo vyZaduje alespon minimalni vyzdéni — tzn. ve sprasoid-
nich, jilovych a jim podobnych ,,mékkych* a mélo kvalitnich vrst-
véach. Pokud je horninové prostredi povazovano za kvalitnéjsi az
kvalitni (jilovité piskovce, piskovce, slepence a podobné typy sla-
bych hornin) jsou v nékterych lokalitich sklepy po vyraZeni
vyzdivdny jen Céste¢né nebo ponechdny v zaklenutém prafezu
zcela bez vyzdivky. Velky vliv na to, jak postupovat, ma prede-
v§im mistni (historickd) zkuSenost. Je naprosto bézné, Ze stavba
probihd zivelné, jen podle okamzitého ndpadu uzivatele, bez jaké-
hokoli ndvrhu, o fddném kolaudadnim rizeni nemluveé. Pomérné
Casté je naprosté ignorovéni okolnich poméru a vazeb na blizsi
i vzddlenéjsi prostiedi. SpiSe Casté je Edsteéné nebo naprosté zane-
dbani udrzby.

Je jen prirozené, Ze pfi vysokém mnozstvi velmi podobnych
podzemnich objektd zfizovanych uvedenymi jednoduchymi
postupy a provozovanych vyse uvedenym zpusobem se vyskytuje
i fada potizi a poruch. Je tieba rovnéZ zohlednit stafi sklept
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producing regions of Znojmo (93 municipalities), Mikulov (34
municipalities), Velké Pavlovice (93 municipalities) and Slovacko
(131 municipalities) — see Fig. 1. As mentioned above, there are
lots of wine cellars in these regions. No more exact quantification
of the cellars has been carried out. It is only according rough gues-
sing of partners of the Wine Industry Fund [8, 9] that there are
about 4000 to 5000 cellars in Moravia (with the frequency of app-
roximately 50 cellars per a small wine growing village and up to
300 per a large wine growing municipality). The quantity of cel-
lars in Bohemia is much lower, in the order of first hundreds of
units. They are, on the basis of different historic development,
usually underground structures of another type (cellars are usual-
ly parts of surface residential buildings) and their concentration is
far from being so high as that of Moravian cellars. This paper
deals only with Moravian wine cellars.

1 WINE CELLARS IN MORAVIA

Underground spaces of cellars were or still are commonly
built or expanded either in shallow open trenches (in locations
where the depth is not big and there is no obstacle on the surfa-
ce — see Fig. 2) or by simple, even primitive hand mining (see
Fig. 3). In either case the subsequent procedure is more or less
standard. The vacated space is provided with vaulted full-brick
(i.e. 15 cm thick) lining erected on a wooden template. Local
wine growers call this procedure “kvelbeni”. The cellars built in
open trenches are usually backfilled, sometime with the backfill
significantly rising above the terrain. Bottoms of the cellars are
usually left without the brick lining. They are paved only in the
cases where the cellar is intended to be used for repeated social
parties or the movement of more persons. This way is used
most frequently in the locations where, owing to its low quality,
the ground environment explicitly requires at least a minimum
lining, namely in loessal, clayey and similar “soft” and low qua-
lity strata. If the quality of the ground environment is conside-
red to be higher up to good (clayey sandstone, conglomerates
and similar types of weak rock), cellars are provided with only
partial brick lining after the excavation or their vaulted cross-
section is left without any lining. Local (historic) experience has
a significant influence on this procedure. It is an absolute com-
monplace that the construction proceeds in an unrestrained way,
without any design, speaking nothing of a regular final building
approval. Complete ignoring of conditions in the neighbourho-
od and relationships to the closer and more distant environment
is relatively frequent. Rather frequent is partial or complete
neglecting of maintenance.

It is only natural that many problems and difficulties are
encountered when the quantity of similar underground structures
which are built using the above-mentioned simple procedures and
operated in the above-mentioned way exists. In addition, it is
necessary to take into consideration the age of the cellars (signifi-
cant number of them were documented over hundred years ago,
some of them even much earlier). It is known that defects or seri-
es of defects of wine cellars occurred periodically in some locati-
ons. We mention only randomly several recent cases: Cejkovice
u Hodonina, 2001 [4], Novy Saldorf and Satov in the Znojmo regi-
on, 2004 [7] — see Figures 4 and 5, Borfetice u Velkych Pavlovic,
2009 [5, 6, 7] and Popice u Hustopec¢i near Brno, 2010 - see
Fig. 6. Causes of defects usually differ, but many of them can be
generalised without big problems. As an illustrative example, we
present in detail a case of defects of cellars in the village of
Boretice in 2009 [5, 6].

2 BORETICE NEAR VELKE PAVLOVICE

In January 2009, defects of wine cellars and related surface
structures were discovered in the quirky locality of Bofetice —
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Obr. 3 Pernd u Mikulova; ,,Kvelbeni*“ s vystavbou obezdivky tuneldrskym
zpusobem, patrny je nové vyzdeny pas, tloustka obezdivky na 1 cihlu = 15 cm,
obnaZend Celba s dobfe patrnymi paleogennimi vrstvami, raZba a zdeni
provddeény v prodlouZeni existujiciho sklepa v nevelké hloubce pod mistni
komunikaci, prakticky bez jakéhokoli zabezpeceni

Fig. 3 Pernd u Mikulova. ,,Kvelbeni“ with constructing the lining in a tunnel
construction way. A newly constructed brick lining of an excavation round
can be seen. Full-brick, 15 cm thick lining. Exposed face with clearly visible
Palaeogene layers. The excavation and masonry are carried out in an exten-
sion of the existing cellar, at a small depth under a local road, practically wit-
hout any support

(73

(neprehlédnutelnd fada z nich je dokumentovéna jiz pred vice neZ
100 lety, n€které i pred mnohem del$i dobou). Poruchy nebo série
poruch vinnych sklepu se pfitom v fadé lokalit vyskytuji periodic-
ky. Jen namdtkou uvddime nékolik piipadi z posledni doby:
r. 2001 Cejkovice u Hodonina [4], r. 2004 Novy Saldorf a Satov
na Znojemsku [7] —obr. 4 a 5, r. 2009 Boretice u Velkych Pavlovic
[5, 6, 7] ar. 2010 Popice u Hustopeéi u Brna — obr. 6. Pfi¢iny
poruch byvaji sice rizné, ale fadu z nich lze bez velkych problé-
mu zobecnit. Jako ilustrativni je zde podrobné popsany piipad
poruch sklepu z r. 2009 v obci Boretice [5, 6].

2 BORETICE U VELKYCH PAVLOVIC

V lednu 2009 doslo ve svérazné lokalite¢ Boretice — Kravi hora
k poruchdm vinnych sklepti a s nimi souvisejicich nadzemnich
objektu. Situaci vénovala, tak jak byva v téchto pripadech obvy-
klé, znacnou publicitu veskera jihomoravska zpravodajskd média
(viz napf. [7]).

sklepy; porucha byla zpusobena nedostate¢nou udrZbou konstrukce sklepa
a pretéZovdnim mistni komunikace [7]

Fig. 4 Novy Saldorf, 2004 - defect in a local road above wine cellars. Defect
was caused by insufficient maintenance of the cellar roof and overloading of
the local road [7]
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Kravi hora. All South Moravian news media devoted significant pub-
licity to the situation, as usual in such cases (see for example [7]).
2.1 History

Vineyards on the best known of the Boretice hills called Kravi
hora Hill (owing its name “Cow Hill” to a former grazing land)
have been remembered since 1355. At the moment there are 230
cellars with wine presses in this wine producing village (see Fig.
7). In Horn{ “frejd” (named after a hedge fencing upper and lower
limits of vineyards), there are separately standing pressing houses
from the 18th century, with their gables oriented in one direction.
Their locations were marked in a topographic plan as far back as
1836 — 1852. The pressing house No. 49 with a cellar dated 1794
and the cellar bearing the name of Fabidn Fiala and the date of
1818 on the ventilation outlet belong among the oldest structures
in this location. As far as common building documents are con-
cerned, only purchasing contracts for buildings are known.
Surprisingly, no topographical survey of the historic or, above all,
current condition of underground or even surface structures has
existed (a survey of the current condition is now, with breaks,
being worked on — see paragraph 2.7). After the change in social
conditions, first of all during recent 10 years, building activities in
the area significantly increased. Surface buildings (pressing hou-
ses) were supplemented by wine bars or even accommodation
facilities, using common techniques, simply adding another floor
on top of the existing ground floor. In many cases this process was
combined with expanding the underground spaces. These spaces
were originally not too long, very simple “wine caves”, historical-
ly often only dug in ground without brick lining. But today they
often have the form of long or large-profile wine cellars with
archives. Cellars were most frequently expanded by enlarging the
length or even width of the original cellar. The surface spaces were
established using classical building procedures, whilst simple
hand mining procedures were applied to underground spaces (one
of the authors was a witness of enlarging the end part of a cellar
transversally to form an alleged archive; it was hand excavated
“full-face”, without any temporary support, with safety measures
completely absent). The bottom of cellars was usually left without
brick pavement. On the ground surface, service roads were step-
by-step provided with asphalt pavement.

However, according to information regional council president,
who put stress on it at a meeting summoned at the beginning of
2009 with the objective to deal with the then topical collapse of
a cellar, despite all visible construction activities in the location,
no final inspection proceedings took place during the course of
previous ten years (sic!).

Obr. 5 Satov, rok 2004 - zdval v mistni komunikaci do Moravského sklipku;
porucha byla zpiisobena pretéZovanim mistni komunikace [7]

Fig. 5 Satov, 2004 — sinkhole in the local rod to a Moravian cellar. The
failure was caused by overloading of the local road [7]
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Obr. 6 Popice (u Hustopeci u Brna), rok 2010, zdval starého vinného sklepa
v mistni komunikaci, pri¢inou bylo zanedbdni tidriby konstrukce sklepa
a pretéZovdni mistni komunikace

Fig. 6 Popice (near Hustopece u Brna), 2010. Collapse of a wine cellar under
the local road. Defect was caused by insufficient maintenance of the cellar
structure and overloading of the local road

2.1 Historie

Vinohrady v nejzndméjsi boretické hore zvané Kravi (vdécici za
své jméno byvalé pastviné) se pripominaji jiz roku 1355. Ve vinaf-
ské vesniCce se dnes ve dvou faddch nad sebou nachdzi 230 skle-
pu s lisovnami — obr. 7. V Hornim frejdu (ndzev od Zivého plotu,
kterym byly dfive ohrazeny horni a dolni hranice vinohradu)
samostatné stoji Stitové orientované lisovny z 18. stoleti, poloho-
pisné zakreslené jiz na mape z let 1836-1852. K nejstar$im stav-
bam zde patii lisovna ¢. 49 se sklepem datovanym rokem 1794
a sklep, ktery na vyusteéni ventilace nese jméno Fabian Fiala a rok
1818.Z pohledu obvyklé stavebni dokumentace jsou zndmy pouze
kupni smlouvy objekta. Kupodivu vSak neexistuje dosud Zddné
pouzitelné zaméreni historického, ale predevs§im ani soucasného
stavu podzemnich a dokonce ani nadzemnich objektt (na zamére-
ni soucasného stavu se nyni, navic s prestdvkami, pracuje — viz
odstavec 2.7). Po zméné spoleCenskych poméru, predeviim pak
v poslednich asi 10 letech vypukl v misté piekotny stavebni ruch.
Byly rozsifovany nadzemni objekty (lisovny doplnény o vindrny,
prip. i ubytovaci kapacity), a to, viceméné bézné, pristavenim dal-
§tho podlaZi na existujici parter. S tim $lo v fadé pripadu
i roz8ifovéani podzemnich prostoru. Ty pfitom mély puvodné podo-
bu jen neprili§ dlouhych a velmi jednoduchych ,,vinnych locht* —
Casto historicky jen ,,zemnich® — tzn. nevyzdénych. V soucasné
dobé se vSak jiz mnohdy jednd o dlouhé &i prurezové rozmérné
vinné sklepy s archivy. Rozsifovéni sklepu se délo nejéastéji pro-
dlouZenim puvodniho sklepa nebo i jeho pfiénym rozsifenim.
Nadzemni prostory byly zfizovany klasickymi postupy, podzemni
prostory jednoduchou ru¢ni razbou (pri¢ného rozsifovani koncové
Casti sklepa do ddajného archivu byl osobné svédkem jeden
z autoru tohoto ¢ldnku; délo se to na plny prufez, uvedenou ru¢ni
razbou, bez jakéhokoli provizorniho zajisténi, s naprostou absenci
bezpecnostnich opatieni). Po¢va sklipki byla béZné ponechdna
nevyzdénd. Na povrchu tzemi byly postupné ziizeny asfaltové
kryty obsluZnych komunikaci.

Podle informace osobné zduraznéné krajskym hejtmanem pri
jedndni svolaném pocatkem roku 2009 k tehdy aktudlni havarii
sklepa vsak, i pres veskeré viditelné stavebni zdsahy v misté, zde
podle ddaju mistné prislusného stavebniho uradu ve Velkych
Pavlovicich neprobéhlo v poslednich deseti letech ani jedno
kolaudacni fizeni (sic!).

Sesuti prvniho sklepa bylo zaznamendno v dolni ulicce jiz
v bieznu 2008. Ve treti dekdde ledna (presné 23. 1.) 2009, po
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Obr. 7 Situace vinnych sklepu v Boreticich — Kravi hore (<www.mapy.cz>)
Fig. 7 Layout of wine cellars in Boretice — Kravi Hora (<www.mapy.cz>)

A collapse of the first cellar was registered in the lower row as
long time ago as March 2008. During the third decade of January
2009 (precisely on 23rd January), water unexpectedly rushed into
two cellars after rapid warming and thawing of all snow, in the
same way as it happened a year earlier also in the lower row, with
subsequent collapses of the cellars. The left-hand cellar suffered
a collapse of the brick vault and was filled with debris throughout
its length, up to the entrance neck. In the right-hand cellar, water
broke through the left-hand half of the vault and about two thirds
of its length collapsed (see Fig. 8). The collapse progress was
extremely fast. Even a surface pressing house (No. 53) in the
upper row was seriously in the connection with the collapse of the
cellars. Its floor caved including partition walls and, at a time lag
of several hours, part of an outer wall and part of the ceiling fell
down. A collapse crater developed under the foundation of the col-
lapsed wall and a deformed roof frame remained hanging above it
—see Fig. 9.

Significant property damage originated (among other things,
even the wine stored in the cellars remained buried by the collap-
ses) and it was only owing to lucky coincidence that no serious
injuries or losses on human lives were caused.

2.2. General situation

The locality is found in the South Moravian Region, about 3 km
north-east of the village of Velké Pavlovice. Cellars and surface
buildings pertaining to them were built in two rows, at two levels,
along a contour service road on the SE slope of the markedly
morphologically rising Kravi hora Hill (about 260 m a.s.l.) — see
Fig. 7. The major part of the village of Boretice is spread on the
opposite slope, SE of a not too wide valley along the Trkmanka
Brook. The area is intensively cultivated. The significant econo-
mic and cultural importance is historically connected with gro-
wing grape vine. Vineyards themselves are found on narrow plots
of land, immediately above the upper row of cellars. The rows of
vine run in parallel with lines of maximum slope on the Kravi hora
flank.

The geological cover in which the cellars were built and surfa-
ce buildings were founded is formed by a thick Pleistocene loess
bank. The bedrock in the location consists of the Zdanice-
Hustopece formation in psamitic facii with layers of conglomera-
tes (Eger — Eggenburg). According to laboratory analyses, the res-
pective loess can be categorised as clay with medium plasticity
F6/CI (CSN 73 6133/2010) or sandy-silty clay sasiCl (CSN EN
ISO 14688-2/2005). No aquifer exists in the loess. Nevertheless,
water, first of all rainwater or (to a smaller extent) polluted water,
is not at all drained in a controlled way, thus it penetrates into the
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Obr. 8 Boretice — Kravi hora, leden 2009 — &dsteéné zavaleny sklep p. Viclava
Bukovského; vlevo od zdvalového kuZele je patrné porusSeni vyzdivky, v pravé
paté zdvalu jsou uvizlé sudy s vinem

Fig. 8 Boretice — Kravi hora, January 2009 — partially collapsed cellar of Mr.
Vdclav Bukovsky. Damaged brick lining is visible on the left side. There are
tuns with wine left at the right-hand collapse toe

rychlém oteplen{ a odtdni snéhu, doslo k ndhlému pruniku vody do
dvou sklepu, stejné jako pred rokem opét v dolni fadé, s jejich
naslednym zavalenim. U levého sklepa doSlo k poruSeni cihelné
sklepa k protlaceni v levé poloviné klenby a jejimu zficeni v asi
2/3 délky (obr. 8). Vyvoj zdvalu byl nezadrzitelné rychly.
V souvislosti se zdvalem sklept byla zna¢né postiZena i nadzemni
lisovna (€. 53) v horni fadé. Jeji podlaha se propadla, a to vCetné
pricek, a s odstupem nékolika hodin pak doslo ke zriceni &asti jeji
obvodové stény a Césti stropu. Pod zdkladem ziicené stény se
vypropagoval zdvalovy kréter, nad kterym zustal viset deformova-
ny krov objektu — obr. 9.

Vznikly vyznamné majetkové Gjmy (v zavalech zustalo, mimo
jiné, i veskeré uloZené vino) a jen Stastnou shodou okolnosti nedo-
Slo k téZkym zranénim osob &i ztratdm na lidskych Zivotech.

2.2 V3eobecna situace

Lokalita se nachdzi v Jihomoravském kraji, asi 3 km SV od
Velkych Pavlovic. Sklepy a k nim nélezejici nadzemni objekty
jsou vybudovany okolo vrstevnicové obsluzné komunikace v JV
svahu vyrazné morfologicky vystupujici Kravi hory (asi 260 m
n. m.), ve dvou faddch nad sebou — obr. 7. Obec Boretice se roz-
klada prevazné v protéjsim svahu na JV nepfili§ Sirokého tdoli
s protékajici fi¢kou Trkmankou. Uzem je intenzivné zemédélsky
obdéldvano, znaény ekonomicky i kulturni vyznam je historicky
spojen s péstovanim vinné révy. Vlastni vinohrady se nachdzeji na
tizkych parceldch bezprostfedné nad horni fadou sklepu a jejich
radky jsou vedeny spadnicové po tibo¢i Kravi hory.

Geologicky je pokryv, v némz jsou zfizeny sklepy a zaloZeny
nadzemni objekty, budovdan mohutnou navéji pleistocennich
sprasi. Podlozi lokality pritom predstavuje Zdanicko-hustopec-
ské souvrstvi v psamitické facii s polohami slepencu
(eger—eggenburg). Podle laboratornich rozbort lze predmétné
sprase zatfidit jako jil se stfedni plasticitou F6/CI (CSN 73
6133/2010), resp. jako piscity siltovity jil sasiCl (CSN EN ISO
14688-2/2005). Ve sprasich se nenachdzi zddnd zvoden.
Predev§im srdzkové ani (to v priméfené mensi mife) odpadni
vody vSak nejsou nijak fizené odvadény, tim pronikaji do podlo-
7i vsakem i ronem po spadnicovych(!) fadcich vinohradu nad
sklepy a stékaji po asfaltové komunikaci. Nékteré nadzemni
konstrukce maji pro srazkovou vodu zadrZny charakter. Plati to
zejména v pripadé privalovych deSti a pro prudké odtani
a zretelné je to pozorovatelné ve stopach na sténach nadzemnich

sub-base by the way of seepage or overland flow along the rows
of vine following the maximum slope (!) over the cellars and flow
along the asphalt road. Some of the surface buildings have the cha-
racter of water catching dams. This applies first of all to the cases
of storm rainfalls and after rapid thawing of snow. Traces can be
clearly observed on the walls of the surface buildings.
A permanently waterlogged location overgrown with reed (sic!)
was even found above the upper row of cellars.
2.3 Technical condition of structures

The technical condition of some of the cellars which were made
accessible on the right-hand side of the newly originated collapse
was not too good. They were wet, with frequent bulging of the
lining at the level of the bottom of side walls (by up to 0.2 m) or
crushing of edges of bricks in vaults. On the one hand, some of the
cellars found in the close vicinity of the collapse were supported
with timbering; on the other hand, the timbering was found dama-
ged, not activated or partly consumed by fungal decay or mildew
— see Fig. 10. Defects of masonry structures were revealed on
several surface buildings (pressing houses, wine bars). The defects
were visible in typical tension cracks and shear cracks, which
developed due to extensive settlement of foundations. The techni-
cal condition of the road running along the upper row of cellars,
displaying significant cracks and defect of the asphalt pavement,
was not perfect.

2.4 Causes of the defects

The causes of the defects could be summarised in a statement
that the locality is overburdened in all respects. Individual signifi-
cant partial causes can be presented as follows:

The penetration of water into the ground environment.
Ground in this location is formed by Pleistocene loess (see par. 2.2).
This material is extremely sensitive to the content of water or moi-
sture due to seepage. As mentioned above, draining of rainwater and
sewage is not solved in the entire locality. Penetration of water into
the sub-base causes the long-term deterioration of mechanical pro-
perties. The fact that the vertical permeability of the loess is, with
the highest probability, higher than horizontal permeability and, first
of all, the fact that the sub-base in the location is significantly dis-
sected by existing wine cellars (in some places even at several
levels) and foundations of buildings contribute to this process. Even
according to unambiguous statements of local eyewitnesses, the
loess used to be “firmer” and more stable in the past.

Loads on ground. Original modest single-purpose one-storey
buildings attached to cellars (pressing houses) were recently

zavalenym sklepem p. Viclava Bukovského
Fig. 9 Boretice — Kravi hora, January 2009. Partially collapsed pressing

house No. 53 above the collapsed cellar of Mr. Vdclav Bukovsky
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objektt. Nad horni fadou sklept bylo shleddno dokonce misto
trvalého zamokfeni porostlé rdkosem (sic!).
2.3 Technicky stav objekttl

Technicky stav nékterych zpfistupnénych sklepa vpravo od
nové vzniklého zdvalu nebyl prili§ dobry. Byly velmi vlhké,
s Castym boulenim obezdivky v opéfi pri patach klenby (az 0 0,2 m)
nebo drcenim hran cihel v klenbach. Nékteré sklepy v bez-
prostredni blizkosti zdvalu byly sice podepteny vydievou, ale ta
byla shleddna misty poSkozend, neaktivovana ¢i hnilobou a plisni
Castedné stravend — obr. 10. U fady nadzemnich objektu (lisovny,
vindrny) byly viditelné poruchy zdiva v typickych tahovych
a smykovych trhlindch vzniklych vyraznym (pro)sedanim zdkla-
du. Technicky stav komunikace pri horni fadé sklept nebyl nijak
skvély, s vyraznymi zdtrhy a poruchami asfaltového krytu.

2.4 Pfi€iny vzniku poruch

Pri¢iny vzniku poruch bylo mozné sumarizovat do konstatova-
ni, Ze lokalita je vSestranné pretizena. Jednotlivé vyznamné dil&{
pri¢iny lze uvést nasledovné.

Pronikani vody do horninového prostredi. Zikladova puda
lokality je budovédna pleistocennimi sprasemi. Jde pfitom
0 zeminy mimorddné citlivé na obsah vody, resp. na provlhan{
v dusledku jejtho pronikdni. Jak bylo jiz uvedeno, neni v celé
lokalité nijak feSeno odvedeni srdzkovych a splaskovych vod.
Jejich pronikdni do podloZi zpusobuje dlouhodobé sniZzovan{
mechanickych vlastnosti. Tomu napomadha to, Ze propustnost tech-
to sprasi je s nejvyssi pravdépodobnosti ve svislém sméru i vyssi
nez ve sméru vodorovném a predevsim to, Ze podloZi lokality je
znacné strukturovdno soucasnymi vinnymi sklepy (a to v nekte-
rych mistech i ve vice drovnich) a zdklady objektu. I podle jedno-
zna¢ného vyjadieni mistnich pamétniku byvaly sprase v minulosti
,.pevnéjsi a stabilngjsi.

Zatizeni zakladové pudy. Pivodni skromné jednoticelové pri-
zemni objekty pri sklepech (lisovny) byly ve znaéné mife a bez
jakékoli kontroly v neddvné minulosti prebudovany na vicetcéelo-
vé, Casto dvoupodlazni objekty. Tim doslo k vyraznému pritizeni
jejich jiz tak nedostatené dimenzovanych zdkladi a ndslednému
vyvoji poruch. A soucasné predevsim k pritizeni primitivnich kon-
strukei sklept v jejich podlozi. To se tykd predev§im sklepu
v dolni fadé. Neni proto zajisté ndhodou, Ze poruSené sklepy zatim
leZi pravé v dolni radé.

Nekontrolované rozsirovani sklepu a jejich Spatny technicky
stav. Sklepy (,,lochy*) piivodné jen nejpotiebnéjsi kubatury byly
v neddavné dobé, a plati to i pro soucasnost, bez jakékoli regulace
roz$ifovany jak v délce, tak Casto i v pri¢ném prafezu.
Problematické je to predevsim opét u sklept doln{ fady. AZ zamé-
feni soucasného stavu ukazalo, Ze mezilehlé pilite mezi nékterymi
sklepy jsou extrémné uzsi nez 1 m! Mimoradné §tihlé horninové
pilife ve sprasi pfitom nemohou byt vibec nosné. Poruseni kon-
strukce jednoho sklepa tak muze jednoduchym dominovym efek-
tem fatdlné ovlivnit stabilitu sousednich sklepu. Mistné mimorad-
nd koncentrace podzemnich prostor je zfejmd z obr. 11. Technicky
stav nékterych sklepti navic nenf piili§ dobry. Rada z nich rovnéz
nemd vibec vyzdénou polvu, a tim tedy postrada prvek, ktery
muze byt z hlediska dnosnosti jiz tak subtilniho osténi velmi
vyznamny (viz dale).

Provoz na obsluzné komunikaci. Provoz na pozemni vrstevni-
cové komunikaci obsluhujici horni fadu sklepu také nepfiznivé
staticky a dynamicky pritéZuje podloZi, potazmo obezdivku skle-
pu spodni fady. Plati to pfedevsim pro intenzivni dopravu v obdobi
sklizné a zpracovani vina, ale také pro nepravidelnou dopravu
v rdmci ,,vinarské turistiky*.

2.5 Model MKP

Pro potvrzeni nékterych predpoklada uvddénych v predchozim
odstavci bylo chovani konstrukei a prostfedi jednoduse parame-
tricky modelovano jako 2D tloha v programovém vybaveni MKP
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Obr. 10 Boretice — Kravi hora, leden 2009; jeden ze sklepu bezprostiedné
vlevo ziiceného sklepa, zavalené ¢elo a bouleni vyzdivky v paté opéri, rozpér-
nd vydreva je nahnild a postiZend plisni

Fig. 10 Boretice — Kravi hora, January 2009. One of the cellars immediately
on the left side of the collapsed cellar. The collapsed face and bulging of the
lining at the toe of the bench. Bracing timbering is affected by fungal decay
and mildew
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reconstructed to a significant extent to multi-purpose, frequently
two-storey buildings, without any control. As a result, the founda-
tions, the dimensions of which had even been inadequate till that
time, received significant additional loads, leading to the develop-
ment of defects. At the same time, in the first place, the loads
acting on the primitive structures of the cellars in their sub-base
increased. This applies first of all to the cellars in the lower row.
This is certainly not accidental that the till now damaged cellars lie
in the lower row.

Uncontrolled expansion and poor technical condition of cel-
lars. The cellars (“holes”), originally only with the most necessa-
ry volumes, have recently been, and this applies even to the pre-
sent, enlarged without any regulation, not only in the length but
often also in the cross-section. This is problematic first of all in the
cases of cellars in the lower row. It was only when the existing
condition had been surveyed that it was proved that intermediate
pillars between some cellars were in extreme cases narrower than
1 m. Nobody was bothered by the fact that extremely slender
ground pillars in loess can never carry any loads. Damaging of the
structure of one cellar may therefore fatally influence the stability
of neighbouring cellars as a result of a simple domino effect. The
exceptional concentration of underground spaces in this location is
obvious from Fig. 11. In addition, the technical condition of some
cellars is not too good. Many of them have no brick lining at the
bottom, thus they lack the element which can be very important
for a slender lining (see below).

Traffic on the service road. Traffic on the at-grade contour ser-
vice road serving to the upper row of cellars also unfavourably
structurally affects the sub-base and induces dynamic loads on it,
including the linings of cellars in the lower row. This applies, first
of all, to intense transport activities during the wine harvest and
grape processing, but also to irregular traffic within the framework
of “wine tourism”.

2.5 FEM model

The behaviour of the structures and the environment was model-
led simply as a 2D problem using the FEM Plaxis software, with
the aim of confirming some of the assumptions presented in the
paragraph above. The main objective was to assess the deformati-
onal behaviour of the structures. Input parameters of the models
were derived on the basis of index laboratory tests on loess (para-
graph 2.2), using readings from Table 11 of the already invalid
CSN 73 1001/1988 and, at the same time, using the know-how on
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Tab. 1 Stupen stability modelu sklepa — MKP Plaxis
Tab. 1 Degree of stability of the cellar model — FEM Plaxis

Konzistence sprase \ Poéva Neuzaviena Uzaviena
Loess consistency \ Bottom Unclosed Closed
Tuha 0,656 1,096
Stiff 0.656 1.096
Pevna 0,866 1,690
Hard 0.866 1.690
Tvrda 1,097 2,255
Solid 1.097 2.255

Plaxis. Hlavnim cilem byl odhad deformac¢niho chovani konstruk-
ci. Vstupni parametry modeli byly odvozeny na zdkladé indexo-
vych laboratornich zkousek sprase (kap.2.2) s odectenim z tab. 11
jiz neplatné CSN 73 1001/1988 a soucasné s vyuZitim znalosti
autort prispévku o mistnich charakteristikdch sprasi v JM regio-
nu. Dulezitym vysledkem modelu bylo potvrzeni predpokladu, Ze
pfi nezajisténé poc¢veé neni v zdsadé mozné povazovat subtilné
vyztuZené vyruby v daném prostredi za stabilni (Tab. 1). Pfi nevy-
zdéné pocvé sklepa a tuhé az pevné konzistenci sprase 1ze oceka-
vat zavaleni vyrubu, u sprase tvrdé konzistence se jiZ vyrub nez-
hrouti, ale vykazuje zna¢né deformace. Podobné prfi vyzdeéné
po¢vé sklepa a tuhé sprasi byly deformace vypoéteny opet
v nepfimerené hodnoté (extrémné az cca 450 mm). Lepsi stabili-
tou konstrukce disponuje v pripadé vyzdéni pocvy a pevné potaz-
mo tvrdé konzistenci spraSe. Deformace v pristropi sklepa pro
pevnou a déle tvrdou spra§ v takovém pripadé u modelu Cinily jiz
pomérné prijatelnych asi 21 mm, resp. 14 mm.

Geometrii modelu MKP a soucasné i jeden z dil¢ich vysledku
(v situaci odpovidajici vySe uvddénému zdvalu) ilustruje obr. 12.
2.6 Sanace zavalenych skiept

Zajisténi stability podlozi bylo v uvedeném piipadé provedeno
zaplnénim vzniklych dutin. Vstupni ije levého zavaleného sklepa
byla zabednéna, totéZ bylo provedeno asi 3 m od vstupni $ije pra-
vého postizeného sklepa. Prostor byl vyplnén cemento-popilkovou
suspenzi (KOPOS). Ta byla do sanovaného prostoru dopravena
Cerpadlem. Zaplnovéani bylo rozdéleno do tfi postupnych etap.
Kazdéd z nich byla oddélena kritkou technologickou prestdvkou
slouZici k eliminaci tlak od tekuté vyplné na sousedni sklepni pro-
story. Ty musely byt, s ohledem na bezpe¢nost béhem zaplnovéni
sanovanych sklepu, zajiStény vydrevou. Plnéni smési bylo ukonce-
no v urovni podlahy horniho objektu (¢dste¢né zficené lisovny
¢.53). Tim byla vytvorena plocha pro opérny systém pro podepre-
ni krovu a stropu. Jako posledni byla vypInéna dutina pod asfalto-
vou komunikaci obsluhujici horni sklepy. V pudorysu byvalych

Obr. 11 Boretice u Velkych Pavlovic — Kravi hora; zaméreni a 3D zobrazeni
&asti vinnych sklepu dokumentuje jejich mistni naprosté natésndni, nékteré
ze sklepu byly postupné a nerizené prodlouZeny az pod horni Fadu lisoven
Fig. 11 Boretice u Velkych Pavlovic — Kravi Hora. Results of survey and 3D
illustration of a part of wine cellars document the huddling of their sites in
the location. Some of the cellars were gradually and without control extended
up to under the upper row of pressing houses
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local characteristics of loess in the South Moravian region gathe-
red by the authors of this paper. An important result of the models
was the confirmation of the assumption that the thinly lined exca-
vated openings without stabilised bottoms basically cannot be
considered as stable in the particular environment (see Table I). If
the cellar bottom is not provided with a brick lining and the con-
sistency of loess is stiff to hard, it is possible to expect that the
excavated opening will collapse. If the consistency of loess is
solid, the excavation will not collapse, but it will exhibit signifi-
cant deformations. Similarly, the values deformations calculated
for a cellar with the bottom provided with the lining and for stiff
consistency were inadequate (up to about 450 mm in extreme
cases). The stability of a structure is better if the bottom is lined
and the consistency of loess is hard or even solid. In such the
cases, modelled deformations in crowns of cellars in hard and
solid loess amounted to relatively acceptable 21 mm or 14 mm.

The geometry of the FEM model and, at the same time, one of
partial results (in the situation corresponding to the above-menti-
oned collapse) is illustrated in Fig. 12.

2.6 Repairs of collapsed cellars

The stability of the sub-base was secured in this case by back-
filling of the originated caves. The entry neck of the collapsed
cellar was boarded up; the same operation was carried out about
3 m from the entry neck in the right-hand cellar affected by the
collapse. The space was filled with cement-cinder suspension
(KOPOS). The suspension was pumped to the space being repa-
ired. The backfilling process was divided into three stages. Each
of them was separated by a short technological interruption ser-
ving to eliminate pressures of the liquid backfill on the walls of
neighbouring cellars, which had to be supported by timbering
with respect to the safety during the course of the process of
backfilling the cellars being repaired. The process of backfilling
was terminated at the level of the floor of the upper building (the
partially collapsed pressing house No. 53). This process formed
a surface for erecting a system supporting the roof frame and the
ceiling. The cavity under the asphalt road serving the upper cel-
lars was backfilled in the last stage. At the same time, boreholes
for additional injection of grout into the loose collapse material
and, if necessary, backfilling of remaining smaller caverns, were
drilled within the ground plan of the former cellars. About 16 m3
of grout were used for additional grouting. All wine stored in the
collapsed cellar had to be sacrificed. There were many thousands
of litres there, as well as a valuable wine archive belonging to the
unfortunate owner.

2.7 Topographical survey of cellars
in Bofetice — Kravi Hora

One of basic problems applicable to areas with great occur-
rence of wine cellars is either total or, in the better case, only par-
tial absence of data on the topical condition. It is not reasonable
if any technical activity is carried out first of all without proper
topographical survey. This applies namely in the context of the
uncontrolled development of these locations or in cases of immi-
nent or already developed defects. From surveying points of
view, surveying of underground structures is to some extent
a special task because of the fact that the majority of survey ope-
rations deal with taking bearings of surface structures.

A topographical survey was carried out in Boretice — Kravi
Hora in the connection with collapses of cellars in 2008 and
2009. It determined spatial relationships between individual
surface buildings and cellars. Results of this survey were subse-
quently used even for the assessment of the structural condition
of affected buildings. The objective of the survey was to deter-
mine horizontal gaps between individual underground structu-
res and their depth under the ground surface, under roads and
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Obr. 12 Boretice — Kravi hora, model MKP Plaxis 2D; deformace modelu za
predpokladu neuzaviené pocévy a prostredi tuhé spraSe, vyobrazeny zdval
vyborné koresponduje s mistem vzniku skutec¢ného propadu

Fig. 12 Boretice — Kravi hora, FEM Plaxis 2D model. Deformations of the
model under the assumption that the bottom is not closed and the environ-
ment is formed by solid loess. The illustrated collapse very well corresponds
to the origination of the real collapse

sklepu byly soucasné provedeny vrty pro dodateCnou injektdZ
nakyprené hmoty zavalu a v pfipad€ potieby i vyplnéni zbyvajicich
mensich kaveren. Pro dodate¢nou injektdZ bylo pouZito cca 16 m?
smési. Veskeré vino uloZené v zavaleném sklepé tak muselo byt
obétovano. Jednalo se o mnoho tisic litrd a cenny vinny archiv
nestastného majitele.

2.7 Geodetické zaméfeni sklepii v Bofeticich — Kravi hofe

Jednim ze zésadnich problému platnych pro tzemi s velkym
vyskytem vinnych sklepti je bud naprostd, v lep§im pifpadé jen
Castend absence tdaju o jejich aktudlnim stavu. Provadét jakou-
koli technickou ¢innost neni smysluplné predev§im bez fddného
geodetického zaméreni. Plati to zejména ve spojitosti s Zivelnym
vyvojem téchto lokalit nebo v pripadech hrozicich, ¢i jiz vznik-
Iych, poruch. Z geodetického hlediska je zaméfovani podzemnich
objekta do jisté miry specidlni dlohou, to proto, Ze vétSina geode-
tickych praci se zabyvd zaméfovanim objekti povrchovych.

V souvislosti se zdvaly sklept bylo v Boreticich — Kravi hore
provadéno v letech 2008 a 2009 i geodetické zamérovéni. Byly
zjisStovany vzdjemné prostorové vztahy jednotlivych povrchovych
objektu a sklepu. Toto zaméfeni bylo posléze vyuZito i pro vyhod-
nocenf statiky postiZzenych staveb. Cilem zaméreni bylo urcit hori-
zontdlni rozestupy jednotlivjch podzemnich objekti a jejich
hloubku pod terénem, pod komunikacemi a pod budovami na
povrchu. Vzhledem k Elenitému usporddéni jednotlivych sklept je
pritom zapotiebi kompletni prostorové zaméren{ vSech stavebnich
objektu tak, aby bylo moZné vyhotovit souvislou situaci zdjmové-
ho dzemi. Polohové pfipojeni do souradnicového systému S-JTSK
bylo provedeno technologii GNSS s naviazdnim na sit' permanent-
nich stanic CZEPOS. Vyskové bylo méfeni pripojeno do systému
Bpv napojenim na body nivelaéniho poradu 3. fadu (Pae) sité
CSNS, ktery prochdzi Boteticemi. Méfeni a jeho vyhodnocenf
bylo provadéno studenty navazujictho magisterského programu
oboru geodézie a kartografie FAST VUT v Brné v ramci vyuky.

Vysledkem uvedenych cCinnosti byla vykresovd dokumentace
slouzici i jako podklad pro rozhodovani o postupu dalSich praci.
Jednim ze zpracovanych vykrest byl 3D model, ktery obsahuje
veskeré zaméfené prvky a umoznuje zjistit rozméry a vzdjemné
prostorové vztahy. Vyfez z 3D modelu je na obr. 11. Ilustruji se zde
mimo jiné sloZité prostorové vztahy nadzemnich a, to predevsim,
podzemnich objektu v nékterych ¢dstech lokality. Pro praktické
pouZziti pak slouZi Iépe vykresy pudorysu sklepu zndzormujici stan-
dardné zaméfenou situaci. DuleZité bylo zejména vyskopisné
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under surface buildings. Taking into consideration the articula-
ted configuration of individual cellars, a comprehensive spatial
survey of all structures was necessary so that a continuous lay-
out of the area of operations could be plotted. The positional
connection to the S-JTSK Uniform Trigonometric Cadastral
System was carried out using the GNSS system with connecting
it to the network of permanent stations CZEPOS. Heights were
connected to the Baltic sea elevation system after adjustment by
connecting to points of the 3rd order levelling line (Pae) of the
Czech state level network, which passes through Boretice. The
survey and its assessment was carried out by students of the
associated Master’” degree program in the field of Geodesy and
Cartography at the FAST VUT university in Brno as a part of
teaching.

The above-mentioned activities resulted in drawings serving
among others as the feedback for deciding on the advance of
subsequent work. One of the drawings prepared on the basis of
the drawings was a 3D model containing all surveyed elements
and making it possible to determine dimensions and spatial rela-
tionships. A section of the 3D model is shown in Fig. 11. It con-
tains the illustration of, among others, complicated spatial relati-
onships between surface buildings and, above all, underground
structures in some parts of the locality. Drawings of ground plans
of cellars presenting the layout surveyed in a standard way serve
better for the practical use. The level survey determining the ter-
rain configuration was especially important. It is possible to
derive gradients of slopes from it, as well as the shape of terrain
finishes, the inclines of adjacent fields etc. from it, to be used for
the determination of directions of surface water flowing off and,
for example, for designing a sewerage system which could help
to improve the unsuitable situation in the locality.

The survey of the real condition of the underground spaces
proved to be immediately useful even in the case of the cellar
which collapsed in the spring of 2009. As described above, the
pressing house No. 53 standing above the affected cellar partial-
ly fell down during the collapse. The affected cellar was survey-
ed in advance in the spring of 2008, therefore its spatial position
in respect of neighbouring underground and surface structures
was known during the subsequent damage removing operations.

Till now the survey of only approximately 15 per cent of this
complicated area has been completed.

3 LEGISLATION

The term “underground structure” is specified in the Act No.
61/1899 Coll. [1], in the provision of § 37 of the Act, where it is
stipulated in paragraph 1: “...underground structures for the pur-
pose of this Act are understood to be structures created by
mining including access parts ...”. The same paragraph continu-
es by letter b) as follows: ,,...other tunnels and galleries, if their
length exceeds 50 m...* and the paragraph even continues by let-
ter d): ,,...other spaces with the volume exceeding 1000 m?3 made
accessible to the public or used for entrepreneurial activities...*.
The construction of the above-mentioned structures come under
the field of activity of the State Bureau of Mines. In the case of
doubts whether an activity is the activity carried out in mining-
like way, it is the Czech Bureau of Mines who decides (§ 4).
Such an underground structure brings even other obligations to
its owner. It is, first of all, an obligation to maintain it in a safe
condition. Part of this obligation is also securing it against the
accumulation of harmful substances and gases and providing
safe access routes. The owner or an authorised user is obligated
to maintain the underground structure in the safe condition and
conduct inspections in prescribed terms through an organisation
established by the Mine Ambulance Service (in the SM Region
it is the Works Mine Ambulance Service operated by DIAMO,



zamereni, vystihujici vyskové pomery terénu. Lze z néj rovnéz
odvodit sklony svahu, pribéh terénnich Gprav v okoli budov, sklon
prilehlych poli atd., z ¢ehoz lze zjistit rovnéz sméry odtékani povr-
chovych vod, a tak napriklad i vyprojektovat kanalizaci, kterd by
mohla zlepsit nevhodnou situaci v lokalité.

Zaméfeni skute¢ného stavu podzemnich prostor se ukdzalo jako
okamzité prospésné i v pripadé sklepa, k jehoZ zavaleni doslo na
jafe roku 2009. Jak je jiz popsdno vySe, beéhem zdvalu doslo
k ¢dste¢nému zficeni lisovny €. 53, nachédzejici se nad postizenym
sklepem. Postizeny sklep byl zaméfen s predstihem jiZ na podzim
roku 2008, takZze pfi ndsledné sanaci vzniklych $kod bylo jiZ
zndmo jeho prostorové umisténi vzhledem k okolnim podzemnim
i povrchovym objektam.

V soucasné dobé je dokonceno zaméfeni jen pfiblizné 15 %
tohoto komplikovaného tzemi.

3 LEGISLATIVA

Termin podzemni objekt je ddn Zakonem ¢. 61/1988 Sb. [1], a to
ustanovenim § 37 zdkona, ve kterém je uvedeno v odst. 1: ,,... za
podzemni objekty se pro ucely tohoto zdkona povaZuji objekty
vytvorené razenim, a to véetné jejich pristupovych casti ...*.
TentyZ odstavec, pismeno b) uvadi ddle: ,,... ostatni tunely a Stoly,
pokud jejich délka presahuje 50 m ...* a odstavec pokracuje pis-
menem d) ,,... jiné prostory o objemu vétsim nez 1 000 m3 zpii-
stupnéné verejnosti nebo vyuZivané k podnikatelské ¢innosti ....
Tyto stavby potom spadaji do pusobnosti Stdtni barfiské spravy.
V pochybnostech, zda jde o ¢innost provadénou hornickym zpuso-
bem, rozhoduje CBU (§ 4). Takovyto podzemni objekt prindsi
svému majiteli i dal$i povinnosti. Pfedevs$im jde o povinnost udr-
Zovat jej v bezpe¢ném stavu. K tomu patfi i zaji$tén{ proti nahro-
madéni zdravi Skodlivych ldtek a plynt uvnitf a zajisténi bezped-
nych pristupovych cest. Vlastnik nebo jim pisemné povereny pro-
vozovatel je povinen udrzovat podzemni objekt v bezpecném stavu
a provadét ve stanovenych lhatdch prohlidky prostiednictvim orga-
nizace se zfizenou banskou zdachrannou sluzbou (v JM kraji:
Zavodni banskd zdchrannd stanice DIAMO, s. p. o. z., GEAM
Dolni Rozinka). Pfislusny OBU mé povinnost tyto podzemni
objekty evidovat. Soucdsti identifikacnich tdaju je podle provadé-
ci vyhlasky kromé jiného pristupna délka objektu, jeho vyskové
poméry a mapova piiloha s vyznalenim vstupu do podzemniho
objektu. Vyhldska CBU 49/2008 Sb. o pozadavcich k zajisténi bez-
pecného stavu podzemnich objektd stanovuje lhaty prohlidek
a zpusob ovéfovani bezpecného stavu. Po&itd i se zvldstnimi pro-
hlidkami, a to u naruSeného podzemniho objektu. Legislativné je
¢innost provddénd hornickym zpasobem povolovéna pfislu§nym
stavebnim tfadem a vrchni dozor pfi realizaci je provddén prislus-
nym obvodnim banskym tradem. Ve fazi povolovéani ¢innosti je
statni banskd sprava dotenym orgdnem a vyddvd stanovisko
k povolovani ¢innosti provddéné hornickym zptsobem.

U naprosté véSiny vinnych sklepa se tedy ve smyslu [1]
o podzemni objekt nejednd. Tyka se to jen jejich malé Casti — tedy
téch nejrozsdhlejsich. Prumérny vinny sklep (rozuméno prede-
v§im jeho stavba) by se mél ridit ustanovenim Stavebniho zdkona
[3]. Nejbéznéjsim typem sklepa z pohledu stavebniho je zde pod-
sklepeni budovy v rozsahu jejtho pudorysu, pfipadné v padorysu
mensim. V tomto piipadé stavba sklepa nevyzaduje dalsi opatfeni
nez ta, kterd jsou stanovena stavebnim zdkonem pro stavbu vlast-
ni budovy. Stavba je poté zaevidovana v katastru nemovitosti (viz
kap. 3.1). Jde-li o samostatny sklep, u kterého podzemni stavba
nepiesdhne 300 m? zastavéné plochy a hloubku nejvyse 3 m,
jednd se o jednoduchou stavbu a stavebnikovi sta¢i pouze ohl4Se-
ni bez predchoziho dzemniho rozhodnuti nebo izemniho souhla-
su. I v tomto pripade je vSak nutné stavebnimu tradu odevzdat
projektovou dokumentaci stavby. Co ma obsahovat, stanovuje
prislusna vyhlaska o dokumentaci staveb. Kromé jiného stavitel
prokazuje vlastnické pravo k pozemku, na kterém bude stavba
realizovana (viz nésledujici odstavec). Stavebni zdkon také nekla-
de zvlastni poZadavky na provoz takovéhoto vinného sklepa.
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s. p- o. from GEAM Dolni RoZinka). The respective Regional
Bureau of Mines is obligated to keep a record of these underg-
round structures. Part of identification data, according to
a performance decree, is among others an accessible length of
the structure, the height condition of the structure and a map
appendix with the entrance to the underground structure marked
in it. The Czech Bureau of Mines Regulation No. 49/2008 Coll.
on requirements for securing the safe condition of underground
structures prescribes terms for inspections and the method of
verifying the safe condition. It even takes into account special
inspections in the case of a damaged underground structure. In
terms of legislation, activities carried out in mining-like way are
approved by respective Building Control Department; the super-
vision during construction is conducted by the relevant Regional
Bureau of Mines. In the activity approving stage, the State
Bureau of Mines is the authorised body and issues opinions on
approvals to carry out activities in a mining-like way.

It therefore applies to the absolute majority of wine cellars
that they are not underground structures in the meaning of [1].
It applies to only a small part of them, the largest ones. An ave-
rage wine cellar (to be understood above all as its structure)
should follow stipulations of the Building Law [3]. The most
ordinary cellar type from the building point of view is a cellar
under a building following the footprint of the building or smal-
ler. In this case the construction of the cellar does not require
other measures than those which are prescribed by the Building
Law for the construction of the building itself. The building is
then registered in the Real Estate Cadastre (see Chapter 3.1).
When a detached cellar is in question, where the built-up area of
the underground structure does not exceed 300 m? and the depth
does not exceed 3 m, it is the case of a simple structure and the
announcement is sufficient for the builder, without a preceding
zoning and planning decision/approval. However, the design
has to be submitted to the building control department even in
this case. Its content is prescribed by the respective decree on
building documentation. Apart from other things, the builder
has to prove the property right over the land on which the buil-
ding is to be constructed (see the paragraph below). In addition,
the Building Law does not specify any special requirement for
the operation of such a wine cellar.

3.1 Problems of underground spaces registration

Underground structures are, to some extent, specific even as
far as their registration is concerned. Depending on its character,
the construction follows either the Building Law [3] or the Law
on mining activities, explosives and the state mining [1]. In con-
trast with buildings, completed underground structures are not
registered in the Real Estate Cadastre or only the part ending on
the surface can be plotted in the cadastral map. Therefore, with
the exception of the parts which form elements of the surface
topography, the position and overall extent of the underground
structure is not registered in the way which is prescribed for buil-
dings by the Building Law.

According to the extent and character of the underground
structure, it is possible to distinguish several cases. The most
common type of an ordinary cellar (sometime even a wine cel-
lar) is the basement of a building, covering its footprint or with
a smaller ground plan. In such the case no complications are
encountered. They can arise at other types (independent) cellars
or other underground spaces. In the case of underground spaces,
these structures must not extend under somebody else’s land. It
is however difficult to check whether this condition was obser-
ved because of the fact that ground plans of underground spaces
are not plotted in cadastral maps. A problem can originate even
later as the result of the fact that once completed, underground
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3.1 Problematika evidovani podzemnich prostor structures do not affect subsequent division of land plots. An
Podzemn{ stavby jsou do jisté miry specifické, i co se tykd jejich underground structure therefore can factually appear under
evidence. Podle svého charakteru se samotnd stavba ridi podle somebody else’s property! Nevertheless, the Building Law
Stavebniho zdkona [3], popr. podle Zdkona o hornické Cinnosti, admits an exception, where the builder does not have to docu-
vybusnindch a o stdtni banské spravé [1]. Na rozdil od pozemnich ment the ownership of the plot under which he carries out the
staveb vSak podzemni stavby po dokonceni nejsou evidovdny underground structure if it is the case of a publicly beneficial
v katastru nemovitosti, resp. mohou byt v katastralni mapé zakres- structure which is not functionally or structurally connected with
leny pouze ¢asti podzemnich prostor vyustijici na povrch. Neni zde the buildings existing on the land and has no effect on the use of
tedy evidovéno, tak jak stanovuje Katastrdlni zdkon pro nadzemni the land for which the land is dedicated.
stavby, polohové umisténi a celkovy rozsah stavby v podzemi, The current state of the procedure of registering underground
nybrZ pouze ty ¢ésti, které tvori prvky polohopisu na povrchu. structures is in some cases absolutely inadequate. This applies
Podle rozsahu a charakteru podzemnf stavby lze rozlisit nékolik most of all to detached cellars, where wine cellars are the best
pripadi. NejbéZnéjsim typem obycejného sklepa (obcas i vinného) typical examples. The fact that the cellar is not registered in the
je podsklepeni budovy v rozsahu jejtho pidorysu, piipadné real estate cadastre and therefore has no parcel index is suffici-
v pldorysu mensifm — v takovém pfipadé nenastdvaji Zadné kom- ent for the impossibility for the cellar to be quoted in purchasing
plikace. Ty mohou nastat u dalSich typd (samostatnych) sklept contracts and various documents as real estate. In terms of the
nebo ostatnich podzemnich prostor. V ptipadé podzemnich prostor | real estate cadastre, it is possible to say that such the cellar is in
se tyto stavby nesmi dostat pod cizi pozemek. Vzhledem k tomu, substance inexistent. The fact that a cellar cannot be registered
Ze se neprovadi zdkres piidorysu podzemnich prostor do katastrdl- as real estate brings additional associated complications to the
ni mapy, Ize ovSem jen obtizné kontrolovat, zda byla tato podmin- owner, for example if the owner needs a loan for reconstruction
ka dodrZena. Problém miZe nastat i dodate¢né, a to tim, Ze pod- of the cellar, he cannot use it as collateral for drawing the land
zemni stavby po jejich dokonceni nemaji vliv na ndsledné déleni mortgage loan because, in administrative terms, the structure is
parcel. Podzemni stavba se tedy pod cizim pozemkem fakticky not a real estate.
ocitnout miZe! Stavebni zdkon ovSem pfipousti i vyjimku, kdy The above-described situation could be solved if the real esta-
stavebnik nemusi doklddat vlastnictvi parcely, pod kterou provadi te registration system is changed and it is possible to maintain
podzemni stavbu, a to pokud jde o stavbu vefejné prospésnou, cadastral maps in a 3D format. On the one hand, this solution is
ktera funkéné ani konstrukéné nesouvisi se stavbami na pozemku difficult and brings many complications; on the other hand it

anemd vliv na vyuZiti pozemku, pro které je tento urcen.
Soucasny stav zpusobu evidence podzemnich staveb je v nékte-
rych pripadech zcela nedostacujici. Nejvice se to tykd samostatné
stojicich sklept, kdyZ typickym pfipadem jsou pravé sklepy vinné.
JiZ jen tim, Ze sklep neni evidovan v katastru nemovitosti a nema
tedy parcelni &islo, nemuZe figurovat v kupnich smlouvich
a ruznych listindch jako nemovitost. Z hlediska katastru nemovitos-
ti 1ze fict, Ze takovyto sklep v podstaté neexistuje. Skutenost, Ze
sklep nelze evidovat jako nemovitost, pfindsi jeho majiteli rovnéz
dalsi komplikace s tim spojené — pokud by naptiklad potfeboval
pujcku na rekonstrukci sklepa, nemuZe jej pouZit jako zdstavu pro
Cerpani hypotecniho tGvéru, protoZe se o nemovitost dfedné nejedna.
Popsand situace by se dala feSit, kdyby se zménil systém evi-
dence nemovitosti tak, Ze by bylo mozné vést katastrdlni mapu

would help to solve complicated situations, which are quite
numerous in praxis. Today we encounter situations where both
surface buildings and underground structures are found in one
location relatively often. In addition, each of these structures can
have more (underground or above ground) levels or floors and
any part or any level can belong to another owner. These pro-
blems are currently being widely discussed in professional circ-
les, especially in the context of the concept of the so-called 3D
Real Estate Cadastre.
3.2 Ventilation of underground spaces

The main criterion for the installation of ventilation is the need
for keeping the content of noxious substances in the atmosphere
under prescribed limits. This requirement has to be fully secured

v 3D formadtu. Toto feSenf{ je sice obtizné a prindsi s sebou i mnoho by the ventilation design. In the underground, it is especially
komplikaci, ale vyresily by se tim sloZité situace, kterych v praxi necessary to monitor the content of carbon dioxide, carbon
neni pravé malo. V soucasné dobé se jiz pomerné Casto setkdvame monoxide and nitrogen oxides. For underground structures
se stavem, kdy se nachdzi v jediném misté nadzemni i podzemni where local conditions can have a physical effect on the ventila-
stavby. A kazd4 z téchto staveb miZe mit soucasné i vice (pod- tion of the underground structure (e.g. a decrease in atmospheric
zemnich i nadzemnich) vyskovych trovni nebo podlazi a kazda | Pressure), it is necessary to adopt measures securing safety of
&st nebo tiroveli miiZe patfit jinému vlastnikovi. Tato problemati- | Visitors, which have to be incorporated into the operating
ka je v soucasnosti v odbornych kruzich Siroce diskutovina, a to instructions for the underground structure. This is what referen-
prave v souvislosti s koncepci tzv. 3D katastru nemovitosti. ce [1] prescribes for the construction and operation of underg-

round structures.

However, the stipulations of [1] probably cannot be applied to
common wine cellars. Nevertheless, ventilation, first of all
during the use of the wine cellar, is a serious factor, which has
been till now in praxis neglected in terms of valid regulations.
This applies first of all to the wine production season, during
which sometimes even a significant amount of harmful gases
(sulphur dioxide and carbon dioxide) develops as a result of
technological procedures (sulphurisation of tuns and, above all,
during the fermentation process). Cases of poisoning of exposed
persons, sometimes even with tragic ends, are not exceptional.

3.2 Vétrani podzemnich prostorti

Hlavnim kritériem pro zavedeni vétrdni je potfeba neprekroceni
stanoveného obsahu Skodlivin v ovzdusi. Tento poZadavek musi
v plné mife zajistit projekt vétrani. ZvIast peclivé je v podzemi
nutné zjiStovani obsahu oxidu uhli¢itého a uhelnatého a oxidl
dusiku. U podzemnich objektl, kde mistni podminky mohou mit
fyzikélni vliv na vétrdni (napr. poklesy barometrického tlaku), je
nutné prijmout opatfeni k zajisténi bezpe&nosti navstévniki a mus{
byt souddsti provozniho fddu podzemniho objektu. Tolik pro stav-
bu a provozovani podzemnich objekti stanovuje [1].

Pro bézny vinny sklep nelze vSak ustanoveni [1] patrné vyzado-
vat. Nicmén¢ vétrani, predev§im béhem pouZivani vinného sklepa,

je zdvaznym a zatim prakticky, z pohledu platnych predpist, opo- 4 CONCLUSION
mijenym faktorem. Jednd se predevsim o obdobi vyroby vina, kdy Because of the common geometrical parameters, the absolute
se pusobenim technologickych postupt (pfi zasifovani sudu a pri majority of wine cellars in Moravia probably cannot be consi-

kvasném procesu) vyviji nékdy i znaéné mnozstvi Skodlivych dered as underground structures according to the Act No.
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plynu (oxidy sifi¢ity a zejména uhlicity). Nejsou vyjimecné pripa-
dy otrav exponovanych osob, obas i s tragickym vyusténim.

4 ZAVER

Naprostou vét§inu vinnych sklepd na Moravé nelze patrné
s piihlédnutim k jejich béznym geometrickym parametrim povaZovat za
podzemni stavby podle zdkona ¢. 61/1988 Sb. [1]. Vétsina dalSich typic-
kych znaku z nich viak podle zdravého selského rozumu podzemn stav-
by ¢ini. Pruimérny vinny sklep, je tim rozuména predevsim jeho stavba,
by se mél fidit alespon ustanovenimi Zakona ¢. 183/2006 Sb. [3]. Je
vSak zcela bézné to, Ze ani zdkladni pokyny tohoto pfedpisu se nedodr-
zuji. V nékterych lokalitdch je nova stavebni ¢innost fizena zcela nedo-
stateCné, pakliZze vabec (Zzddné projektovani, ,,lidova tvorivost pri sta-
veni, jen zddné kolaudace a zbyteCné papirovani!). Vyuzivani tizem{
Casto prekratuje jeho moZnosti. Neni proto vyjimkou, Ze dochdzi
k periodickym poruchdm nebo sérifm poruch vinnych sklepu a objektu
s nimi spojenych. Pfi¢iny byvaji opet velmi podobné: ZhorSovani kvali-
ty horninového prostiedi zpusobené dlouhodobé nevhodnym vyuZivé-
nim dzemi (neni zajisté ndhodou, Ze piipady poruch lze asové nejcas-
t¢ji umistit do prechodu zimy a jara), pret€zovani povrchu dzemi
a komunikaci nad sklepy, nedostatky v ndvrhu a realizaci konstrukci,
zanedbdni jejich tdrzby etc. To nehovorime o problémech vyplyvajicich
napriklad z nedostate¢ného vétrani vinnych sklepu nebo z nedostatku
z jejich neexistujictho nebo nedostate¢ného zaméreni a evidence.

Vznik vyznamnéj§ich poruch vinnych sklepu nebo série tako-
vychto pripadd se dlouhodobé periodicky vraci. VZdy jde v téchto
pripadech o nesmirné ,,vdé¢nou* latku pro regionalni — tzn. jiho-
moravskd — vefejnd média (predev§im TV a tisk). Senzace postup-
né vySumi a v8e jde ddl stejnym zpusobem jako pred havdrii.
Odbornik v dotéenych technickych disciplindch je pfivolan
k expertnimu vyjadren{ a zadd se od n¢j okamzitd pomoc. Po Case
v8ak musi nevyhnutelné dojit k zdvéru, Ze nepiili§ prehlednd situ-
ace vSak vlastné vSem tak néjak vyhovuje (samozfejmé aZ na
havdriemi pfimo postiZené).
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61/1988 Coll. [1]. Nevertheless, according to common sense,
most of the other typical features prove that they are underg-
round structures. An average wine cellar, meaning first of all its
construction, should conform at least with the Law No.
183/2006 Coll. [3]. Unfortunately, it is absolutely common that
even the basic requirements of this regulation are not obeyed. In
some localities new building activities are controlled totally
insufficiently, if there is any control there (no designing activi-
ty, “popular art” during construction, everybody is anxious to
avoid any inspection of completed structure and unnecessary
paperwork!). The use of the area frequently exceeds its capaci-
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causes are usually again very similar: the deterioration of
ground environment quality caused by long-term improper use
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res can most frequently be put to the period of transition to win-
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above cellars, drawbacks in the design and execution of structu-
res, neglecting maintenance etc. We even do not mention pro-
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Cases of the origination of more significant failures of wine
cellars or series of such events in the long term periodically
return. In all of the cases the event becomes an extremely
“rewarding” topic for regional, i.e. South Moravian, public
media (first of all for TV and press). Sensation gradually fades
out and everything continues to proceed in the same way as befo-
re the incident. An expert in the relevant technical disciplines is
called out and is expected to provide immediate help.
Nevertheless, after some time a conclusion must inevitably be
arrived at that the not too much transparent situation is kind of
convenient for everybody (of course, with the exception of the
people directly affected by the incidents)...
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3D ZAKLADNI MAPA DALNICE - TUNEL KLIMKOVICE
3D BASIC MOTORWAY MAP - THE KLIMKOVICE TUNNEL

VILEM STREDA

uvoD

V rdmci vystavby ddlnice D 47, byly 6. kvétna 2008 dokon-
Ceny a zprovoznény tunely Klimkovice. Tématim realizace
a dokonceni stavby se vénovaly i dalsi ¢lanky. Pro pfipomenu-
ti bych v8ak uvedl nékolik zdkladnich ddajia. Délni¢ni tunely
Klimkovice jsou soucdsti ddlnice D 47 v useku Bilovec —
Ostrava. RaZend a hloubend ¢ast tubusu A je 1077 m a tubusu B
pak 1088 m dlouh4. Definitivni osténi ma svétly prifez 72 m?.
V tomto ¢ldnku bude popsdna realizace dokumentace skute¢né-
ho provedeni stavby (DSPS) ve 3D téchto tuneli. Garantem
komplexniho geodetického zpracovani dokumentace ve 3D byl
provoz geodézie a méfeni firmy Subterra, a. s. Prace na doku-
mentaci probihaly v letech 2007 az 2008. Laserscanning tunelu
provadéla firma Geodis Brno, spol. s r. 0.

PREDMET DOKUMENTACE

Predmétem dokumentace byl stavebni objekt 601 Tunel
Klimkovice v&etné provoznich soubora 611. Reditelstvi silnic
a ddlnic Brno priSlo se zajimavym pozadavkem vyhotovit
a zpracovat dokumentaci skute¢ného provedeni stavby tunell
Klimkovice pro zdkladni mapu ddlnice ve 3D. ProtoZe s timto
feSenim komplexniho zpracovdni dokumentace tuneld nebyly
jesté v CR 74dné relevantni zkuSenosti, rozhodli jsme se vytvo-
tit Pilotni projekt zpracovdvdni DSPS tunelu ddlnicéniho typu ve
3D. Prace byly rozdéleny do tfi zakladnich etap.

Etapa I. Pii prubéZzném dokon&ovéni stavebnich praci byly
zaméfovany klasickymi geodetickymi metodami pozdéji skryté
stavebni konstrukce a technologie, vnitfni vybaveni v kolek-
torech, kabelové Sachty a kabelové komory. Déle téZ dodatecné
montdZe technologii a oblast predportéli na brnénské i ostrav-
ské strané.

Etapa II. Pomoci metody pozemniho laserového scanovani
byla zaméfena definitivni obezdivka tunelu, ziskand bodova
mracna byla pripojena do statniho souradnicového systému S —
JTSK a statniho vySkového systému Bpv a nakonec byl vytvo-
fen 3D drdtovy model tuneld.

Etapa III. Zpracovani dat, modelovani stavebnich a techno-
logickych ¢asti a kabeldze a jejich vizualizace.

ETAPA |. GEODETICKE PRACE

Klasickymi geodetickymi metodami byly méfeny predevsim
skryté stavebni konstrukce a technologie, vnitfni vybaveni
v kolektoru, kabelovych Sachtich a kabelové chodbé, dodatec-
né montdze technologii po provedeni laserscanningu a oblast
predportdli na brnénské i ostravské strané.

Bodové pole

Pro méfeni dokumentace skute¢ného provedeni stavby byla
vyuzita podrobnd vytyCovaci sit tunelu (PVS) méfend firmou
Angermeier Engineers, s. . 0. Tato sit'byla v pfedportéli nava-
zédna na body 4083, 4088, 4090, 4091, 4102, 4105, 4108, 4204,
4206, 4207 a 4209 ze zdkladni vytyCovaci site celé stavby 4707
— zhotovitel GEOS, Opava

Souradnicovy systém: S-JTSK

Vyskovy systém: Bpv

INTRODUCTION

The 6th May 2008 saw the completion and inauguration of the
Klimkovice tunnel tubes, which were part of the D47 motorway
construction project. Topics dealing with the realisation and com-
pletion of the construction were published even in other papers. To
bring the information back to mind, I would like to present some
basic data. The twin-tube Klimkovice motorway tunnel is part of
the D47 motorway section between Bilovec and Ostrava. The
mined and cut-and-cover parts of tubes A and B are 1,077 m and
1,088 m long, respectively. The net cross-sectional area of the tun-
nel in the final lining is 72 m2.

This paper describes the work on 3D as-built design docu-
ments for these tunnel tubes.

The contractor for the comprehensive preparation of 3D docu-
ments, as far as surveying is concerned, was the Survey and mea-
surements department of Subterra a. s. The work on the docu-
ments was carried out from 2007 to 2008.

The laser scanning of the tunnels was performed by Geodis
Brno spol. sr. 0.

SUBJECT OF THE DOCUMENTATION

The subject of the documentation was the construction lot 601,
the Klimkovice Tunnel, including operating units 611.

The Roads and Motorways Directorate, Brno, brought an inter-
esting requirement to the table for the preparation and processing
of the As-built design documents for the Klimkovice tunnels to be
incorporated into the 3D basic motorway map. Because of the fact
that there was no relevant experience in the Czech Republic with
this solution for comprehensive preparation of tunnel construction
documents, we decided to develop the “Pilot design for the prepa-
ration of as-built documents for motorway-type tunnels in 3D”.

The operations were divided into the following three basic
stages:

Stage I Classical surveying methods were used during the con-
tinuous process of finishing construction work items for docu-
menting the subsequently covered structures and technologies, the
inner equipment in utility ducts, cable shafts and cable chambers,
as well as additional installations of equipment and the pre-portal
areas on the Brno and Ostrava sides.

Stage II The Ground Laser Scanning method was applied to
surveying of the final tunnel lining. The point clouds obtained by
the survey were connected to the state system of coordinates, the
Uniform trigonometric cadastral S — JTSK and to the Baltic
Vertical Datum - after Adjustment. Finally a 3D wireframe model
of the tunnels was created.

Stage III Processing of data, modelling of civils and technolo-
gical parts and cable lines; preparing their visualisation

STAGE I: SURVEYING

Classical surveying methods were applied first of all to structu-
res and equipment to be subsequently covered, inner equipment in
utility ducts, cable shafts and the cable corridor, equipment instal-
led additionally after the completion of the laser scanning as well
as the pre-portal areas on the Brno and Ostrava sides.
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Pouzité mérické pristroje

Totdlni stanice Leica TCRM 1205 a TCRM 1203 s pres-
nostmi oveéfenymi akreditovanou laboratofi, a to = 1,0 mgon
resp. + 1,5 mgon pro méfeni sméra a 1 mm + 1,5 ppm pro mére-
ni vzdélenosti, s prislu§enstvim.

Prace v terénu

Nasim tkolem bylo zaméfeni konstrukei a technologif, které
v prubéhu dokonfovéni dila zakryje navazujici vystavba
a konstrukce a nebude mozné je naskenovat pomoci laserscan-
neru. Zamérit vnitini vybaveni stavebnich objektd, v nichZ
nebude probihat laserscanning — predev§im se jednalo
o drendze, rozvody tlakové vody, vzduchotechnicky kandl,
elektroSachty v chodnicich, protahovaci krabice v osténi, zem-
nici pasky a nosné konstrukce technologii. Diky vyborné spo-
lupréci s firmou Eltodo EG, a. s., dodavatelem technologif do
klimkovickych tunelu, jsme ziskdvali aktudlni ddaje a pa-
rametry uloZenych technologif a kabela. Déle bylo nasim dko-
lem zaméfit oblast predportdli na brnénské a ostravské strané.

Rozsah méfeni:

— na brnénském portéle (SOS hldska, opeérné zdi),

— na ostravské strané (kabelové chodby k prostupu do obj.

PTO),

— v kolektoru po vstup do 1. pp trafostanice.

Prevdzna Cast zaméreni byla uskute¢néna tachymetricky, pro-
storovou polarni metodou, pomoci elektronické totaln{ stanice
Leica. Méfeni probihala z pomocnych volnych stanovisek,
jejichz soufadnice byly uréeny protindnim zpét na body PVS.
Takto bylo zaméfeno celkem 6821 podrobnych bodu.
Namérené udaje byly registrovany do interni paméti totalnf sta-
nice a vestavénym vypoletnim softwarem prepoéitiny do
systému S-JTSK a Bpv. Tyto soufadnice byly ndsledn¢ prene-
seny pomoci programu Leica Geo Office Tools do PC.

M¢éfeni bylo zahdjeno jiz v prabéhu vystavby, pred zakrytim
technologii v 02/2007. Ukon¢eno bylo v 05/2008.

ETAPA Il. LASERSCANNING

Dodavatelem zaméfeni viditelnych prvki stavebni &asti
i technologii pomoci laserscanningu byla firma Geodis, s. r. 0.,
divize fotogrammetrie. Laserscanning byl proveden v levé
a pravé tunelové roufe a v chodbach tunelovych spojek.

Méreni v terénu a poloha stanovisek laserového skeneru

K méfeni byl pouzit panoramaticky fazovy laserovy skener
némecké spolecnosti Zoller&Frohlich Imager 5006. Méfeni
probéhlo v jednom tydnu 19.-22. 1. 2008 misto pldnovanych
dvou tydnt, kdy béhem péti dvandctihodinovych pracovnich
dnu bylo ve dvou lidech velmi husté naskenovdno 2450 m tune-
lovych tubusu a tunelovych spojek, v rastru 1 mm na 1 mm.
Transformace mrafen bodi do zvolenych soufadnicovych
systéma byla zajisténa pomoci geodeticky (totdlni stanici)
zaméfenych vlicovacich boda, které byly béhem méfeni vhod-
né rozmistovdny v dosahu skeneru.

Béhem skenovdni byl laserovy skener umistén na stativu,
ktery byl pfipevnén na specidlnim pojizdném voziku. Celkem
bylo provedeno méreni na 149 stanoviskach skeneru — 59 sta-
novisek v tunelovém tubusu A, 58 stanovisek v tunelovém
tubusu B a 32 stanovisek v péti tunelovych spojkédch. Primérnd
vzdalenost mezi sousednimi stanovisky skeneru byla 15 m.
Soucasné se skenovdnim byla pofizovdna fotodokumentace
objektu digitdlni zrcadlovkou Nikon D200 s rozliSenim CCD
matice 10,2 Mpx. Tato kamera byla umisténa na laserovém ske-
neru a zkalibrovdna s projekénim centrem skeneru, aby bylo
mozné v pripadé potfeby vyuzit obrazovou informaci pri mode-
lovani tunelu.

Minor control

The detailed setting out net developed by Angermeier Engineers
s.r.o. for the tunnel was used for surveying for the as-built docu-
mentation of the structures. This net was connected in the pre-por-
tal area to points No. 4083, 4088, 4090, 4091, 4102, 4105, 4108,
4204, 4206, 4207 and 4209 of the basic setting out net for the enti-
re construction package 4707, which was developed by GEOS
Opava.

Co-ordinate system: Uniform Trigonometric Cadastral
(S-JTSK)

Vertical datum: Baltic Vertical Datum — after Adjustment

Survey instruments used

Leica TCRM 1205 and TCRM 1203 total stations (with acces-
sories) with the accuracy values verified by an accredited labora-
tory, namely + 1.0 mgon or + 1.5 mgon for bearings and Imm +
1.5 ppm for distances.

Field operations

Our task was to survey the structures and equipment which
would be covered during the finishing of works by the subsequent
construction and it would be impossible to scan them with the
Laser Scanner. The survey was to cover the internal equipment of
structures which would not be subjected to laser scanning, first of
all drains, pressure water pipelines, the ventilation duct, cable
shafts in walkways, conduit junction boxes embedded in the
lining, earth strips and equipment bearing structures. Owing to
excellent collaboration with Eltodo EG, a. s., supplying technolo-
gies for the Klimkovice tunnels, we gained topical data and para-
meters of the equipment and cables installed. In addition, our task
was to survey the pre-portal areas on the Brno and Ostrava sides.

The scope of the survey:

- at the Brno portal (emergency call station, retaining walls)

- on the Ostrava side (cable corridors leading to an opening to

the services building)
- inside the utility duct up to the entrance to the transformer sta-
tion on the 1st basement floor

The major part of the survey was carried out tacheometrically,
using the spatial polar method, by means of a Leica electronic total
station. The survey was conducted by means of observation from
auxiliary free stations. Their co-ordinates were determined by
resection to points of the detailed setting out net. This method was
applied to surveying of the total of 6,821 detailed points. The mea-
sured data was stored in the internal memory of the total station,
to be recalculated by the built-in calculation software into the
Uniform Trigonometric Cadastral S — JTSK and the Baltic Vertical
Datum - after Adjustment systems. These co-ordinates were sub-
sequently transferred to a PC using the Leica Geo Office Tools
software.

The survey operations started during the course of the tunnel
construction in February 2007, before the equipment was covered.
They were finished in May 2008.

STAGE Il LASER SCANNING

The contractor for taking the bearings of visible elements of the
civils and equipment by means of laser scanning was Geodis s.r.o.,
the Photogrammetry Division. The laser scanning was carried out in
both the left-hand and right-hand tunnel tubes and in cross passages.

Field measurements and positions of the laser scanner
stations

The survey was conducted using Imager 5006, a panoramic
phase-shift laser scanner manufactured by Germany-based
Zoller&Frohlich GmbH. The survey took one week, from 19th to
22nd January 2008, instead of the planned two weeks. Two surve-
yors scanned 2,450 metres of tunnel tubes and cross passages




Pouzity laserovy skener

Zoller + Frohlich GmbH
Imager 5006

Vyrobce:
Model:
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Laser scanner used

Zoller + Frohlich GmbH
Imager 5006

Manufacturer:
Model:

Zdkladni technické parametry skeneru:

Typ skeneru polarni skenovani systém s fazovym
dalkomérem

Vinova délka dalkoméru 79m

Minimalni délka im

Pfesnost méreni <1mm do vzdalenosti 25 metrd

RozliSeni délkového méreni 0,1 mm

Rychlost méfeni cca 500 000 bodu/s

Vinova délka laseru viditelné ¢ervené svétlo

Divergence svazku paprskd 0,22 mrad

Trida laserového paprsku 3R (ISO EN 60825-1)
Zorné pole horizontalni: 360°
vertikalni: 310°

Skener Z&F IMAGERS5006 je konstrukéné skenovaci
systém s fazovym ddlkomérem. Vzddlenost laserového paprs-
ku nenf méfena pomoci méfeni Casovych pulzt jako u pulznich
skeneru, ale je ziskdna sklddanim vIn odeslaného a prijatého
vinéni. Touto metodou nelze dosdhnout tak velké vzdalenosti
jako u pulznich skeneru, dosahuje se ale nékolikrat vySsi pres-
nosti pfi méfeni, a proto neni potfeba provadét vicendsobné
skenovéani. S ohledem na mens$i méfené vzdélenosti a po-
trebnou vyS$$i presnost a vetsi rozliSeni detailt tunelt bylo na
tuto zakdzku velmi vhodné pouZiti tohoto skeneru.

ETAPA Iil. ZPRACOVANI NAMERENYCH DAT

Béhem skenovéni bylo celkem porizeno na 30,4 GB suro-
vych dat, coZ jsou mraéna boda a fotodokumentace z kamery
umisténa na skeneru.

Spojeni a transformace mracen

Pro zpracovdni meéfeni byl pouzit software Z&F Laser
Control, ve kterém byla pro-
vadéna nezbytnd automaticka
¢i poloautomaticka filtrace
a klasifikace vSech méfenych
bodi od Sumovych bodu
a bodu, u kterych se pomoci
kvalitnéji preskenovanych
a geodeticky zaméfenych
vlicovacich bodd poé&itala
transformace mracen z lo-
kélniho do geodetického sou-
fadnicového systému. Byla
pouZzita shodnostni transfor-
mace. Vysledné smérodatné
odchylky transformaci mracen
na zamérené vlicovaci body se
pohybuji v rozmezi 1-3 mm!
(tato hodnota poukazuje na
vnitfni presnost transformaci
bodu na vlicovaci body, ne
vSak celkovou presnost v ur-
¢eni polohy kazdého bodu).
Z tohoto vyborného parametru
presnosti lze vycist velmi kva-
litni skenovaci price, a také

Obr. 1 Axonometrické pohledy a detaily
Fig. 1 Axonometric views and details

Basic technical parameters of the scanner:

Scanner type polar scanning system with a phase
shift distance meter

Distance meter wavelength 79m

Minimum length im

Measurement precision <1mm up to the distance of 25 metres

Distance measurement
discrimination

Measurement rate ca 500,000 points/s
Laser wavelength visible red light
Divergence of the beam of rays 0.22 mrad
Laser beam class 3R (ISO EN 60825-1)
Field of view - horizontal: 360°

- vertical: 310°

0.1 mm

during the course of 5 twelve-hour working days, in a dense 1 mm
x 1 mm grid. The transformation of the point clouds into the selec-
ted co-ordinate systems was ensured by means of control points
(surveyed by a total station), which were suitably placed during
the survey within the reach of the scanner.

During the course of the scanning work, the laser scanner was
installed on a tripod, which was mounted on a special movable
carriage. The measurements were conducted on 149 scanner stati-
ons in total; of that number 59 stations were inside the tunnel tube
A, 58 stations were in tunnel tube B and 32 stations were in cross
passages. The average distance between neighbouring scanner sta-
tions was 15 m. Pictures of the structure were taken concurrently
with the scanning, using a Nikon D200 digital SLR camera with
the CCD matrix definition of 10.2 Mpx. This camera was moun-
ted on the laser scanner and was calibrated with the scanner pro-
jection centre so that pictorial information could be used if requi-
red while modelling the tunnel.
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velmi dobfe odvedenou praci geodety Subterra, a. s., pfi zame-
fovéni vlicovacich bodua.

Export a vektorizace bodovych mracen

Bodova mraéna byla po transformaci prevedena do formatu
ASCII a nésledné nactena do prostfedi MicrostationV8 pomo-
ci MDL aplikace Terrascan a Terrascan Viewer, aby byla ulo-
Zena ve formdatu Terrascan BIN.

Vektorizace byla provedena v 3D grafickém prostredi
Microstation V8 standardnimi modela¢nimi ndstroji Micro-
stationu. Prdce na vektorizaci tunelu byla rozdélena na C&tyfi
samostatné vykresy tykajici se vzdy jen urcitého typu kon-
struknich prvka, jsou to &dsti Stavebni, Technologie, Vo-
dovod, Znaceni. V kazdém z téchto vykresu se vektorizovaly
prvky predem domluvené s inZenyry firmy Subterra, a. s.

ODEVZDANA DATA

Zpracovani tunelt bylo rozdéleno do péti ¢asti a vzdy ode-
vzdéno podle domluveného harmonogramu. Firmé Subterra,
a. s., byly preddny k dal§imu zpracovani zdvére¢né digitdlni
vykresy:

tunel_klimkovice_STAVEBNI.dgn

tunel_klimkovice_ TECHNOLOGIE.dgn

tunel_klimkovice_VODOVOD.dgn

tunel_klimkovice_ZNACENI.dgn

Dokumentace skute¢ného provedeni stavby byla zpracovana
v grafickém programu MicroStation V8.1 od firmy Bentley.
MicroStation V8.1 je softwarovd platforma, kterd umoznuje
vytvaret modely v prostfedi 2D i 3D a jejich ndslednou edita-
ci, vizualizaci ¢i propojeni s databdzi Oracle 8i (pfimo nebo
pomoci ODBC) a Access 2000 (pomoci ODBC).

Vykreslovani dokumentace probihalo v tésné navaznosti na
provddéni geodetickych praci v terénu, predev§im laserscan-
ning. Vektorova data z vyhodnocenf laserscanneru byla firmou
Geodis doddvdna prubézné. Béhem pul roku tak byly vymode-
lovény stavebni a technologické ¢4sti. V dalSich mésicich byla
ukoncena prace na natazeni kabeldZze do modelu a ddle probi-
haly prace na vizualizaci.

Pro zpracovéni byla zvolena struktura déleni dat do nékoli-
ka vykresu:

— tunel_body — obsahuje pevné bodové pole (PVS) a pod-

robné body,

— tunel_stavebni — obsahuje stavebni ¢ast tunelu, betonové

konstrukce, asfaltové plochy,

Obr. 2 Detaily propojky
Fig. 2 Cross passage details

TuNel

In terms of the structure, the Z&F IMAGERS5006 scanner is
a scanning system with a phase shift distance meter. The distance
of points from the laser station is not measured by means of mea-
suring time impulses as it is in the case of pulse-based scanners.
The distance is obtained by interfering the emitted and received
waves. This method does not allow reaching such the long distan-
ces as it is in the case of pulse-based scanners, but the accuracy
which is achieved by the measurement is several times higher, the-
refore it is not necessary to carry out multiple scanning. The use
of this particular scanner was very reasonable with respect to
smaller distances to be measured and the need for higher accura-
cy and higher resolution of tunnel details required by the contract.

STAGE Il PROCESSING OF MEASURED DATA

Up to 30.4 GB of unprocessed data, i.e. point clouds and photos
provided by the camera mounted on the scanner, was provided
during the scanning operation.

Joining and transforming the clouds

The Z&F LaserControl software was used for processing of the
measurements. The software performed required automatic or
semi-automatic filtration and classification of all measured points
from noise points and calculated the transformation of clouds from
the local co-ordinate system into the co-ordinate system developed
by the survey, by means of higher-quality re-scanned and survey-
ed control points. The consistency transformation was used.
Resultant standard deviations of the transformations of clouds into
the surveyed control points vary between 1 — 3 mm! (this value
shows the internal accuracy of the transformation of the points
into the control points, but does not show the overall accuracy in
the determination of the position of each point). The above-menti-
oned excellent accuracy parameter is the proof of the high quality
of the scanning work and the very good work on surveying the
control points performed by Subtera a. s. surveyors.

Export and vectorisation of point clouds

After the transformation, the point clouds were converted to the
ASCII format and subsequently were read-in to the MicrostationV8
environment by means of Terrascan and Terrascan Viewer MDL
applications, to be downloaded in the Terrascan BIN format.

The vectorisation was carried out in the MicrostationV8 3D
graphic environment using standard Microstation modelling tools.
The tunnel vectorisation was distributed among four independent
drawings, each dealing with a particular type of structural ele-
ments, namely CIVILS, EQUIPMENT, WATER PIPELINE,
MARKING. The elements which were vectorised in each of the
drawings were agreed in advance by Subterra
a. s. technical staff.

SUBMITTED DATA

The results of the operations were divided into
5 parts; each of them was handed over in compli-
ance with the approved schedule. The following
final digital drawings were submitted to Subterra
a. s. for subsequent processing:
Klimkovice_tunnel_CIVILS.dgn
Klimkovice_tunnel EQUIPMENT.dgn
Klimkovice_tunnel_WATER_ PIPELINE.dgn
Klimkovice_tunnel MARKING.dgn

The as-built documents were carried out using
the MicroStation V8.1 graphic software develo-
ped by Bentley. The MicroStation V8.1 is
a software platform making the creation of
models in both 2D and 3D environments possible,
as well as their subsequent editing, visualising or
interconnecting them with the Oracle 8i database




Obr. 3 Vizualizace — ostravské predportdli
Fig. 3 Visualisation — the Ostrava-side pre-portal area

— tunel_technologie — obsahuje vystrojeni tunelu nosnymi
konstrukcemi a technologickym zafizenim,

— tunel_znaceni — obsahuje dopravni informaéni systém,
vodorovné a svislé znaceni,

— tunel_vodovod — obsahuje rozvod tlakové vody v tunelu
a predportali,

— tunel_kabely — obsahuje prubéh kabeldZze k jednotlivym
technologickym prvkum.

Od zhotovitele laserscanningu byly prevzaty vysledky ske-
novani ve formé vektorizovanych modelu vyhotovenych
v prislusnych vykresech systému MicroStation. Naskenovano
a zvektorizovéno bylo predevs§im osténi v tunelovych rouréch,
propojkach a viditelné technologie.

Ve formdtu MicroStation byly zpracovany ndmi zaméfené
souradnice. Standardnimi modela¢nimi prostfedky a postupy
grafického prostfedi MicroStation byly vyhotoveny drdtové
modely v8ech konstrukef a prvku, natazena kabeldZ, vyhotove-
ny popisy a provedena jejich vizualizace. Obvykle ma kazdy
prvek, kabel, konstrukce nebo technologie az tfi vrstvy:

— dratovy model — cdrovd kresba obsahuje pouze prvky

LINE, ARC, BSPLINE,

— vizualizace — vykresleni vSech viditelnych ploch, obsahu-
je prvky ELIPSE, SURFACE, SHAPE, SOLID, BSPLINE
SURFACE,

— text — popisy prvki podle normy RSD, obsahuje pouze
TEXT.

Zpracovani dat a vyhotoveni konetné dokumentace

s vizualizaci ve 3D pak trvalo zhruba 24 tydnu.

PRINOS RESENI

Jiz v prubéhu zpracovdvani 3D dokumentace jsme se zaby-
vali otazkou, jak dédle vyuzit tak obrovsky soubor informaci,
jako jsou informace o tunelu, uloZené technologie a vedle toho
stohy dokumenta s provozni dokumentaci tunelu (bezpe&nost-
ni dokumentace, tunelovd kniha, dopravni fad, provozni fad,
fad mimorddného rezimu). Pfipadlo ndm logické, soustredit
vSechny souvisejici informace do jednoho tloZisté pristupného
komukoli.

Data vyuZivaji rizné skupiny uZivateld napfi¢ profesemi.
Proto by bylo vhodné integrovat digitdlni projektovou doku-
mentaci, geoprostorovou slozku a inteligentni 3D modely.
Nejen specialisté raznorodych oboru, ale také technidti pra-
covnici potfebuji bezpedny piistup k aktudlnim datum, kterd je
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(directly or using the ODBC) and the Access
2000 database (using the ODBC).

Drawings were plotted in close relationship
with the execution of field surveying, first of all
the laser scanning. The vector data obtained
from the assessment of the laser scanner was
continuously submitted by Geodis. Modelling of
the civils and equipment parts was completed
during a half of a year. The work on downloa-
ding the cable installations into the model was
finished during the following months and the
work on the visualisation proceeded.

The following structure, dividing the data into
several drawings, was chosen for processing of
the data:

— tunnel points — it contains fixed minor con-
trol points (a fixed setting out net) and detai-
led points

— tunnel_civils — it contains the civil enginee-
ring part of the tunnel, concrete structures,
bituminous surfaces

— tunnel_equipment — it contains equipment bearing structures
and equipment

— tunnel_marking — it contains the traffic information system,
road markings and signing

— tunnel_water_pipeline — it contains pressure water lines insi-
de the tunnel and in the pre-portal areas

— tunnel_cables — it contains cable lines to individual items of
the tunnel equipment

The laser scanning contractor submitted the results of scanning
in the form of vectorised models executed in respective drawings
of the MicroStation system. The main subject of the scanning and
vectorising was the lining in tunnel tubes, cross passages and the
visible equipment.

The co-ordinates determined by our survey were processed in
the MicroStation format.

Wireframe models of all structures and elements were produced,
cables were drawn, descriptions were prepared and their visuali-
sation was carried out using standard modelling tools and proce-
dures available in the MicroStation graphic environment.

It is usual that each element, cable, structure or piece of equip-
ment has up to three layers:

—a wireframe model — a line drawing consisting only of the

LINE, ARC and BSPLINE elements

— visualisation — plotting of all visible surfaces; it comprises the
ELIPSE, SURFACE, SHAPE, SOLID and SPLINE SURFA-
CE elements

— text — descriptions of elements according requirements of the
Road and Motorway Directorate; it contains only TEXT

The processing of data and preparation of the final documenta-
tion including the 3D visualisation took approximately 24 weeks..

THE BENEFIT OF THE SOLUTION

It was as early as the work on the 3D documentation that we dis-
cussed the question how such the huge set of information (such as
the information about the tunnel, the equipment installed in it) as
well as piles of documents comprising the Operating Documents
for the tunnel (safety documentation, tunnelling log book, traffic
order, operating instructions, emergency regime order) can be furt-
her exploited. It seemed to us logical that all related information
should be concentrated in one storing place, which would be ava-
ilable for anybody.

The data is exploited by various groups of users across profes-
sions. It would be therefore reasonable if the digital design docu-
mentation, the geo-spatial component and intelligent 3D models
are integrated. Not only specialists from various branches but also
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Obr. 4 Vizualizace portilu
Fig. 4 Portal visualisation

nutné sdilet se spolupracovniky, externimi organizacemi,
urady statni spravy nebo obchodnimi partnery.

V ramci spoluprace s firmou Sitewell je pfipraveno nové,
moderni feSeni, které bude pomoci souc¢asné webové technolo-
gie takovd data prezentovat v atraktivni podob¢ z libovolného
webového prohlizefe, a vyuZivat naplno préci projektantu
z navrhovych aplikaci (Microstation, AutoCAD Civil nebo
specializované CAD/MEP aplikace). Ziskavame tak moznost
zpristupnit 3D data spole¢né se souvisejicimi popisnymi infor-
macemi komukoli bez specidlniho softwaru feSeni vytvorenim
nového provozné-technického informacniho systému tuneld.

ZAVER

Dokumentace skute¢ného provedeni stavby tuneld Klim-
kovice byla investorovi preddna ve verzi 3D. Bylo vytvoreno
dilo, které splnuje podminky poZadavku moderni geoinfor-
macni technologie 21. stoleti a nabizi informace a vyuzivani
geodat Sirokému okruhu uZivateld. Podafilo se splnit poZada-
vek investora, RSD Brno, zpracovat kompletni dokumentaci
skute¢ného provedeni stavby tuneli Klimkovice véetné veske-
rych uloZenych technologii v tfidimenziondlnim provedeni
(3D). Je to prvni a zatim jedind realizace komplexniho zpraco-
vani dokumentace skute¢ného provedeni stavby tunelu dalnic-
niho typu ve 3D v Ceské republice.

Ze toto dilo vzbudilo zdjem odborné vefejnosti, svédei
i ocenéni 2. mistem v soutézi vypsané Komorou geodetu
a kartografi a Ceskym dfadem zeméméfickym a katastralnim
o Technické dilo roku 2008 v oboru inZenyrskd geodezie
a kartografie.

VILEM STIéEDA, vstreda@subterra.cz,
SUBTERRA, a. s.

Recenzoval: Ing. Karel Kiemen
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technical staff need a safe access to topical data, which must be
shared with co-workers, external organisations, public offices or
business partners.

A new, modern solution has been prepared in collaboration with
Sitewell, s. r. 0. It will present such data in an active form from any
web explorer and will fully use the work of designers performed
using design applications (Microstation, AutoCAD Civil or speci-
alised 01 CAD/MEP application). In this way we have the oppor-
tunity to make 3D data available jointly with related descriptive
information to anybody without special software by means of the
development of a new operating — technical information system
for tunnels.

CONCLUSION

The as-built documentation for the Klimkovice tunnels was sub-
mitted to the project owner in a 3D version. The work which was
accomplished meets requirements for state-of-the-art geoinformati-
on technologies of the 21st century. It offers information and the
exploitation of geodata to a wide circle of users. The requirement of
the project owner, the Road and Motorway Directorate, Brno, to
carry out comprehensive as-built documentation for the Klimkovice
tunnels, including all installed technologies, in a three-dimensional
form (3D) was successfully complied with. It is the first and till now
the only realisation of comprehensive as-built documentation of
a motorway tunnel structure in 3D in the Czech Republic.

The fact that this work has stirred interest among the technical
public has been proved by the 2nd place awarded to it in the com-
petition organised by the Chamber of Surveyors and Carto-
graphers and the Czech Office for Surveying, Mapping and
Cadastre, for Technical Work of the Year 2008 in the field of engi-
neering geodesy and cartography.
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TUNEL BLANKA - DEN OTEVRENYCH DVERI 15. 10. 2011
BLANKA TUNNEL - OPEN DAY 15 OCTOBER 2011

Obr. 1 Prohlidkovd trasa vedla tubusy hloubenych tunelu v ulici Milady
Horakové

Fig. 1 Guided tour led through the cut-and-cover tunnels under Milady
Hordkové street

7 - 3
Obr. 3 Na Prasném mosté byly k vidéni hloubené tunely v ruznych tirovnich
rozestavénosti
Fig. 3 Cut-and-cover tunnels at various levels of construction progress were
visible at Prasny most

g
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Obr. 5 Diky ochrannym prilbdm pripominaly obéas fady diviku Cervenou
Feku...
Fig. 5 Thanks to the protective helmets, the visitors sometimes looked like a red
river...

Obr. 2 Ndvstévnikum byli opét k dispozici ochotni privodci
Fig. 2 Qualified guides were once again available for visitors

Obr. 4 Trasa provedla ndvstévniky i raZenym tisekem Brusnice
Fig. 4 The route led visitors to Brusnice driven section as well

Fig. 6 The construction was also viewed by the first deputy mayor of Prague,
Ing. Karel Brezina

FOTO: JOSEF HUSAK
PHOTO COURTESY OF JOSEF HUSAK
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FOTOREPORTAZ ZE STAVBY PRODLOUZENI TRASY V.A
PRAZSKEHO METRA

PICTURE REPORT FROM THE CONSTRUCTION
OF THE PRAGUE METRO LINE V.A EXTENSION

Obr. 1 Stit Adéla pied protaZenim stanici (foto Tatar) Obr. 2 Cesta stitu Tonda po protaZeni stanici (foto Husdk)
Fig. 1 Adéla shield prior to pulling through the station (photo courtesy of Tatar) Fig. 2 Path of Tonda shield after pulling through the station (photo courtesy
of Husdk)

— "

Obr. 3 PrordZka $titu Adéla (vlevo) do stanice Petriny 19.9. 2011 (foto Husdk) Obr. 4 Prunik technologii NRTM a EPBS ve stanici (foto Tatar)
Fig. 3 Breakthrough of Adéla shield (left) into PetFiny station, 19 September Fig. 4 Intersection of NATM and EPBS technologies within a station (photo
2011 (photo courtesy of Husdk) courtesy of Tatar)

Obr. 6 Stit Tonda na cesté do stanice Veleslavin — zahdjent tipadnich razeb
Obr. 5 Priprava Stitu Tonda a Adéla pred protaZenim stanici (foto Husdk) (foto Tatar)
Fig. 5 Preparation of Tonda and Adéla shields prior to pulling through the Fig. 6 Tonda shield on the way to Veleslavin station — commencement with
station (photo courtesy of Husdk) descending driving (photo courtesy of Tatar)
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ARCADIS Geotechnika a.s. (dfive Stavebni geologie — Geotechnika, a.s.) je s jiz 85 letou
tradici nejvétsi a nejstarsi geotechnickou konzultaéni spoleénosti v Ceské republice.
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ZE SVETA PODZEMNICH STAVEB / THE WORLD OF UNDERGROUND CONSTRUCTIONS

CVICNY ZASAH HBZS NA STAVBE PRODLOUZENI TRASY V.A PRAZSKEHO METRA
MAIN MINE RESCUE STATION (MMRS) INTERVENTION DRILL ON THE PRAGUE METRO

EXTENSION V.A CONSTRUCTION SITE

Zéchranar (Rescuer), a quarterly journal published by the Main
Mine Rescue Station (MMRS), published in its issue No. 3/2001
a report on the MMRS’s intervention drill on the Prague metro exten-
sion V.A construction site. The intervention was carried out on the
night from 2nd to 3rd July in the mined running tunnel at the Vypich
site. The intervention drill scenario consisted of releasing an “injured
person” from the hyperbaric chamber of an Earth Pressure Balance
Shield (EPBS) and transporting him from the front end of the shield to
the surface via the previously completed tunnel section, to a shaft and
further, in a cage, up the shaft. The most difficult part of the interven-
tion was the transport of the dummy injured person on the evacuation
stretcher through the shield. In the constricted space, rescuers had vir-
tually to hand the stretcher one to the other. This was the reason why
overcoming a horizontal distance of 90m took 13 minutes.

The drill was undoubtedly beneficial. A worksite accident can-
not be excluded even though driving tunnels by means of an EPBS
is safer, compared with conventional tunnelling techniques.

NEKOLIK NOVINEK ZE SVETA

DRUHA TROUBA TUNELU BOSRUCK PRORAZENA

Po 17 mésicich razeb probihajicich z obou portélu byla 11. srpna
2011 prorazena druhd trouba tunelu Bosruck na dédlnici A9
v Rakousku, jehoz délka je 5,5 km. Geotechnické podminky byly
stejné obtizné jako u prvni trouby, o coZ se zaslouZily predev§im
bobtnavé horniny, ale celkovy pokrok pfi pouzivani NRTM od dob,
kdy byla razena prvni trouba, se vyrazné projevil v postupu razby.

Zahdjeni provozu v druhé tunelové troubé se planuje na rok 2013,
pak bude uzaviena prvni trouba, kterd projde rozsdhlou rekonstrukci.
Plny provoz obou trub by mel byt zahdjen v roce 2015. Z hlediska bez-
pe¢nosti provozu bude tunel vybaven péti nouzovymi zdlivy
a jedendcti propojkami, z nichZ 6 je uréeno pro pesi a 5 je prujezdnych.

PRVNI PRORAZKA NA BRENNERSKEM BAZOVEM TUNELU

Nejde samoziejmé o prordzku na budoucim hlavnim Zelezni¢nim
tunelu, nicméné na rakouské strané u méstecka Wolf bei Steinach byly
rozestaveny tii tunely. Pristupovy tunel Wolf a dva tunely, které budou
slouZit pouze pro staveniStni dopravu, Padaster a Saxener. Jejich hlav-
nim posldnim je sniZit z4t€Z okolnich obyvatel hlukem a sniZit dopad
na zivotni prostredi. Pravé tunel Padaster dlouhy 690 byl po razbé
probihajici z obou portéla po 11 tydnech prorazen 24. ervna 2011.

VELKE ZAKAZKY FIRMY STRABAG

Italskd pobocka firmy Strabag v konsorciu s dalsi italskou firmou
ziskala zakdzku na projekt a stavbu 11 km silnice mezi Grossetem
a Sienou v Toskédnsku. Soucdsti je Sest tunelt, z nichZ nejdel3i je
1,5 km. Nejvétsi most na trase ma pilite vysoké 95 m a délku 900 m.

Také v Kanadé ziskal Strabag po dokoneni razeb na 10 km dlou-
hém tunelu pod Niagarskymi vodopady dalsi vyznamnou zakazku.
V oblasti Toronta bude stavét 15 km dlouhy kanalizaéni sbéra¢. Razen
bude étyfmi TBM o pruméru 3,6 m od firmy Caterpilar Tunnelling
Canada Corporation (dfive Lovat).

REKORDNI TUNELOVACI STROJ PRO TUNEL ORLOVSKY
V PETROHRADE

V produkci tunelovacich stroju firmy Herrenknecht dojde
k velkému skoku z hlediska priméru stroje. Uastnici exkurze

Ctvrtletnik Hlavni bafiské zdchranné sluzby (HBZS) Zdchrandr
uverejnil ve svém &isle 3/2011 zpravu o cviéném zdsahu HBZS
Praha na stavbé prodlouzeni trasy V.A prazského metra. Zdsah byl
uskuteénén v noci z 2. na 3. Cervna 2011 v razeném tratovém tune-
Iu na stavenisti Vypich. Scéndrem cvi¢ného zdsahu bylo vyproste-
ni ,,zranéného* z pretlakové komory zeminového Stitu (EPBS),
jeho transport z Cela Stitu vyraZzenym tunelem do Sachty a Sachtou
na lané na povrch. Nejobtiznéjsi ¢asti zdsahu byl transport figuran-
ta na evakuacnich nositkdch Stitem. Ve stisnéném prostoru si
zachrandfi museli nositka poddvat prakticky z ruky do ruky, a proto
jim prekonani vodorovné vzdélenosti 90 m trvalo 13 minut.

Cvileni bylo jisté prospésné. I kdyz razba zeminovym §titem je

ni vyloucit neda.

ING. MILOSLAV NOVOTN Y, novotny@metrostav.cz,
sekretdr CzTA ITA-AITES

CzTA vidéli v fijnu roku 2010 v tovarné firmy ve Schwanau mon-
taz tehdy nejvétsiho Stitu na svété, ktery mél pramér 15,55 m
a byl urcen pro tunel Sparvo v Itdlii. V letoSnim roce objednala
petrohradskd spolecnost u firmy Herrenknecht vyrobu Stitu
(Mixshield) pro razbu automobilového tunelu délky cca 1 km pod
fekou Névou. Tunel md umoznit lepsi spojeni dvou &asti mésta
rozdéleného fekou.

Stit bude mit primér 19,25 m a béhem hodiny provozu bude scho-
pen vytéZit 600 m> horniny. Pro firmu Herrenknecht je to nejvétsi
jednotliva objednédvka v jeji historii. Razba §titem by méla byt zaha-
jena zacdtkem roku 2013 a zahdjeni provozu v tunelu je pldnovdno
na rok 2016.

GOTTHARDSKY BAZOVY TUNEL BY MOHL BYT UVEDEN
DO PROVOZU V ROCE 2016

Detailni analyza ukdzala, Ze gotthardsky bazovy tunel mozna
bude otevien v prosinci roku 2016, coZ by znamenalo jednoroéni
predstih pied dfive uvazovanym terminem. Otdzkou zustdvd, zda
bude mozno ihned dosahnout predpokladané kapacity, tj. 7 vlaka
za jednu hodinu v jednom sméru. ZileZet bude na postupu praci
na bazovém tunelu Ceneri a na prijezdovych trasich na jihu
a severu.

PRVNI LINKA PODZEMNI DRAHY V PANAME

Prvni podzemni drdha ve Stfedni Americe se stavi ve més-
té Panama. Z délky 13,7 km bude v podzemi asi 7 km. Tunely
budou razeny dvémi $tity EPBS o pruméru 9,73 m. Pri prileZitosti
dokonceni tovarni montdze prvniho S$titu navstivil 23. srpna 2011
zdavod firmy Herrenknecht ve Schwanau i prezident Panamy
Ricardo Martinelli Berrocal. Stity budou do Panamy dodany v fijnu
a listopadu roku 2011.

ING. MILOSLAV NOVOTNY, sekretdr CzTA ITA-AITES

Pramen: Geomechanics and Tunnelling ¢. 5/2011, rocnik 4
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ZPRAVY Z TUNELARSKYCH KONFERENCI / NEWS FROM TUNNELLING CONFERENCES

60. GEOMECHANICKE KOLOKVIUM, SALZBURG 6.-8. RIJNA 2011
60TH GEOMECHANICS COLLOQUIUM, SALZBURG, 6-8 OCTOBER 2011

The paper is on the course of the sixtieth geomechanics collo-
quium, which took place from 6 to 7 October in Salzburg. The
professional part of the colloquium always had a high level and
was split into four thematic areas:

e benefit of geotechnical measurements

e prevention of extraordinary events and lessons learnt

e tunnelling method selection criteria

* modern large underground structures

On Saturday 8 October 2011, an excursion took place to the
largest current underground construction in Austria — at the
underground pumped storage power station, Reisseck II, which
is located in Carinthia, above the Moll river valley near the town
of Kolbnitz, around 25 km from Spital am Drau.

Uctyhodné, jiz $edesété geomechanické kolokvium se konalo
jako obvykle v Salcburku od &tvrtka 6. do soboty 8. fijna 2011.
Ctvrtek a patek byly vénovany prednaskam v salcburském kon-
gresovém centru, v sobotu nasledovala pro nevelkou skupinu pri-
hldSenych osob exkurze na nejvétsi soucasnou podzemni stavbu
v Rakousku — na podzemni precerpaci elektrarnu Reisseck II,
kterd se nachdzi v Korutanech nad udolim feky M6l u méstecka
Kolbnitz asi 25 km od Spitalu am Drau. Shodou okolnosti tuto
stavbu o 10 dna dffve navstivili d¢astnici odborného zdjezdu
CzTA ITA-AITES, o ¢emzZ informujeme na jiném misté.

Kolokvium zahdjil predseda Rakouské geomechanické spole¢-
nosti (OGG) prof. Wulf Schubert z TU Graz. Pfipomnél kulaté
vyro&i kolokvia, narist &lent OGG i zvySovani poétu téastnikl
kolokvia za posledni dekddu. Ten v poslednich Sesti letech koli-
sd mezi priblizné 800 k 1000 tcastnikam (kolem tisice osob se
zucastnuje v letech, kdy kolokviu predchdzi ve stredu rakousky
tuneldrsky den Tuneltag). Jeho perioda je dvouletd a bude opet
v pristim roce.

Prof. Schubert pak pfipomnél vyznamného geologa prof. Ernes-
ta H. Weisse, ktery zemrel v roce 2010 a kterého oznadil za geo-
logického genia. Pfednasku k jeho pocté a k pripomenuti jeho dila
pak prednesl R. Gerstner.

Odborna &ést kolokvia méla jako vzdy vysokou troven a byla
rozdé€lena do &tyt tematickych okruhu:

e piinos geotechnickych méfeni,

e predchazeni mimoradnym uddlostem a z nich ziskand pouceni.

Po skonceni této sekce se ve Ctvrtek v odpolednich hodindch
konala panelovd diskuse na téma: Systémovd rizika v priibéhu
projektovdnit, stavby a provozu jako zdroj/zdrodek nehod?

V patek pokracovaly prednasky dal$imi okruhy:

e kritéria pro vybér tunelovaci metody,

¢ soucasné velké podzemni stavby.

V jednotlivych sekcich zaznély nésledujici prednasky:

Pfinos geotechnickych méfeni

Soucasny stav vyhodnocovédni a interpretace dat ziskanych
z monitoringu deformaci tunelt (Wulf Schubert, Bernd Moritz)

Sledovdni chovdni systému horninovy masiv — konstrukce se
pFi stavbé tunelii provddi obecné v mnoha zemich. AvSak mnoh-
dy ohromny potencidl geotechnického monitoringu a jeho vyhod-
nocovdni se nevyuZije. V prispévku jsou i na konkrétnich prikla-
dech ukdzdny bezné dneSni vyhodnocovaci metody, rozdily a
Jjejich pFinosy.

Casovy ramec a souvislosti ziskdvani méfenych dat — zdmér
a skute¢nost (Herbert Walter, Christian Kitzler)

Prispévek popisuje tri priklady monitoringu a uvddi jejich

prednosti a nedostatky. Ukazuje duleZitost véasného zahdjeni
mérent, jeho dostatecné cCetnosti i potrebu dlouhodobéjsitho sle-
dovdni dokoncenych konstrukct.

Geotechnicky monitoring provozovaného tunelu podzemni
drahy v Turiné umisténého pod nové budovanym Zelezni¢nim
tunelem (Giovanni Barla, Marco Alessio, Francesco Antolini,
Marco Barla, Matteo Gilardi)

Prispévek se zabyvd programem monitoringu pri budovdni
nového Zelezni¢niho tunelu, jehoZ trasa kriZi provozovanou linku
metra 1, kterd se nachdzi pod budovanym tunelem.

Provadeéni observaénich metod pfi razbé tunelovacimi stroji —
stavby H3-4 a H8 v dolni ¢asti idoli Innu (Ulrich Maidl, Manfred
Kohler, Klaus Schretter)

Mezi roky 2007 a 2009 pracovali v dolni ¢dsti iidoli Innu
u Radfeldu a Jenbachu dva §tity firmy Herrenknecht. Prispévek
uvddi zkuSenosti z provddéni monitoringu na této stavbe
a vyvozuje z nich zdvery jak efektivné a ekonomicky provddet
monitoring pri razbé Stity v nesoudrinych zemindch.

Geotechnicky monitoring jako kli¢ovy prvek zajisténi bezpec-
nosti pod nestabilni skalni sténou u Diirnsteinu v ddoli Wachau
(Martin Miillegger, Gerold Lenz, Hans J. Laimer)

Prispévek se zabyval opatrenimi, kterd bylo nutné provést po
skalnim ziiceni, ke kterému doslo zacdtkem cervence 2009 blizko
malebného méstecka Diirnstein v dunajském tidoli Wachau. Byla
zavalena Zelezni¢ni tratr’ a nekteré balvany dopadly aZ na silnici B3
na brehu Dunaje. Objem zriceného skalniho materidlu byl nejméné
11 000 m3 a nejvetsi skalni blok mél priblizne 1 000 m3.

Vyhodnocovani a interpretace dat ziskanych z monitoringu
v pruzkumném tunelu EKT Paierdorf (Thomas Pilgerstorfer,
Nedin Radoncié¢, Bernd Moritz, Andreas Goricki)

V rdmci prizkumnych praci pro stavbu 32,9 km dlouhého
Koralmtunelu byl vyraZen 8 km dlouhy prizkumny tunel. Jeho
ticelem bylo ziskat iidaje o horninovém masivu a hlavné o tzv.
lavanttalské poruchové zoné, kterou bude hlavni tunel prochdzet
v délce asi 450 m.

PFedchazeni mimofadnym udalostem
a z nich ziskana pouceni

Poucili jsme se z nestésti v mastkovém dole Lassing? (Alfred
Maier)

Prispevek uvaZuje o dostatecnosti a kompetentnosti opatreni
pro predchdzeni a zvldddni mimorddnych uddlosti (havarijni
pldny apod.). Vychdzi pritom z mimorddné uddlosti, ke které
doslo na zminéném dole 17. 7. 1998.

Poznatky ziskané ze sesuvu pudy u Gschliefgrabenu —
Rakousko (Rainer Poisel, Robert Hofmann, Alesander Preh,
Thomas Sausgruber, Michael Schiffer)

Predmétem prispévku byl sesuv pudy vietné skalni suté
0 objemu 3,5 aZ 5 mil. m?, ke kterému doslo nedaleko Gmundenu
u obce Gschliefgraben leZici na biehu jezera.

ZkuSenosti z hloubeni Sachty v Athabasca Basin a geotechnické
poznatky pro budouci Sachty (James F. Hatley, Rashid Bashir)

Athabasca Basin se rozprostird na severu Saskatchewanu a na
severozdpade Alberty v Kanadé. Z geologického hlediska je tvo-
Fen komplexem sedimentdrnich hornin, ¢asto znacné narusenych
a zvodnelych. Hloubeni Sachty v hornindch s velkymi pritoky vody
pod tlakem aZ 5 MPa prindselo velké problémy.

Tunelovani v obtiznych podminkdch v Himadlaji (Johann

Golser, Edward A Button)
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Geotechnické zajiStovani bezpecného tunelovani — ucinnd 2,6 a 2,9 km dlouhé a tvori je dvojice jednokolejnych tunelii. Na

cesta k sniZenf rizik (Bernd Moritz, Josef Koinig, Georg-Michael zdkladé pruzkumii a analyz bylo rozhodnuto, Ze v zaddvaci doku-
Vavrovsky) mentaci jednoho z tunelii budou uvedeny obée metody a rozhod-
Pres intenzivni geotechnické prizkumy vidy zistdavaji urcité nuti prinese vyhodnoceni soutéZe.
nejistoty o chovdni horninového masivu. Na to je nutné myslet pri Vybér tunelovaci metody pro novy semmeringsky bdzovy
projektovani, ale také véas a kvalifikované reagovat v priibéhu tunel (Zafer Ekici, Christoph Riiegg, Nicole Wilfinger, Oliver
razby. Proto rakouské spolkové drdhy (OBB) uplatiiuji systema- K. Wagner, Johannes Weigl)
ticky od roku 2000 program geotechnického zajiStovdni/rizeni Prispévek se zabyvd pripravovanym novym bdzovym tunelem
bezpecnosti tunelovdni. v Semeringu, jeho pldnovand délka je 27,3 km.
Kritéria pro vybér tunelovaci metody Soudasné velké podzemni stavby
Charakteristiky a moZnosti NATM, ADECO-RS a mechanizo- Piederpdvaci vodni elektrdrna Reisseck II v Korutanech
vaného tunelovdni (Matthias Flora, Walter Purrer, Kondrad (Manfred Freitag, Markus Larcher, Andreas Hager)
Bergmeister) Pozn.: redakce casopisu Tunel doufd, Ze o této vyznamné stav-
Pfl'spevvekporgvndva’ a charakterizuje tri hlavni soucasné tune- bé uveiejni v roce 2012 &ldnek prislibeny Ing. Manfredem
lovaci metody. Cerpd pFitom ze zdvéru workshopu, ktery se konal Freitagem z firmy Verbund Hydro Power AG.

v rdmci BrennerCongressu 2011 za ucasti vybranych expertu Tunel cisafe Viléma — mechanizované tunelovdni na samych

z ltdlie, Rakouska a Svycarska. hranicich zku$enosti (Bodo Tauch, Dieter Handke, Marco Reith)
Tunel Pummersdorf — rizikova analyza pro vybér vhodné tune-

lovaci metody (Dietmar Bach, Reinhold Hodl, Johann Lemmerer,
Alois Vigl)

Pldanovany Zeleznicni tunel délky asi 3,5 km se bude nachdzet
pobliZ St. Polten a je navrien jako dvojkolejny. Z pruzkumii
a z analyzy vyplynulo, Ze z technického hlediska jsou obé uvazo-
vané metody — NATM a EPBS rovnocenné. Cenové porovndni
ukdzalo, Ze metoda EPBS vychdzi drdZe, avsSak rozdil byl
v mezich konkurencniho trzniho prostredi. I proto se investor roz-
hodl zaradit do zaddvaci dokumentace obé metody. Doufd, Ze
soutéZ mezi NRTM a EPBS povede ke sniZeni ceny tunelu.

Nékteré priklady vybéru tunelovaci metody (Markus Spiegl,
Eckart Schneider)

Prispévek na trech prikladech (Brennersky bdzovy tunel, druhd
trouba tunelu Bosruck a Zeleznicni tunel v udoli Innu, ¢dst H4)
ukazuje rozdilné postupy, které byly pouZity pri hleddni nejvhod-
nejsi tunelovaci metody.

Vybér tunelovacich metod na gotthardském bdzovém tunelu
(Heinz Ehrbar, Alex Sala, Raphael Wick)

Na prikladu mimorddné tunelové stavby prispévek ukazuje, Ze
pri volbé tunelovaci metody nejsou geotechnické podminky
vylucnym kritériem. V tivahu se musi brdt rada dalSich vietné
poZadavki na ochranu prirody a Zivotniho prostredi, moZnosti
zridit pristupy k mezilehlym mistium na trase vhodnym pro zahd-
jent raZeb apod.

Kritéria pro vybér tunelovaci metody na prikladu prvni a druhé
trouby tunelu Pfinder (Max John, Gerhard Pilser)

V létech 1974-1975 byly raZeny prizkumné Stoly pomoci dvou
TBM (Robbins pr. 3,65 m a Wirth pr. 3,60 m) z obou portdlii prvni
trouby. Ze severu bylo vyrazeno 2,1 km a z jihu 4,65 km. V tendru
byly uvedeny dveé moziné metody — TBM a NRTM. Na zdklade
nabidek vybral investor pro tento silnicni tunel délky 6,7 km
metodu NRTM, kterou byl tunel proveden v letech 1977 aZ 1979.

Pro stavbu druhé tunelové trouby byla provedena rada porov-
ndni, na zdklade kterych bylo doporuceno, aby v zaddvaci doku-
mentaci byly opét pripusteny obe metody. Investor Asfinag toto
doporucent prijal s tim, Ze NRTM oznacil za zdkladni a TBM jako
druhou plné rovnocennou. Z Sesti nabidek, které prijal, dvé e o .
nabidly pouze TBM a jedna NRTM, ve dvou dalsich, které nabid- a pod viastnim Londynem ji tvorlv dvojice tunelu d.elky 21 kam. Je.
Iy 0bé metody, byla cena z NRTM niZsi nez cena z TBM. NejniZsi popsdn ndvrh raZeb metodou stiikaného betonu i tunelovacimi

Stary dvoukolejny tunel cisare Viléma délky 4,2 km se nachdzi
v Nemecku pobliZ reky Mosely. Byl ddn do provozu v roce 1879,
a proto vyZaduje zdsadni rekonstrukci i z hlediska bezpecnosti.
Ukdzalo se jako nutné v prvni fdzi rekonstrukce vybudovat sou-
bézny jednokolejny tunel. Jako tunelovaci stroj byl vybrdn stit
schopny pracovat v otevieném a uzavieném mddu, pripadné
v polootevieném mddu s pouZitim stlaceného vzduchu. Prispevek
se zabyvd kritérii pouZitelnymi v kritickych situacich pri razbé na
rozhrani otevieného nebo uzavieného modu.

Tunel Himmelreich na obchvatu Hasmannstitten — od pru-
zkumné kaloty k tunelu s dokonéenym osténim (Norbert Rei-
chard, Jiirgen Voringer, Michael Rappold)

Zminény obchvat nedaleko Gratzu md délku 2,3 km a jeho sou-
castt je 1,045 km dlouhy tunel Himmelreich. Nejprve se v roce
2005 az 2006 vyrazila od zdpadniho portdlu 740 m dlouhd pru-
zkumnd $tola v kaloté, kterd slouZila také k odvodnéni masivu.
Vlastni razba véetné ndslednych praci probihd od roku 2010.

Meéstsky tunel v Waidhofenu nad Ybbsem — obtize vyplyvajici
z tunelovani v sesuvném tzemi (creeping soil) pfi nizkém nadlo-
z{ (Markus Brunner, Ernst Enengl)

Stavba méstského tunelu ve Waidhofenu musela projit sesuv-
nym uzemim. Projekt s tim pocital, nicméné skutecnost byla
nepriznivejSi a v priibéhu stavby bylo nutné zvolit dodatecnd
opatrent, kterd umoznila situaci zvlddnout.

TBM razba hlavniho privadéle k precerpaci vodni elektrarné
Nant de Drance (Markus Weh, Francois Bertholet)

Celkem 5,6 km dlouhy privadéc pro PVE Nant de Drance ve
Svycarsku byl razen pomoci TBM o priiméru 9,45 m. Nepiiznivé
geotechnické podminky zastiZené pri razbé vcetné neocekdvané
vysokych pritoki vody pod tlakem az 42 barii vedly k Fadé preru-
Seni raZeb, a tim ke zpoZdeéni oproti casovym predpokladiim.
Musel byt provdden velky rozsah injektdzi pred i za razici hlavou.
Prispévek popisu ndvrh a provddeni injektdZi i jejich efekt pro
zlepSeni podminek razby.

Crossrail — projekt a provadéni (Chris Dulake)

Nejvetsi soucasny stavebni projekt v Evropé, Crossrail, je novd
118 km dlouhd Zeleznicni tratr. Smeruje od vychodu na zdpad

nabidka byla na razbu TBM (0 3,8 % nizsi ne nejblizsi nabidka stroji, systém opatreni pro zmenSeni deformaci a smluvni rdmec
NRTM). Asfinag pro raZbu vybral metodu TBM. hlavni stavebni zakdzky.
Tunely Granitztal — rozhodovaci proces pri vybéru tunelovaci Sbornik prispévk
metody (Hanns Wagner, Gerald Zwittnig, Josef Daller, Alfred Sbornik prispévku z 60. Geomechanického kolokvia tvori &islo
Fasching) 5/2011 ¢asopisu OGG Geomechanik und Tunnelbau/Geomecha-
Tunely Granitztal navazuji na tunel Koralm na trati mezi nics and Tunnelling. Casopis vychazi v némecko-anglické muta-
Gratzem a Klagenfurtem. RaZené Cdsti téchto dvou tunelii jsou ci a je jednim z nejlepsich periodik v oboru podzemnich staveb.
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61. Geomechanické kolokvium

61. Geomechanické kolokvium se bude konat v Salcburku 11.
a 12. fijna 2012. Jeho hlavni téma je 50 let NRTM a jednotlivé
sekce budou zaméreny na:

* Rozvoj NRTM

* Aspekty mechaniky hornin u vodnich elektraren

e Modely pro pronikani, lepivost a opotfebovani ndstroju

TUNELARSKE ODPOLEDNE 3/2011
TUNNELLERS' AFTERNOON 3/2011

TuouHel

e Jakd je rozumnd cena za bezpe&nostni opatieni?

Ve stfedu 8. fijna 2012 predchazi kolokviu opét po dvou letech
rakousky Tuneltag, jehoz poradatelem je Rakouskd tuneldfska
asociace ITA-AITES.

ING. MILOSLAV NOVOTNY, ita-aites @metrostav.cz,
sekretdr CzTA ITA-AITES

The topic for the third tunnelling afternoon
in 2011 (TA 3/2011), which are half-day semi-
nars organised every quarter by the Czech
Tunnelling Association ITA-AITES, was the
secondary lining in tunnels and the Kra-
lovopolské tunnels in Brno where assembly of
technological equipment and other finishing
works are currently taking place.

The event took place in Brno and its pro-
gramme included a morning excursion to the
construction of the Kralovopolské tunnels.
Around 40 people took part, going through
both tunnel pipes and the technology centre in
two groups (fig. 1). The knowledgeable lectu-
re about construction was presented by staff of
Brnénské komunikace a.s., and one of two
groups was led by the technical director,

N 2w

Ing. Josef Lunacek (fig. 2).

Tématem tietiho tuneldfského odpoledne
v roce 2011 (TO 3/2011), coZ jsou puldenni
semindfe porddané kazdé &tvrtleti Ceskou tuneldfskou asociaci
ITA-AITES, byly sekunddrni osténi tuneli a brnénské Krélo-
vopolské tunely. V téch probihaji montdze technologického vybave-
ni a dalsi dokoncujici prace.

Obr. 2 Technicky reditel Brnénskych komunikaci, a. s., Ing. Josef Lundcek
pri vykladu (foto: doc. Ing. V. Hordk)

Fig. 2 Technical director of Brnénské komunikace, a.s., Ing. Josef Luridcéek
giving the lecture (photo courtesy of doc. Ing. V. Hordk)

Obr. 1 Spolecné foto ucastniku exkurze (foto: doc. Ing. V. Hordk)
Fig. 1 Group photo of excursion participants (photo courtesy of doc. Ing. V. Hordk)

Akce se konala v Brn€ a v jejim programu byla i dopoledni exkur-
ze na stavbu Krélovopolskych tunelti. T¢ se zicastnilo asi 40 osob,
které si ve dvou skupindch proSly obé tunelové trouby i tech-
nologické centrum (obr. 1). Zasvéceny vyklad o stavbé podali pra-
covnici a. s. Brnénské komunikace, jednu ze dvou skupin vedl tech-
nicky reditel Ing. Josef Lunacek (obr. 2).

Hlavni podil na pfipravé TO 3/2011 mél doc. Ing. Vladislav
Horék, CSc. z Fakulty stavebni VUT v Brn¢, Veveri 95, kde se kona-
ly odpoledni prednasky.

Obr. 3 Prvni tfi predndSejici Ing. L. Kurc, Ing. R. Krempasky a Ing.
V. Dohnalek odpovidaji na dotazy ii¢astniku (foto: doc. Ing. V. Hordk)

Fig. 3 The first three speakers, Ing. L. Kurc, Ing. R. Krempasky and
Ing. V. Dohndlek, answer participants’ questions (photo courtesy of doc. Ing.

V. Hordk)
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Prvni ze Sesti predndsek se zabyvala navrhovanim sekundar-
niho osténi Kralovopolskych tunelt a prednesl ji Ing. Lukds
Kurc z firmy Amberg Engeneering Brno, a. s. Tématem druhé
byla realizace sekundarniho osténi v tunelu I a prednesl ji
Ing. Jaroslav Krempasky ze spole¢nosti OHL ZS Brno, a. s.

Obdobné téma, ale zamérené na realizaci sekundarniho oste-
ni v tunelu II, zaznélo v predndSce pracovnika a. s. Subterra
Ing. Stanislava Kotoucka.

Po prestavce byl program zaméfen jiZ obecné na sekundarni
osténi tunelt. Nejprve promluvil Ing. Michal Sedld¢ek, Ph.D.,
z firmy KO-KA, s. r. 0., na téma Definitivni osténi podzemnich
staveb z hlediska betonare. Doc. Dr. Ing. Jan Pruska z CVUT
Praha se zaméfil na pouZiti strikaného betonu pro definitivni
osténi tunelu s dirazem na metodu LaserShell, kterd byla vyvi-
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nuta ve Velké Britdnii po havdrii raZenych tunelu na leti§ti
Heathrow v roce 1994. Spoluautorem prednasky byl
doc. Ing. Matous Hilar, Ph.D.

Posledni a velmi zajimavou prednasku prezentoval Ing. Petr
Cikrle, Ph.D. (FAST VUT v Brné). Hovofil o novych trendech ve
zkouSeni betonu v konstrukci. Upozornil, Ze pokrok v tech-
nologii betonu a pouZivdni betonu s vy$§imi pevnostmi je nutné
respektovat také pri zkouSeni betonu v konstrukcich. Proto bylo
vyvinuto pro zkouSeni betonu plné integrované elektronické kla-
divko Silver Schmidt.

Prezentace prednesené na TO 3/11 lze vyhledat na www.ita-
aites.cz

ING. MILOSLAV NOVOTNY, ita-aites@metrostav.cz, sekretdr
CzTA ITA-AITES

ODBORNY SEMINAR: NOVE TECHNICKE PREDPISY A ICH VYUZITIE PRI NAVRHOVANI

A VYSTAVBE DIALNICNYCH TUNELOV

PROFESSIONAL SEMINAR: NEW TECHNICAL REGULATIONS AND THEIR USAGE WHEN DESIGNING

AND BUILDING MOTORWAY TUNNELS

On 27 September 2011, a professional seminar with the name
“New technical regulations and their usage when designing and
building motorway tunnels” took place in Bratislava. The seminar
was organised by the Slovak tunnelling association with the sup-
port of the National Motorway Association and the Presidium of
the Fire Protection and Rescue Service.

The main theme of the seminar was the presentation of two new
technical regulations and their usage in upcoming competitions
for motorway sections with tunnels. The new technical regulations
are processed in the form of technical conditions and are focused
on fire safety and ventilation of road tunnels.

A related topic was the use of the two regulations for the pro-
curement of motorways according to contractual conditions of the
so-called FIDIC Yellow Book.

Dna 27. septembra 2011 sa v Bratislave konal odborny seminar
pod ndzvom Nové technické predpisy a ich vyuZitie pri navrhova-
ni a vystavbe dialhi¢nych tunelov. Semindr zorganizovala
Slovenskd tuneldrska asocidcia s podporou Narodnej dialnicne;j
spolo¢nosti a Prezidia hasi¢ského a zachranného zboru.

Podujatie svojim programom nadvidzovalo na semindr venova-
ny bezpecnosti cestnych tunelov, ktory sa konal v juini roku 2009.
Klicovym bodom semindra bola dohoda o vytvoreni pracovnych
skupin, ktorych tulohou malo byt revidovanie existujicich
a vytvorenie novych technickych predpisov tykajicich sa

g

Obr. 1 Predsednictvo semindra tvorené zdstupcami STA, NDS a Prezidia HaZZ
Fig. 1 Presidency of the seminar was made up of representatives of STA, NDS
and the Presidium of the Fire Protection and Rescue Service

prevadzkovej bezpecnosti cestnych a dialhicnych tunelov. Koor-
dindciou cinnosti pracovnych skupin, vytvorenych zo zastupcov
Ministerstva dopravy, Ministerstva vnitra — Prezidia HaZZ,
NDS, projektovych organizacii a Specialistov na dant problematiku,
vratane odbornikov zo zahranicia, bola poverena Slovenska tunelar-
ska asocidcia. V priebehu rokov 2010 a 2011 boli spracované dva
nové technické predpisy vo forme technickych podmienok, ktoré su
venované protipoziarnej bezpecnosti a vetraniu cestnych tunelov.

Hlavnou témou tohtoro¢ného semindra bola prezentacia oboch
novych technickych predpisov a ich pouZitie v pripravovanych
sutaziach na dialni¢né dseky s tunelmi. Sdvisiacou témou bolo
pouzitie oboch predpisov pri obstardvaniach dialnic podla zmluv-
nych podmienok tzv. Zltej knihy medzindrodnej federacie konzul-
taénych inZinierov FIDIC. KedZe oba predpisy stvisia s bez-
pecnostou prevadzky tunelov, svoje skisenosti z prevadzkova-
nych tunelov ndm predstavili zastupcovia Hasi¢ského a zach-
ranného zboru.

V prvom bloku semindra Ing. Jan Dekanek zo spolo¢nosti
Apolloprojekt ako hlavny autor prezentoval nové znenie technic-
kych podmienok ProtipoZiarna bezpecnost cestnych tunelov.
Kpt. Jan Jochman z okresného riaditelstva HaZZ Levoca oboznd-
mil pritomnych so skiisenostami zo zdsahov hasi¢ov pri mimoriad-
nych udalostiach, ku ktorym doslo v tuneli Branisko v predoslom
obdobi. Npor. Martin Blaha z HaZU Bratislava v svojom vystiipe-
ni analyzoval poznatky z koordinacného cvicenia zachrannych zlo-
ziek, ktoré sa uskutocnilo v auguste tohto roku v tuneli Sitina.
Obaja zastupcovia hasi¢ov v svojich prispevkoch formulovali aj
ndmety a odporucenia na ndvrh vybavenia dialni¢nych tunelov.

V druhom bloku semindra predstavil nezavisly expert na vetra-
nie dr. Alexander Rudolf z Nemecka ako hlavny autor znenie tech-
nickych podmienok Vetranie cestnych tunelov. V nadvizujicom
prispevku sa Dipl. Ing. Petr Pospisil zo spolo¢nosti Gruner ststre-
dil na poziarne vetranie v cestnych tuneloch. Ako poslednd na
semindri vystipila investi¢na riaditelka Narodnej dialni¢nej spo-
lo¢nosti Ing. Viktéria Chomovd s prispevkom o PouZiti zmluvnych
podmienok Zltej knihy FIDIC pri pldnovanej vystavbe dialnicnych
tisekov s tunelmi.

Semindr sa konal v priestoroch hotela Holiday Inn v Bratislave
a ziicastnilo sa ho takmer 90 t&astnikov zo Slovenska a z Ceskej
republiky, zastupujicich najmi Stdtne organizicie, stavebné spo-
lo¢nosti a projektové firmy.

ING. MILOSLAV FRANKOVSKY
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MEZINARODNI KONFERENCE AFTES ,UNDERGROUND SPACE FOR TOMOROW"
AFTES INTERNATIONAL CONFERENCE “UNDERGROUND SPACE FOR TOMORROW"

On 17 to 19 October 2011, the traditional international conference of
the French tunnelling company AFTES, the national branch of ITA-
AITES, took place in Lyon, France.

The conference takes place every three years. It is co-organised by the
Spanish, Portuguese, Swiss, Italian and Belgian national branches of the
international tunnelling association, ITA-AITES. With the number of
foreign participants from 40 countries, the selected themes — among
other trans-European connections — and an extensive exhibition of
almost 200 exhibitors gave it a truly European dimension.

Ve dnech 17. az 19. fijna 2011 se konala ve francouzském Lyonu tra-
di¢ni mezindrodni konference francouzské tuneldrské spolecnosti
AFTES, ndrodni pobocky ITA-AITES.

Konference se kond kazdé tfi roky. Je spoluorganizovana $panélskou,
portugalskou, Svycarskou, italskou a belgickou ndrodni pobockou mezi-
ndrodn{ tuneldrské asociace ITA-AITES.

Konference, kterd se kond kazdé tfi roky, méla tradiéné vysokou
odbornou droven. MnoZstvim zahrani¢nich d¢astniku ze 40 zemi, vole-
nd témata — mezi jinymi transevropska spojeni a rozsahld vystava témer
200 vystavovatelt ji dodaly skute¢né evropsky rozmér.

Francouzskd AFTES, kterd letos slavi 40 vyroci zaloZeni, tak tuto uda-
lost svou konferenci néleZité ocenila.

V predsednictvu konference zasedal mimo jiné i francouzsky ministr
dopravy a nejvyssi predstavitelé mistni i celostdtni samospravy, majici
na starosti rozvoj a dopravni infrastrukturu.

U kulatého stolu se za jejich tcasti diskutovalo o problematice trans-
evropskych spojeni, zejména sever—jih pod Alpami, ale také
zdpad—vychod. Probiraly se otdzky pfipravy téchto staveb, jejich finan-
covan{ a koordinace mezindrodni spoluprace.

Jedndni konference probihala paraleln¢ ve dvou sdlech a v nékolika
sekcich s ndsledujicimi tématy:

A1 Podzemni prostory a udrzitelny rozvoj. (Underground space and
sustainable development)

A2 Kvalita podzemnich staveb. (Quality of underground infrastruc-
ture)

B1 Technické inovace u méstskych tunelt. (Technical innovation in
urban tunneling)

B11 Posledni inovace v technologii TBM. (Latest innovations in TBM
technology)

B12 Zajimavé tunelovaci prace provadéné TBM. (Interesting TBM
works)

B13 RaZeni méstskych tuneli konvenénimi tunelovacimi metodami.
(Conventional urban tunneling)

B2 Inovace pfi tunelovani v horach. (Technical innovations in moun-
tain tunneling)

B21 Nové technologie, prizkumné metody a vypolty. (New methods
for investigation, design and construction)

B22 Konvenéni tunelovani ve stfednich hloubkach. (Coventional
tunneling at medium depth)

B23 Tunelovani TBM ve velkych hloubkach. (TBM tunneling at great
depth)

B24 Tunelovéani TBM ve strednich hloubkach. (TBM tunnling at medi-
um depth)

C Dlouhodobd Zivotnost podzemnich dél. (The long life of underg-
round constructions)

C1 Strategie pro fizeni provozu tunelu. (Strategy for tunnels manage-
ment)

C2 Rozséhlé inovace méstskych tuneld. (Heavy renovation of urban
tunnels)

C3 Rozsahlé inovace tunelt na mezindrodnich tratich. (Heavy renova-
tion of underground international links)

C4 Materidly a metody pro ddrzbu tunell za provozu. (Methods and
products for tunnel maintenance)

D ZvySovani pritazlivosti podzemnich staveb. (Making underground
space more atractive)

D1 Tunely ohleduplné k Zivotnimu prostiedi. (Towards environmen-
tal-friendly tunnels)

D2 K novym podzemnim prostordm ve méstech. (Towards new
underground spaces in the city)

E Otdzky smluvnich vztaht a financovani. (Project financing and con-
tracts)

Konference byla v mnohém inspirujici i pro nds, specialisty podzem-
nich staveb v Ceské republice. Zejména témata tykajici se razeni tunell
v méstské zastavbe byla velmi zajimavd a poucnd.

Za podtrZeni stoji stdle vétsi diraz na ziskdvani spolehlivych dat
o0 horninovém prostiedi, ve kterém se tunel razi, rozsahu a komplexnosti
geomonitoringu, kde se nijak neSetif na mnozstvi méfeni ani méfickych
mist. Spolu s tim se logicky neustéle zvétsuje role a G¢innost fizeni geo-
technickych rizik v prabéhu razeb tunelt, které se stava béznou soucasti
fizeni vystavby.

Velmi piinosnd byla vystava, kde bylo mozné se nézorné sezndmit
s témef vSemi prvky tuneldfskych technologif, které jsou dnes pouziva-
né. Stejné tak s metodami matematického modelovéni, dimenzovani, pti-
stroji a pouzivanim geotechnického monitoringu atp.

Na stdncich vystavovateli bylo moZno vést o vSech aspektech tunelo-
vani zasvécenou diskusi.

Je $koda, 7e se z Ceské republiky zulastnil jediny zdstupce.
Konference AFTES bezesporu patfi k tém, které nabizeji vyznamné
mnoZstvi novych poznatkl, ndmétu a inspirace.

ALEXANDR ROZSYPAL, rozsypal@geotechnika.cz,
ARCADIS Geotechnika, a. s.

s

Pozvanka na 17. mezinarodni seminar

ZPEVNOVANI, TESNENi A KOTVENi HORNINOVEHO MASIVU
A STAVEBNICH KONSTRUKCi 2012

Semina¥ se kona pod zastitou Ceské tunelaFské asociace ITA-AITES ve dnech 19.-20. ledna 2012
v nové aule VSB-TU Ostrava, TF. 17. listopadu 15, Ostrava-Poruba. Poradatelem seminare jsou VSB-TU Ostrava,
Fakulta stavebni, katedra geotechniky a podzemniho stavitelstvi, a Minova Bohemia, s. r. o.

Dalsi informace lze ziskat na adrese: hana.sedlarova@vsb.cz

Invitation to the 17th international seminar

REINFORCEMENT, SEALING AND ANCHORING OF ROCK MASSIF
AND BUILDING STRUCTURES 2012

The seminar is taking place under the auspices of the Czech Tunnelling Association ITA-AITES
from 19th to 20th January 2012, in the new aula at VSB-TU Ostrava, Tr. 17. listopadu 15, Ostrava-Poruba.
The seminar organisers are VSB-TU Ostrava, Faculty of Civil Engineering, Department of Geotechnics
and Underground Engineering, and Minova Bohemia, s. r. o.

More information can be obtained from: hana.sedlarova@sb.cz

~
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VYROCI / ANNIVERSARIES

75 LET ING. MIROSLAVA KOLECKARE
75T BIRTHDAY OF ING. MIROSLAV KOLECKAR

Koncem roku 2011 se doZzil v plném pracov-
nim nasazeni vyznamného Zivotniho jubilea nds
spolupracovnik, kolega a ¢len velké tuneldrské
rodiny Ing. Miroslav Koleckar.

Narodil se 2. 10. 1936 v Konici na Moravé.
V letech 1954-1959 studoval na Vojenské tech-
nické akademii v Brné — obor stavebni. Studium
ukon¢il s vyznamendnim, béhem studia praco-
val jako pomocnd védecka sila na katedre sta-
vebni mechaniky.

Béhem své odborné praxe pracoval prevazné
v oblasti podzemnich staveb, statiky a zakla-
dani, a to 20 let v projekci, 20 let u dodavatele
a dosud 12 let u investora.

V roce 1959 nastoupil do Vojenského projektového tstavu
v Praze, atelieru zvlastnich a podzemnich staveb a jako statik
a vedouci projekéni skupiny navrhl fadu konstrukci. Kromé
vedeni statické skupiny byl hlavnim specialistou ustavu pro
podzemni stavby a ¢lenem celostdtni komise ovliviujici feSeni
problematiky metra.

Z obdobi projekce nutno zminit origindlni ndvrh prvniho
halového podchodu v Ceskoslovensku uprostied Vaclavského
ndmésti s pouzitim predpjatych hlavic a podchyceni okolnich
budov ( viz InZ. stavby 1968/12) a ndvrh nového reseni prostu-
povych casti razenych stanic prazského metra s vyraznymi
usporami nedostatkové a drahé litiny. Toto feSeni se pouziva
jako typové dodnes.

Sledovani deformaci nadloZni zdstavby prfi razbdach tunelu
a velkych hloubenych staveb se mu pak stalo celoZivotni speci-
alizaci. O této problematice publikoval fadu ¢ldnku.

V roce 1979 na vyzvu Metrostavu Praha nastoupil do funkce
vedouciho odboru predvyrobni pfipravy a projekce. Tato funk-
ce mu umoznila plné uplatnit znalosti z projektovani a nadéle
se vénovat otdzkam deformaci nad razenymi stanicemi (viz Inz.
stavby 1979/5 ). Studoval pri¢iny havdrif pri vystavbé tras A, B
prazského metra a ziskané zkuSenosti déle uplatnoval ve svém
profesnim Zivoté. Se svymi kolegy zavedl unifikaci razenych
a hloubenych stanic metra, dspornd feSeni nékterych stavenist-
nich dvoru nahrazenych trvalou bytovou vystavbou (oblast
Jinonic), navrh mostniho feSenf trasy metra misto zemniho valu
v oblasti Novych Butovic a fadu dalSich novych feSeni.

V letech 1991-1995 pusobil ve funkci hlavniho inZenyra
vystavby Strahovského tunelu (viz Silni¢ni obzor 11/1997).
Trvale udrzoval spojeni s katedrami geotechniky a zakladani
CVUT Praha, fadu let byl ¢lenem zkuSebnich komisi, lektoro-
val knihu prof. Bazanta Zakldddni staveb, kde prosadil uvade-
ni dplnych konkrétnich priklada a vypoéti jako pomoc inZeny-
rum.

Treti etapu svého profesniho pusobeni spojil od roku 1998
s investorskou firmou VIS, a. s., a zejména s fizenim monito-
ringu podzemnich staveb. Zde pracuje dosud. V letech
1998-2003 vedl Radu monitoringu tunelu Mrazovka, dosud
nejrozsdhlej$i monitoring v historii Ceského tuneldfstvi.
Uplatiiovani observaéni metody a sdileného rizika investora se
zhotovitelem umoZnilo milionové dspory a minimalizaci zajis-
tovani nadlozni zastavby.

Koncepce monitoringu tunelu Mrazovka se stala zakladem
pro monitoring daliich podzemnich staveb v Ceské republice
(viz publikace Tunel Mrdzovka).

O vysledcich monitoringu tunelu Mrazovka prednesl referat
na svétovém kongresu v Sydney v roce 2002.

Ing. Miroslav Koleckdr, an untiring member of our
large tunneling family, will celebrate an important anni-
versary at the end of 2011.

He was born on October 2, 1936 in the Moravian
town of Konice. He studied civil engineering at the
Military Technical Academy in Brno from 1954 to 1959
and graduated magna cum laude. During his studies, he
worked as a research assistant in the department of
structural mechanics.

Over the course of his career, he has worked mainly
in the field of underground engineering, statics, and
foundation engineering. He spent 20 years working as a
designer, 20 years working for a contractor, and the last
12 years with an investor.

In 1959, he joined the Military Design Institute in Prague in the atelier
of special and underground construction. He designed many structures as
a structural engineer and design group head. In addition to managing a
group of structural engineers, he also worked as the chief specialist of the
institute for underground construction and he was member of the national
committee dealing with the issues of metro line construction.

Highlights of his design career include the original design of the first
pedestrian subway in Czechoslovakia under Wenceslas Square utilizing
pre-cast concrete heads and underpinning the surrounding buildings (see
InZz. stavby 1968/12) and a new design for passage parts of driven stati-
ons of the Prague metro with significant savings of scarce and expensive
cast iron. This solution is still utilized today.

Monitoring of surface development deformations during tunneling and
deep excavations has become his lifetime specialization. He has publis-
hed numerous articles in this field.

In 1979, he was invited by Metrostav Praha to take the position of the
head of pre-production preparation and design. This position enabled him
to fully exercise his design skills and to continue focusing on the issues
of deformations above driven stations (see Inz. stavby 1979/5). He studi-
ed the causes of accidents during construction of lines A and B of Prague
metro and applied the collected experience in his professional career.
Together with his colleagues, he defined unification of driven and cut-
and-cover metro stations, the economic design for some construction
yards replaced by permanent residential development (Jinonice area), the
design of a bridge for a metro line to replace the earthen embankment in
the area of Nové Butovice, and a number of other innovative solutions.

Between 1991 and 1995 he worked as the chief engineer of Strahovsky
tunnel construction (see Silni¢ni obzor 11/1997). He maintained contact
with the Departments of Geotechnical Engineering and Foundation
Engineering of the Czech Technical University in Prague. For many
years, he was a member of university examination committees. He revie-
wed Dr. Bazant’s book Zakldddni staveb (Foundation Engineering),
where he pushed for the presentation of full and complete examples and
calculations as an aid for engineers.

In 1998, he entered into the third phase of his professional career by
joining VIS, a.s., an investment company, where he has focused on the
management of underground project monitoring. He is still with this com-
pany today. Between 1998 and 2003 he chaired the Monitoring
Committee of Mrdzovka tunnel - so far the most extensive monitoring
project in the history of Czech tunneling. Observation method applicati-
on and risk sharing between the investor and contractor enabled savings
amounting to millions of crowns and minimization of surface develop-
ment securing.

The monitoring concept of Mrdzovka has become the foundation for
monitoring other underground structures in the Czech Republic (see
Tunel Mrdzovka publication).

He presented the results of Mrdzovka tunnel monitoring during the
2002 World Congress in Sydney.
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V letech 2005-2007 zajistoval pro Ministerstvo dopravy
a Evropskou unii ve sdruzeni s anglickou fy Fabermaunsell
supervizni ¢innost pro razby tunelu Libouchec, kde se vyrazné
podilel na prosazeni prvni nearmované sekundarni obezdivky
silni¢niho tunelu v Ceské republice, a tim na zna¢nych dspo-
rdch Casu vystavby a naklada.

Od roku 2006 organizuje a fidi monitoring hloubenych tune-
1t stavby Malovanka v severnim predpoli Strahovskych tunelu
a monitoring pri probihajici razbé odvodnovaci §toly pod jizni
Casti Strahovskych tuneli. Soudasné se podili investorsky
a projektové na zahdjeni razby pruzkumné $toly Radlické radi-
aly. To se oCekdva ve 4. étvrtleti 2011 a bude startem nejvetsi
prazské tunelové stavby v nastdvajicich deseti letech.

Jubilant je od roku 1994 autorizovanym inZenyrem v oboru
geotechnika a dopravni stavby a autorem desitek odbornych
¢lankd a prispévkd na Ceskych i mezindrodnich konferencich
a kongresech. V nich vzdy konkrétn€ uvadél zmérené hodnoty
a zavéry z toho plynouci a nebdl se publikovat i ndkladové
udaje spojené se stavbami a s monitoringem, coZz nebyva
obvyklé.

Jako koncepéni a trvale pouZzitelné 1ze hodnotit zejména ¢la-
nek Monitoring tunelu Mrdzovka z pohledu investora v Cas.
Tunel/2002 a referdt na konferenci Podzemni stavby Praha
2003 se sumarizaci vysledki deformaci nad velkoplo$nymi
tunely, které byly do té doby realizovany (Sbornik s. 316-317).

V roce 2007 byl ¢lenem veédecké rady 33. svétového kongre-
su v Praze a podilel se na feSeni dil¢ich sekci jedndni.

Ing. Koleckar vSak nezil jen praci, aktivné sportoval jako
hra¢ kosikové a rugby a rekrealné provozoval i dal$i sporty.
V rodin¢ md radost ze tfi vnoucat. Trojka je mu osudnd, jako tri
prosla zaméstnéani a tfi velké stavby, na které rad vzpomina —
podchod Viclavské namésti, Strahovsky tunel a tunel
Mrézovka.

Osobné jsem s Mirkem Koleckdfem spolupracoval od roku
1973 na mnoha akcich. Vzdy jsem si u ného cenil vysokého
pracovniho nasazeni, vyborné organizace prdce, durazu na
logické mysleni i zdravého sebevédomi. V soukromi je Mirek
dobrym spole¢nikem s mnoha zdjmy a se smyslem pro humor.
V jeho pritomnosti nikdy nenf nuda.

Piejeme jubilantovi, aby mu vydrZel pracovni eldn i naddle
a aby se v plném zdravi dockal zahdjeni dalSi velké stavby —
tunelu Radlice, na jehoZ pripravé se v soucasné dobé podili.

ING. JAROSLAV NEMECEK, SATRA, s. r. o.

From 2005 to 2007, he worked with the British company Fabermaunsell on
supervision of the Libouchec tunnel construction for the Ministry of Transport
and for the European Community; he significantly contributed to promotion
of the first plain concrete secondary lining of a road tunnel in the Czech
Republic, which resulted in considerable construction time and cost savings.

Since 2006, he has organized and managed monitoring of the Malovanka
cut-and-cover tunnels in the northern forefield of the Strahov tunnels and
monitoring of drainage gallery excavation under the southern section of the
Strahov tunnels. He also works as the representative of investor and desig-
ner in commencement with excavation of an exploratory gallery for the
Radlickd radial. The works are expected to start during the 4th quarter of
2011 and they will represent the beginning of the largest tunneling project in
Prague for the next ten years.

Since 1994, he has been a certified engineer in the field of geotechnical
engineering and transport structures. He has published dozens of professional
articles and has contributed at both Czech and international conferences and
congresses. He always published specific measured values and resulting conc-
lusions. He was not afraid to publish any cost information connected with con-
struction projects and monitoring although such transparency is unusual.

His most important publications include his conceptual and timeless paper
Monitoring tunelu Mrdzovka z pohledu investora (Mrdzovka Tunnel
Monitoring from the Perspective of the Investor), which was published in
Tunel magazine in 2002 and his presentation given at the Podzemn{ stavby
Praha 2003 (Underground Projects, Prague, 2003) conference where he
summarized the results of deformations over large-diameter tunnels com-
pleted by then (Proceedings, pages 316-317).

In 2007, he became a member of the scientific committee of the 33rd
World Congress in Prague. He participated in preparation and discussions
addressing specific sections.

Ing. Kole¢kar does not live only for his work. He was formerly an active
basketball and rugby player, and also enjoyed other sports and leisure acti-
vities. He is proud of his three grandchildren. The number three is signifi-
cant for him - he has held three jobs, he worked on three major projects that
he likes to remember — the Wenceslas Square subway, Strahovsky tunnel,
and Mrézovka tunnel.

I have personally worked with Mirek Koleckdr on numerous projects
since 1973. I have always appreciated his deep commitment, excellent work
organization, emphasis on logical thinking, and healthy self-confidence.
Among his friends, Mirek is a good companion with many interests and a
good sense of humor. No one gets bored when he's around.

We wish him endless enthusiasm for his work and hope that he will be
around to see the opening of another great project — Radlice tunnel which he
is currently helping to prepare.

ING. JAROSLAV NEMECEK, SATRA, s. r. 0.

Z HISTORIE PODZEMNICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS

MALESICKY TUNEL V PRAZE
MALESICKY TUNNEL, PRAGUE

The Malesicky tunnel goes under the Tabor hill in Prague (fig.
1). The freight route from Liben to VrSovice, between the stati-
ons of Praha Libeni and Praha MaleSice, passes through it. The
tunnel was built between 1914 and 1919, it is 358 m long and
8.7 m wide. The driving took place from both portals at the same
time. On the northern side, towards Liben (as is usual for the
majority of older tunnels on Czech Railway lines), a modified
Austrian tunnelling method was used with a lower directional
gallery, which was mined into an upper (vault) gallery. On the
southern side, Malesice, the above-mentioned modified Austrian
method was used, as well as the Belgian tunnelling method.
Driving took place in greywacke Ordovician shale, sometimes
with inserts of quartz sandstones and quartzite of the Letna

Formation ([3], fig. 2). During driving, problems arose as a result
of unsuitable geotechnical properties of the given (significantly
tectonically damaged) formation on the northern side, as well as
the relatively abundant water sources.

The idea of the paper is to remember the mastery of our prede-
cessors, who managed to build this railway tunnel even during
the enormously complex economic period of World War I, in dif-
ficult geotechnical conditions. It has served its purpose for
almost 100 years.

Do rukou jednoho z autoru tohoto prispévku se ¢irou ndhodou
dostala velice zajimavd medaile z obdobi 1. svétové valky: ,Na
pamét proraZeni tunelu pod vrchem Téborem...“ (obr. 5). A odtud
jiz vedla cesta k bliz§imu sezndmeni se s neprili§ povédomym
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Obr. 1 Situace vedeni MaleSického tunelu v Praze [4]
Fig. 1 The layout of the MalesSicky tunnel in Prague [4]

Zelezni¢nim tunelem v Praze. Tento tunel je dnes v databdzi
elezni&nich tuneld na dzemi CR pojmenovén jako MaleSicky.

Malesicky tunel prochdzi v Praze pod vrchem Tabor (obr. 1).
Je jim vedena ndkladni spojka z Libné do VrSovic, mezi stani-
cemi Praha Liben a Praha MaleSice. Duvodem pomérné malé
znalosti jeho existence je s nejvySsi pravdépodobnosti to, Ze byl
puvodné uréeny vyhradné pro ndkladni dopravu a osobni vlaky
jim projizdély jen vyjime¢né. A to jen v pripadech, kdy
z diivodu tratovych vyluk jim musela byt vedena objizdn4 trasa.
Dalsi zajimavosti stavebné dvoukolejného tunelu je to, Ze
z maleSické strany do néj vedou dvé koleje, zatimco z libenské
jen jedna. Vysvétleni je jednoduché: Tunel byl puvodné vybu-
dovédn jako dvoukolejny, ale probihd jim pouze jedna kolej.
V ¢asti tunelu smérem k MaleSicim byla poloZena za druhé sve-
tové valky (v roce 1944) vytazna kolej z Malesic, kterd je vSak
nyni odpojena. Kolej koncici v tunelu se pouzivala jako vytaz-
nd pri posunu z maleSického nadrazi [1], [5].

NS
R\ 7 %& e

A

Obr. 2 Vyrez z inZenyrskogeologické mapy Prahy M 1:5 000, list 4-1 [3]
Fig. 2 Cut of the engineering geology map of Prague 1:5000, sheet 4-1 [3]
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Celkova délka ndkladni spojky z Libné do VrSovic &ini asi
7,5 km. Tunel byl vybudovén v letech 1914 az 1919, jeho délka
dosahuje 358 m pfi Sifce 8,7 m. V severnim predpoli tunelu je
trat’ vedena cca 400 m dlouhym a az 20 m hlubokym zarezem.
Razba probihala soucasné z obou portdlu. Na severni strané
smérem k Libni byla pouzita (tak jako u naprosté vétSiny star-
gich tuneld na tratich CD) modifikovand rakouska tunelovaci
metoda s dolni smerovou $tolou, kterd byla rozfardna do horni
(stropni) Stoly. Na jizni, maleSické, stran¢ byla pouZzita jak jiz
vySe uvedend modifikovand rakouskd metoda, tak rovnéz
i tunelovaci metoda belgickd. RaZzeni probihalo v drobovych
ordovickych bridlicich, misty s vlozkami kifemennych piskovca
a kfemencu letenského souvrstvi ([3], obr. 2). Béhem raZzeni se
vyskytly potize vyplyvajici jak z nepfiznivych geotechnickych
vlastnosti uvedeného (vyrazné tektonicky poruseného) souvrst-
vi na severni strané, tak i z pomérné vydatnych pritoku vody.
Rubanina z tunelu stejn€ jako hornina ze zarezu byly vyuzity ke
stavbe Zelezni¢niho télesa pri premosténi ricky Rokytky, resp.
deponovany v jeji nivé. Tunel byl dilem stavebni firmy
Ing. Vladimir VI¢ek z Kralovskych Vinohrad. Poutavou kratkou
reporti o stavbé otiskl v roce 1915 &asopis Cesky svét — obr. 3
[2]. Velmi zajimavy je i dobovy snimek z vystavby jiZniho por-
talu tunelu na obr. 4 [1]. Vlastni tunelovaci prace byly ukonce-
ny v bfeznu 1917 a do provozu byl tunel uveden v ¢ervnu 1919.
Jedinou zdsadni modernizaci predmétného tratového useku
a potazmo i MaleSického tunelu byla elektrifikace v roce 1951.

Jak je uz zminéno v tdvodu prispévku, podnétem k nasemu
patrani po historii tohoto polozapomenutého Zelezni¢niho tune-
lu byla uvedena pamétni medaile. Nédsledovala dobovd zminka
v Casopise Cesky svét z roku 1915 [2]. Nejvétsi objev se pak
skryval v archivu fy SZDC v Praze Holeovicich. Kromé evi-
dencniho listu MaleSického tunelu se zde v papirovych deskach
uchovaly ptuvodni peélivou rukou prokreslené ndvrhy obou por-
talu a jednotlivych typt obezdivky tunelu [6]. Pfi opatrném roz-
kladani vékem zaZloutlych, v pravém slova smyslu azZ umélec-
kych dél tehdejsich tunelovych inZenyrua, ktefi pfiblizné pred
sto 1éty navrhovali podzemni stavby na obdobnych zdkladnich
principech jako dnes, si ¢lovék uvédomuje, Ze zakonitosti jako
horninovy tlak (tla¢ivost hornin), vliv tektonického poruseni
a zvodnéni{ horninového masivu na stabilitu nezajisténého vyru-
bu apod. jsou pordd stejn¢ aktudlni. Vedle ¢asti vykresové pro-
jektové dokumentace tunelu se dochovala rovnéZ i dalsi bada-
telsky cennd historickd perla spojend s touto stavbou. Jednd se
0 ,,Zprdvu o vySetreni geologickych pomeéru tunelu Tdbor ve
st. km 3 070-3 400 na Zeleznicni spojce Libern — Nusle® od hor-
niho stdtniho rady Ing. Maxe Singera z Vidné¢, vydanou v roce
1914 [6]. Lze bez nadsdzky fici, Ze se jednd o plnohodnotny
inzenyrskogeologicky posudek pro pripravu projektu tunelu,
vychdzejici jak z geologickych map, mistni geologické doku-
mentace, tak i ze zkuSenosti z raZzeb tehdejSich tunell v obdobné
geologii. Na zdkladé z geologického zhodnoceni byla trasa
navrhovaného tunelu rozdélena do dsekt podle navrhovaného
typu obezdivky tunelu. Vedle portdlovych dseku byla navrZzena
obezdivka s lehkym tlakovym profilem na délce dseku 54 m,
obezdivka s tézkym tlakovym profilem obezdivky na dl. 230 m
a v poruchovych zéndch horninového masivu byla navrzena
obezdivka s tézkym tlakovym profilem a spodni klenbou (dsek
40 m). TakzZe vedle historie navrhovani podzemnich staveb jsme
nahlédli i do historie inZenyrské geologie v podzemnim stavi-
telstvi.

JiZz v dvodu zminénym a velmi zajimavym artefaktem pripo-
minajicim vystavbu MaleSického tunelu je i nositelnd bronzova
medaile (obr. 5). Na jejim aversu je velmi realisticky zndzorné-
na prolomend smérova S$tola, nad kterou si podavaji ruce dvé
muzy. Leva (heraldicky) z nich pfitom drZi v ruce jeden ze sta-
vovskych symbolu — olejovy tuneldfsky kahanec. Pod po&vou,
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Zifes pled severnim poridlem fumel.

ki vechmd dfaly na severnd sfrand funel,

Z NOVE
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Obr. 3 Z nové spojovaci drihy Vriovice — Liberi (Cesky svét, 1915) [2]

Fig. 3 From the new connecting line, VrSovice — Libern (éeskj svet, 1915) [2]

na které muzy stoji, je uveden ndsledujici ndpis: NA PAMET
PROTAZENI TUNELU POD VRCHEM TABOREM R. 1915
VENUJE PODNIKATEL STAVEB ING. VLAD. VLCEK. Na
reversu medaile je opét mimoradné realisticky a v pravém slova
smyslu i edukaéné zobrazen fez pro tehdejsi dobu charakteristic-
kou obezdivkou tunelu s prolomenou smerovou Stolou. Velmi
sugestivné zde pusobi hornina vystupujici v obnaZené celbé. Po
obvodu medaile je potom veden nasledujici text: STAVBA

Obr. 4 Dobovy snimek z vystavby jizniho portdlu MaleSického tunelu [1]
Fig. 4 Period shot from the construction of the southern portal of the
Malesicky tunnel [1]

SPOJ. DRAHY Z LIBNE K VRSOVICUM DLE PROJEKTU
REDITELSTVI CK STAT. DRAH V PRAZE. Na horni hrané
medaile je priletovano kruhové ousko. Zdaves (stuzka, tocend
$nurka...) se nedochoval. Na aversu je signatura medailéra, na
reversu signatura zhotovitele. Takovdto nositelnd medaile je
v naSich pomérech mimoradné neobvykla a autori ¢lanku mohou
potom jen spekulovat, zda se na jejim zhotoveni a ndsledném
udélovéni zdsadnim zpusobem nepodepsala praveé doba 1. svéto-
vé vilky, kdy po vzoru ocenovani aktudlnich védle¢nych zasluh
byla ve 2. roce valky obdobné ocenéna i zdsluha na poli vystav-
by c. k. statni drdhy v zdzemi.

Niélez historickych dokumenta spojenych s MaleSickym tune-
lem (tunelem pod vrchem Téabor v Praze) pfimo vyzyva vypravit

Obr. 5 Medaile ,,Na pamét’prorazeni tunelu pod vrchem Tdborem...“, 1915,
bronz 30 x 30 mm

Fig. 5 Medal to commemorate the breakthrough of the tunnel under the
Tdbor hill..., 1915, bronze, 30 x 30 mm
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se za touto dopravni stavbou, skrytou
v prostfedi maleSickych ohrad a skladu
v bezprostfedni blizkosti aredlu bota-
nické zahrady — v prostredi, které na vds
dychne az skoro ,,hrabalovskou® poeti-
kou. A navic, témér na zaveér, i dobrd
zprdva: Dnes Ize kazdou sobotu ¢i nedé-
li osobnim vlakem projet timto tunelem
(mezi stanicemi Praha — Hostivar a Pra-
ha — Liben) v ramci praZzské integrova-
né dopravy.

A vlastnim zdvérem lze pouze pripo-
menout mistrovstvi nasich pfedkﬁ,
ktefi dokdzali i béhem hospodérsky

20. rocnik - €. 4/201

Pohled na portdl

PROJEKT TUNELU ,TABOR' SPOJKY LIBEN-NULE SER. NADf

JIZNI PORTAL.
1100

Obr 14
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nesmirné sloZitého obdobi 1. svétové
valky postavit v nelehkych geotechnic-

kych podminkach Malesicky Zelezni¢ni
tunel. Tunel, ktery jiz témér 100 let
uspésné slouzi svému ucelu, ostatné
stejné jako naprostd vétSina ostatnich tuneli na naSich Zeleznic-
nich tratich.
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Obr. 6 Projekt jizniho portdlu [6]
Fig. 6 Southern Portal design [6]
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RAZENI TRATOVYCH TUNELU PRSTENCOVOU METODOU NA TRASE I.C PRAZSKEHO METRA
DRIVING RAIL TUNNELS USING THE RING METHOD ON THE I.C LINE OF THE PRAGUE METRO

In 1967, on the recommendation of Soviet experts, it was
decided that “underground sections of the tram lines” would
not be built in the centre of Prague, but separate metro lines
would be built instead. At that time, Czech tunnel builders were
given the task of building on line I1.C1, using a conventional
method, the pair of driven track tunnels in the sections from
Muzeum to the station IP Pavlova (340 m plus 372 m), from the
station IP Pavlova to Nuselsky Most (2 x 447 m), from Nameésti
Hrdint to Pankréc station (2 x 587 m) and from Budéjovickd to
Kacerov stations (2 x 573 m). The Soviet experts recommended
their widely used and trusted ring method to us for driving
track tunnels.

The ring method was one of the conventional driving met-
hods. It connects experience from driving using classical met-
hods and timbering and traditional driving using steel equip-
ment (or reinforcement), regularly used in mine passages. The
principle of the ring method is based on excavating a short cut
with a full cross-section, and its rapid fitting with a ring of per-
manent lining including filling out the area behind the lining.
The aim was to proceed so fast to have no or only minor supp-
lementary measures to extend, or ensure safety and the neces-
sary period of stability of an unsecure excavation cut.

To drive Prague’s metro tunnels using the ring method, the
mechanisms available at the time were used, primarily driving
machines (erectors) from the USSR, and later machines of the
Czech origin. Lining segments positioned with the erectors and
non-mechanised shields consisted either of cast-iron lining seg-
ments or reinforced concrete parts. When driving the track
tunnels, the height and width of the excavation was only
around 5.6 m, so the overbreaks from the face, or even the cei-
ling with higher overburden, did not usually threaten the stabi-
lity of the overburden and built-up area. All the same, it was
necessary to seek suitable measures to increase or secure safe-
ty and the necessary period of stability for the non-fitted secti-
on of the stope.

Kdyz bylo v roce 1967 na doporudeni sovétskych expertu
rozhodnuto nebudovat v centru Prahy ,,podzemni Gseky tram-
vajovych trati, nybrZ rovnou budovat separdtni trasy metra,
bylo stanoveno vybudovat jako prvy dusek trasy metra
z Florence do stanice Kacerov, dnes oznaceny jako [.C1. Tehdy
byli tuneléfi postaveni pred dkol vybudovat na trase I.C1 kon-
venéni metodou razené dvojice tratovych tunelt v dsecich od
Muzea ke stanici I. P. Pavlova (340 m+372 m), od stanice
1. P. Pavlova k Nuselskému mostu (2x447 m), od ndmésti
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Hrdinu ke stanici Pankrédc (2x587 m) a ze stanice Budéjovickd
do stanice Kacerov (2x573 m). Sovetskymi experty ndm byla
doporucena u nich Siroce uZivand a osvédend prstencova
metoda raZeni tratovych tunela.

Prvé dva razené tratové useky razil o. p. Vojenské stavby
pomoci sovétskych razicich erektort, a tunely vystrojoval
sklddanym osténim pievdzné z litinovych tybinku, doddva-
nych ze SSSR. Druhé dva tseky tunelu razil n. p. Vystavba
kamenouhelnych dolu Kladno pomoci vlastni razici soupravy
a vystrojoval je sklddanym osténim ze Zelezobetonovych dilcu
vlastni vyroby. Organizace razicich praci vychdzela z roz-
hodnuti, Ze staveniStni doprava v podzemi bude zajiSténa zpra-
vidla dvoukolejnou drdzkou a svislou dopravou té€Zni Sachtou
s téZnim ,,dulnim zafizenim*®.

HISTORIE VYVOJE PRSTENCOVE METODY

Prstencovd metoda je jednou z konvenc¢nich metod raZeni.
Navazuje na zkuSenosti z razeb klasickymi metodami s vydre-
vou a na tradicni raZeni s ocelovou vystroji (resp. vyztuzi),
bézné uzivanou v dulnich chodbdch. Pro razby delSich trato-
vych tuneli podzemnich drah, resp. meter, bylo tieba postupo-
vat pii razbé zpravidla porubem (na plny pruiez) a s jedinou
¢elbou. To vyzadovalo cyklicky postup razeni (tj. vyrubdni
zabéru v&etné jeho vystrojeni) s vyuzitim docasné (kratkodobé)
stability soudrznych a skalnich hornin a rychlé zabudovani
trvalé vystroje vyrubu. Pokud se pfi razeni (bez pouziti Stitu)
osazuje v provedeném zabéru jiz skladané osténi z pre-
fabrikovanych segmentu, pak se razi prstencovou metodou.

ZASADY RAZENI PRSTENCOVOU METODOU

Princip prstencové metody spocivd ve vyrubdni kritkého
zébéru v plném prufezu a v jeho rychlém vystrojeni prstencem
trvalého sklddaného osténi vCetné vyplnéni rubu za osténim.
Snahou je postupovat tak rychle, aby nebyla nutnd pokud
mozno zadnd, nebo jen mald dopliujici opatfeni pro prodlou-
Zeni, resp. zajiSteéni bezpecnosti a potfebné doby stability neza-
jisténého zébéru vyrubu.

Doba stability vyrubaného zdbéru je zna¢né ovlivnéna radou
faktorq, napf-.:

e horninovymi pomeéry (geologickymi a geotechnickymi

vlastnostmi horninového prostredi),

¢ hydrogeologickymi pomeéry,

* velikosti prufezu vyrubu,

e délkou zdbéru vyrubu,

* zpusobem rozpojovani horniny pfi razbé apod.

Potfebnou dobu stability nezaji§téného zdbéru vyrubu urcuje
vedle kvalifikace persondlu:

¢ dostupna mechanizace razicich praci,

e organizace razicich praci,

¢ dostupné a nasazeni schopné pomocné metody pro prodlou-

Zeni nebo zajiSténi potfebné doby stability zdbéru vyrubu.

Vsechny tyto faktory pak maji za ndsledek radu dprav zdklad-
ni zdsady razeni podle aktudlnich podminek a nasazenych dopl-
nujicich opatfeni.

SOVETSKE RAZICi UKLADACE

Pro razbu tunelt prazského metra prstencovou metodou byly
vedle horninovych pomért rozhodujici dostupné mechanizmy,
zejména razici ukladace (erektory) dodané ze SSSR. Tyto ukla-
dace byly urCeny do skalniho horninového prostredi, rozpojo-
vaného predevsim trhavinami, a proto byly velmi robustni. Pri
razbach se postupné poznavaly jak prednosti, tak nékteré nedo-
statky této metody, nasazenych mechanizma i uZivanych typu
sklddaného osténi.

Obr. 1 Prdce s erektorem
Fig. 1 Erector operation

STRUCNY POPIS UKLADACE

Razici uklada¢ byl sloZen ze dvou ploS$in, tvofenych ocelo-
vymi rdmy, o celkové délce cca 14 m. Na predni silné dimen-
zované plo§iné byla vysuvnd a oto¢nd ruka ukladace umisténa
asi uprosted vyrobniho prufezu. Tato predni ploSina se pohy-
bovala krdcenim po drahdch na spodu nohou jeji rdmové kon-
strukce, zpravidla pouze smérem kupfedu. V drovni osy ruky
byly po obou strandch umistény kupredu vysuvné pracovni plo-
Siny, ze kterych byl ruéné odtrhavan rozvolnény lic vyrubu po
odstrelu, pripadné dosbijen poZadovany obrys vyrubu a vrtdn
zabér dalsiho odstielu. Tyto plosiny pii ukldddni tybinka
(dilc) musily byt staZeny, aby uvolnily prostor pro otd¢eni
ruky. Tésne pod klenbou osténi tunelu byly na predni plosiné
umistény vysuvné podperné nosniky, které podpiraly horni
dilce osténi do doby uzavreni prstence a jeho aktivace. Pro
ochranu pred rozletem kamenu byly v ¢ele po obou strandch za
mechanickou rukou ukladace osazeny tézké otviraci mriZe nad
plosinou i pod ploSinou.

Na druhé, leh¢i plosing, kterd byla vleCena za predni plosi-
nou, bylo zafizeni pro injektdz, dal$i agregdty a zvedaci zafize-
ni. Ovlddaci pult byl na predni ploSine.

Za razicim ukladacem byla vlecena vyhybnova ploSina pro
ruéni manipulaci s voziky dulni drazky.

CYKLUS RAZENI

Pri razbé sovétskym erektorem cyklus obsahoval tyto préce:
= vyrubdni zdbéru

e navrtani ¢ela vyrubu podle vrtného schéma,

e nabiti ndlozi do vrtu,

e odstrel, odvétrani, obtrhdni,

* zajisténi stropu a ¢ela vyrubu,
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Obr. 2 Hloubeni eskaldtorového tunelu
Fig. 2 Driving an escalator tunnel

¢ odklizeni rubaniny,

e vyCiS§téni dna a udprava laZka pro spodni dilec osténi
(resp. tybink),

m osazeni prstence sklddaného osténi

e uloZeni spodniho dilce,

e postupné uklddédni boénich dilct v&. podepreni hornich
dilcu,

* zasunuti zavérnych dilcu,

e soucasné zaklddani rubového prostoru (budovani ¢ilka),
aby se aktivaci zajistila potfebnd tvarovd stdlost osazo-
vaného prstence a podeprel se lic vyrubu.

S opozdénim za cyklem se provadéla vyplnova injektdz
cementovou maltou a po jejim vytvrdnuti tésnici injektdZ pro-
storu rubové vyplné a horninového prostredi za vyplni.

Cilka byla zpravidla vysklddand ruéné z cihel na sucho,
mezery mezi cihlami zaplnila azZ vyplnovd malta. Kvalita ¢ilek,
hlavné jejich doklinovani ve vrcholu vyrubu, zdvisela prede-
v§im na lidském faktoru (délniku, techniku i stavebniho dozo-
ru) a byla zpravidla velmi nizk4d, pokud bylo ¢ilko ve vrcholu
v kazdém prstenci vibec zabudovdno. Nekvalitni ¢ilka zvétSo-
vala rozpéti prostorové kupole vyrubu v &elb€ a zpusobovala
obcas naruSeni doCasné stability jak lice klenutého vyrubu nad
poslednimi zdbéry, tak i vlastniho svislého &ela vyrubu.
Charakteristickym projevem nedokonalého ¢ilkovani bylo kli-
novité vypaddvdni horniny nad poslednim zabudovanym
prstencem pri celkem stabilnim ¢elu vyrubu.

20. rocnik - €. 4/201

ZAJISTENI STABILITY CELBY VYRUBU

Pfi raZeni tratovych tunelu byla vyska a §ifka vyrubu jen
cca 5,6 m, a proto klinovité vypaddvéni horniny z Cela, nebo
i ze stropu pfi vy$§im nadloZi, zpravidla neohrozilo stabilitu
nadlozi a zastavbu. I tak ale bylo nutno hledat vhodna opatreni
pro zvySeni ¢i zajisténi bezpecnosti a potrebné doby stability
nevystrojeného tseku vyrubu.

Dostupnych prostfedkt nebylo mnoho a rychlost jejich nasa-
zeni byla znaéné omezend. Byly pripraveny segmenty ocelovych
oblouku (zpravidla upravené dulni vyztuZe), ocelové paZiny
union, dievéné i Zelezobetonové dulni paZiny, dievéné kliny
a podkladky, pozd¢€ji i lemované plechy, pneumatickd betondz
a vyplnova injektaz. I kdyZ stiikany beton byl zndm a uZivan,
kapacita stifkacich souprav byla velmi nizkd (1-2 m3/h). Také
nasazeni systematickych kotev bylo prakticky vylouceno, proto-
Ze v ohroZenych mistech bylo nutno nasadit nevykonné rucni
vrtdni, které bylo spojeno s velkym ohroZenim obsluhy vrtacky.

Zajisténi stropu a Cela vyrubu se provddelo pouze v pripade
zjisténé nestability nékterého bloku, pfi prichodu zénou poru-
Seni nebo zénou zasazenou zvétranim. Zakladnim prostredkem
zajisténi bylo klasické zapaZeni. Ve stropé se zatahovaly
s mezerami plechové paziny Union, které byvaly 2,0 az 2,5 m
dlouhé. Zadni konec se opiral o uloZeny prstenec osténi, pred-
ni konec se podpiral bud dfevénymi stojkami osazenymi do
zdfezu v Cele, nebo ocelovym obloukem, ulozenym v pate klen-
by za rubem budouciho prstence osténi. Celo vyrubu bylo
zajisténo zpravidla dvéma teleskopickymi pri¢niky, které byly
vzepreny dfevénymi kuld¢i do horniny za rubem posledniho
prstence osténi a v &ele se proti pri¢nikum uklinovaly svislé
prilozné paziny z foSen.

Odtezovani rubaniny bylo velmi zdlouhavou praci. LZicové
nakladace s obsahem lopaty 0,25 m? (pozdéji pak 0,4 m?)
rubaninu naklddaly ,,pfes hlavu* do hunta — voziku tzkokolej-
né drazky o obsahu cca 1 m?3, které se fadily za vyhybnovou
ploSinou erektoru do vlaku. Béhem odtéZovdni rubaniny jiz
vrtali minéfi v kaloté vyrubu vrty pro odstrel dal§iho zdbéru.
Technické zlepSeni prineslo nasazeni nakladace se zasobniko-
vymi vozy Héglund.

Ve stabilnéjSich bridlicich byl ¢asto volen zdbér vyrubu
1,5 m, takZe ve stani¢nich tunelech se v kazdém druhém zédbéru
zabudovaly dva prstence, resp. v tratovych tunelech se zabudova-
ly dva prstence v kazdém druhém zabéru. Obvykly denni postup
byl na tratovych tunelech 3 m (na stani¢nich tunelech 2 m) zabu-
dovaného ostén{ denné v kazdé &elbé, coZ byl dlouhodoby pramér
pri dvou az trech Celbach na jednu téZni Sachtu. Obcasné organi-
zované rekordy s vykony nad 100 m za mésic vyzadovaly vSak
omezeni (nebo jiz ukonceni) razeb na ostatnich celbach

Obr. 3 Z vystavby stanice
Fig. 3 From the construction of the station
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a zpravidla i delsi dokoncovaci (pfedevsim injektdzni) préce
v ,, rekordnim‘ dseku po rekordu.

Za klady razeni soveétskymi erektory lze povazovat: cyklicky
postup raZen{ s rubdnim kratkych z&bért; moZnost prizpusobit
snadno vrtné schéma a ndloZe aktudlnim horninovym pomérum
a kvalit€ horniny za priméfenych seismickych d¢inku; prijatel-
né rychlosti postupu razeb 2 azZ 3 m denné; rychlé vystrojeni
a stabilizovani vyrubu trvalym sklddanym osténim, a tim dosta-
tecné omezeni rozvoje deformaci. Vyznamnou vyhodou bylo
i soucasné vybudovani pevného a trvalého dna, které poskyto-
valo bezpecny podklad pro kolejovou drdzku staveniStni dopra-
vy a pro odvedeni tunelovych vod. Zabudované osténi poskyt-
lo okamzitou, prakticky plnou nosnost a vylu¢ovalo tak moz-
nost vzniku havarijnich situaci za celbou. Pri peclivém
a v€asném zaplnéni rubového prostoru za osténim vylucovalo
neprijatelné poklesy povrchu v nadloZzi. Nasazeni nékolika
téméf stejnych mechanizmu usnadnovalo jejich udrzbu
a pravidelnou kontrolu a opravu po proraZzeni kazdého prislus-
ného tratového tseku.

Za nedostatky zejména z dneS$niho pohledu lze povazovat:
chybéjici mechanizaci vrtnych praci jak pro rozpojovéni, tak
pro kotveni ¢i jehlovani{; obtiZznost nasazeni doplnujicich opat-
feni pro prodlouZzeni nebo zajisténi potfebné doby stability
vyrazeného zdbéru vyrubu; chybéjici mechanizace zaklddky,
resp. ¢ilkovani osténi; a také pracné a dost nespolehlivé systé-
my tésnéni osténi.

Razici erektory byly feSeny pro pravidelny posun pouze
o délku jednoho prstence osténi predevsim kuptedu bez jedno-
duchého odsunu zpét. Pripadné nutny odsun ukladace z Celby
znamenal dlouhé preruSeni cyklu praci. Délky zébéru se predpo-
klddaly 1 m (max. 2 m) s vrtdnim pouze ru¢nimi pneumatickymi
vrtatkami. Hydraulicky ovlddand ruka pro ukldddni tybinku,
kterd se otdCela kolem vodorovné osy asi uprostied vyrubniho
prufezu, a stojiny nosné konstrukce ukladaée v8ak velmi omezi-
ly pristupnost k Celbé a prakticky zcela vyluCovaly nasazeni
vykonnych vrtacich souprav i jinych vhodnych mechanizmu
(napf. rypadel, vyloznikovych fréz a vykonnych nakladalu).

Skladané osténi uklddané sovétskymi ukladaCi a neme-
chanizovanymi §tity bylo bud z litinovych tybinkii, nebo ze Zele-
zobetonovych dilct. Z podatku (v letech 1969 a 1970) se ukla-
dalo jen osténf z litinovych tybinku. Po zkusenostech se skldda-
nym osténim tuneld metra v SSSR a v Madarsku se pouZivalo
i v Praze sklddané osténi ze Zelezobetonovych dilct. Nejdrive se
dilce sklddaného osténi dovazely z Madarska, pozd&ji se vyrabé-
ly Zelezobetonové dilce pro osténi tratovych i stani¢nich tunela
prazského metra v zavodu Prefa v Luzci nad Vltavou.

Tato osténi se pouzivala také pro vystrojovani tratovych
tunelu, razenych nemechanizovanymi §tity v dsecich tunelt od
Hlavniho nadrazi ke stanici Florenc (2x485 m), od Nuselského
mostu ke stanici Ndmésti Hrdini (2x432 m) a od vidlice
Pankrac ke stanici Budéjovicka (2x790 m).

UKLADAC VKD (VYSTAVBA KLADENSKYCH DOLU)

Pfi razbé tratovych tunelu trasy 1.C2 mezi stanicemi Namésti
Hrdint a Budéjovickd byla nasazena prstencovd metoda modi-
fikovand jednak ukladacem VKD, jednak odli$nym typem oste-
ni. Zdsadni rozdil mezi ukladadi sovétskymi a VKD byl
v uloZeni snadno pojizdné, samohybné konstrukce ukladace
VKD na kolejnicich upevnénych ve stfedu bo¢nich segmentu
osténi. Pod erektorem byl tak vytvoren dostate¢ny volny prostor
pro men$i vrtaci soupravu na kolejovém podvozku a také pro
ruzné typy nakladacu klepetovych, 1zicovych, nebo i odtézujici
soupravy Higlund. Vyznamna byla moznost pri kazdém zabéru
vrtani, odstrelu a odtéZovani odsunout uklada¢ od Celby tak, aby
v Celbé neprekdzel, byl mimo pfimy dosah odstfelu pfi trhacich

Obr. 4 Stanice Staroméstskd
Fig. 4 Staroméstskd station

pracich a mohla se v klidu provést udrzba nebo i oprava ukla-
dage. Uklada¢ VKD byl proti puvodnimu razicimu erektoru
mnohem leh&i konstrukci pfi stejné tinosnosti.

Na dvoudilné konstrukci (strojni ploSin€) ukladace, dlouhé
10,34 m, byl umistén vlastni uklada¢, zavéseny uprostred pod
plosinou. Uklada¢ byl posuvny v podélném sméru, s oto¢nou
a vysuvnou rukou, obdobnou jako u sovétskych erektori. Na
strojni plo§iné byly i vysuvné a zavésné ploSiny pro obsluhu
vrtacek Ci sbijecich kladiv, pro nabijeni, dobirani a obtrhani
prufezu a pro néstik betonu. Déle byly na ni umistény: hyd-
raulicky agregdt k pohonu, ovladaci pult (stanovisté obsluhy),
pomocné zdvihadlo s Gnosnosti 2 t, zafizen{ na stfikani betonu
nebo vhédnéni vyplnové malty za osténi a potfebné rozvody
(vody, elektriny, stlateného vzduchu).

Za ukladacem se pak samostatné posunovala po stejné koleji
jerdbova plosina se dvéma zdvihadly (6 t a 1,7 t) k premistovani{
kontejneru se suchou smési stiikaného betonu na strojni plosi-
nu, a pro pomocné zveddni pfi provozu a opravich v tunelu.

Pfi razbé na trase I.C byl k odtéZeni rubaniny nasazen lZico-
vy naklada¢ pres hlavu o obsahu 400 litri a samovyklopné
vozy o obsahu 1,8 m?.

Prstence Zelezobetonového sklddaného osténi VKD mély
§itku 75 cm a tloustku 20 cm. Byly sloZeny ze Ctyr velkych seg-
mentd a jednoho malého zdmkového. Primér osténi 5,20
/5,60 m byl proti osténf z litinovych tybinku & 5,1/5,5 m zvét-
Sen. Osteni bylo vyrdbéno Prefou Hyskov z betonu B 400 (dnes
C-/35) ze siranovzdorného cementu. Prstence byly mezi sebou
stazeny dvéma prubéznymi Sroubovymi tdhly. Rub byl opatfen
izolaénim epoxydehtovym nétérem.

Stiikany beton byl uren pro kratkodobou ochranu zdbéru
vyrubu a také pro zaplnéni rubovych prostora za osténim.

Tésnéni spar vyplnénim drdzek cementovou aktivovanou
maltou a tésnici injektdZ za rub osténi nebyly souédsti komple-
xu ukladace VKD; tyto prace se provadély nezdvisle na razbé
ze samostatnych zafizeni.

BohuZel toto zafizeni nebylo na metru v Praze ddle rozvijeno
a ukladace se vyuZivaly pouze pro vystavbu krdtkych dseku
tuneld s litinovym osténim, kde by jinak bylo nutno nasadit
»ruéni montéz* pomoci vratku.

Podobné typy ukladacu vyuzivala Vystavba dola uranového
prumyslu (VDUP, pozdéjsi Subterra) pro razbu $tol a kana-
liza¢nich stok (v Praze, CSRiv zahranici).

ING. KAREL ZAVORA, byvaly zaméstnanec a. s.
METROPROJEKT Praha
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VLAKOM Z TURCA DO BANSKEJ BYSTRICE CEZ 22 TUNELOV
BY TRAIN FROM TURIEC TO BANSKA BYSTRICA VIA 22 TUNNELS

When a railway line has 22 tunnels in a section no longer than 40
km, it is clear that the line is in especially complicated terrain, for
which construction must have been unusually challenging.
Passengers on this route, situated in Slovakia, can therefore have
the opportunity not only to admire the unusually beautiful scenery
of the surrounding mountains, but also appreciate the technical
aspects of the railway line construction with so many tunnels, brid-
ges, viaducts, embankments, and retaining and support walls.

The railway line mostly leads through steep valley slopes of the
Great Fatra mountain range and partially the adjacent slopes of the
Starohorske and Kremnicke hills. The highest mountain in its way
is the Maly Sturec, where the track passes through the longest rail-
way tunnel in Slovakia (4,697 m). The overall length of all 22 tun-
nels is 12,211 m. Of these, 6 are shorter than 100 m, 13 are betwe-
en 100 and 1,000 m long, and only 3 exceed 1,000 m. The main part
of the overall length of the tunnels was however situated in relati-
vely good rock, mainly represented by Guttenstein limestone and
dolomite. Geological conditions were more suitable than not, but
intense water ingress (even pressurized in some places) made the
excavation more difficult. Excavated rock could not be used as ade-
quate construction rock. Mostly, therefore, the construction rock not
only had to be from nearby, but often also from quite distant quar-
ries (granite blocks from as far as Silesia, travertine from SpiSské
Podhradie). The amount of imported construction rock amounted to
702,600 m>.

When driving, the current Austrian tunnelling method with woo-
den timbering was applied, with a directional gallery section of
8—12 m2. When driving the Cremosniansky tunnel, remarkable per-
formance was achieved with a maximum daily advance up to 6.5 m.
In other tunnels, advances up to 0.13 to 4.13 m per day were achi-
eved. The qualification of surveyors was confirmed by the accura-
cy the tunnel builders met with upon breakthrough of the longest
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Obr. 1 Situacnd mapa Zeleznicnej trasy Dolna Stubria - Banska Bystrica
(trasa je uvedend cervenou bodkovanou ciarou)

Fig. 1 Layout map of the Dolnd Stubiia — Banskd Bystrica railway route (the
route is marked by a red dotted line)

tunnel. Directional deviation was only 28 mm and the height devi-
ation was as little as 5 mm.

With such a large scope of tunnelling, bridge, ground and other
works, the overall time for construction is surprising. It started back
in September 1936, and finished in December 1940. The highest
number of workers on the construction was recorded at the site in
May 1938 with 12,339 people, of which nearly half - more precise-
ly 5,701 - participated in the tunnelling work.

Ked je na trase Zelezni¢nej trate 22 tunelov v tiseku dlhom nie
viac ako 40 km, netreba nikoho presviedcat, Ze ide o trat
v mimoriadne komplikovanom teréne, v ktorom stavba musela byt
mimoriadne narocnd. Cestujici na tejto trati maji tak prilezitost’
obdivovat nielen mimoriadne pekné scenérie okolitych hor, ale oce-
nit’ aj technickd stranku vybudovanej Zeleznicnej trate s tolkymi
tunelmi, mostami, viaduktami, nasypmi, zarubnymi a opornymi
miirmi. BeZny cestujici si vSak sotva mdze domysliet mnohé dalsie
sdvislosti a histériu vzniku trate od Stddia prvych zdmerov
a koncepcii, projektovania, pripravy, priebehu vystavby, aZ po jej
prevadzku. Bez zaujimavosti st nielen ddaje o rozsahu a tempe
préac, organizdcii, velkom poéte pracovnikov, razi¢skych vykonov
tuneldrov, pouzitej technike, ale aj obete, ktoré si stavba tak velké-
ho rozsahu vyziadala, vratane obeti na ludskych Zivotoch.

Vynimoc¢nost'trate z Turca do Banskej Bystrice sa dd dokladovat’
aj tym, Ze z celkového poctu 231 tunelov v ZelezniCnej sieti na
tizemi CR a SR je pribliZzne jedna desatina na jedinej 40 km dlhej
trati. Tento pomer v slovenskej relacii je eSte dramatickejsi. Pri cel-
kovom pocte 80 Zelezni¢nych tunelov v SR sa tento podiel dostava
na hodnotu jednej Stvrtiny a tdto reldcia je eSte silnejSia v pomere
poctu tunelov ku kilometrovym dizkam trati.

Myslienka vybudovania Zelezni¢nej trate z Banskej Bystrice cez
Harmanec do Turcianskych Teplic sa prvykrat zrodila v Budapesti
v Sestdesiatych rokoch 19. storodia. Tento tratovy usek mal byt
sucastou Severnej uhorskej drahy spdjajicej Budapest'so severnym
Slovenskom na trase, ktord mala viest’ cez Lucenec — Zvolen —
Bansku Bystricu — Harmanec — Tur¢ianske Teplice do Vritok. Jej
primdrnym ciefom bolo napojeniec Madarska na Kosicko—bo-
huminskd drahu. V jili v roku 1870 vSak Uhorsky snem rozhodol
0 zmene trasy s presmerovanim zo Zvolena na Kremnicu. Do roku
1872 bola tato verzia aj realizovana. K myslienke vybudovania
Zeleznice na povodne zamyslanej trase cez Harmanec sa vratila Ust-
rednd stavebnd sprava ministerstva Zeleznic v Prahe v med-
zivojnovom obdobi. Stavba sa zacala v roku 1936 a dokoncila sa
v roku 1940. V pamétnom spise ku ukonceniu stavby a otvoreniu
premdvky sa uvadza: ,,Ministerstvo dopravy a verejnych prac, Ust-
rednd stavebnd sprdva Zelezni¢na v Bratislave odovzdava verejnos-
ti do premdvky pomerne najnakladnejSiu z doterajSich Zelezni¢nych
stavieb na Slovensku, hlavni Zeleznicu Banska Bystrica — Dolna
Stubna, tvoriacu ostatny spojovaci &ldnok stredoslovenskej trans-
verzaly Nitra, pripadne Trenc¢in — Handlovd — Banska Bystrica —
Cerven4 Skala — Margecany.* Iné pramene uvadzaji aj iny dévod.
Névrat ku tejto trase nastal, ked sa ukdzala potreba vybudovania
druhej kolaje z Vritok na stredné Slovensko a pri ndvrhu zdvojko-
lajnenia trate z Vritok cez Kremnicu sa zistilo, Ze je vyhodnejSie
Vybudovat’ prepojenie Turca s Pohronim cez Harmanec
Velka Fatra a scasti v prilahlych svahoch pohori Starohorské vrchy
a Kremnické vrchy. NajvySSou horskou prekdzkou je sedlo Maly
Sturec, ktoré trat’ prekondva este stdle najdlh§im Zelezni¢nym tune-
lom na Slovensku (4697 m). StarSie predvojnové generdcie si ho
modZu pamitat’ pod menom Benesov tunel, pocas II. svetovej vojny
to bol tunel Andreja Hlinku, po skonéeni vojny opét' Benesov tunel
a a’ po roku 1948 je zndmy ako tunel Cremogniansky. Zelezni¢nd
trat’' na tejto trase prekondva vyskovy rozdiel az 350 m na velkej



20. rotnik - ¢. 4/20M

dizke so stipanim do 18 %o. Celkova dizka vietkych 22 tunelov je
12 211 m. Z nich 6 je kratSich ako 100 m, 13 ma dizku v rozpéti od
100 do 1000 m a iba 3 (vratane najdlhSicho Cremosnianskeho)
prekracuji hranicu 1000 m.

Po stranke geologickych podmienok trasa takisto nie je zvlast' pri-
aznivd. Striedaji sa tu mnohé dtvary od paleozoika az po antropo-
zoikum. V podrobnejSom vyjadreni ide o krystalické bridlice (ruly),
permské zlepence (verrucano), pieskovce, ilové bridlice keuperu,
slienité vapence, dolomity, andezity, andezitové tufy, ale aj zeminy
roznej kvality vratane svahovych suti. Prevdazna Cast’ z celkovej
diiky tunelov bola v8ak situovand v relativne dobrych hornindch
zastipenych najméd guttensteinskymi védpencami a dolomitmi.
Stavbu povrchovych tsekov komplikovala nachylnost’ svahov
k zosuvu, miestami podmoceny terén a relativne velka potreba zdre-
zov. Pre tuneldrov boli geologické podmienky skor priaznivé ako
nepriaznivé, ale razenie staZovali intenzivne pritoky vody a na via-
cerych miestach aj tlakovej. Vyska nadloZia v miestach najvicsie-
ho prevysSenia terénu bola az 318 m. Kvalitu skalnych hornin do
istej miery charakterizuje aj to, Ze na Ziadnom useku budovane;j
trate skalné horniny neboli také, aby sa dali pouzit’ako plnohodnot-
ny stavebny kamen. Zvic¢sa sa preto stavebny kamen musel dovazat’
nielen z blizkych, ale Casto aj dost’ vzdialenych lomov (Zulové
kvadre az zo Sliezska, travertinové zo SpiSského Podhradia).
Mnozstvo dovezeného stavebného kamena predstavoval objem
702 600 m3.

Zaujimavé je, Ze napriek pestrej geologickej stavbe tizemia, geo-
l6govia na zédklade prieskumnych vrtov, kopanych sond a razenia
dvoch kratkych prieskumnych §tdlni (v km 10,6-11,00 a v km
16,4-16.5) poskytli pomerne hodnoverné podklady, ktoré sa pocas
stavby aj potvrdili. Medzi geol6gmi, ktori k tomu prispeli, boli aj
také odborné kapacity ako D. Andrusov a J. Zaruba-Pffefermann.
Do istej miery je prekvapujicim faktom to, Ze vo vyrazne krasovom
prostredi pocas razenia tunelov sa nevyskytli (okrem intenzivnych
sustredenych vyverov vody s vydatnostou az 50 1/s) komplikacie
spdsobené krasovymi javmi. V Cremognianskom tuneli maximalny
odtok vody pocas razenia bol na banskobystrickej strane 760 1/s, na
tur¢ianskej 83 1/s. Po ukonceni stavebnych prac sa celkovy odtok
podzemnej vody z tunela zniZil v celoroénom priemere na 500 I/s.

Pokial ide o razenie tunelov, vo vsetkych sa aplikovala vtedajsia
rakdska tunelovacia metdda s drevenou vydrevou, smerovou $toliou
prierezu 8—12 m?, z ktorej sa vo vzdialenosti 5—12 pasov razili Sikmé
rampy do drovne bo¢nych stien klenby. Dizka pasov v zévislosti na
horninovych podmienkach sa pohybovala od 6 do 12 m. Z tychto
ramp sa potom razila klenbova §tolha prierezu 5 az 7 m2, ktord sa
v dalSej fize razi¢skych prac rozsirila na kalotu tvarom a prierezom
zodpovedajiicu budiicej klenbe tunela. Pri razeni Cremognianskeho
tunela sa dosiahli pozoruhodné vykony s maximdlnym dennym
postupom az 6,5 m. Na ostatnych tuneloch sa dosahovali postupy
v rozsahu od 0,13 do 4,13 m za den. Pocas razenia sa najdlhs{ tunel
prevetraval pomocou 6 ventildtorov (po troch na obidvoch portdloch)
s vetratkami s odstupnovanim priemeru od 300 do 1000 mm. Zhruba
v polovici jeho diiky je vyhibené priblizne 100 m hlboka vetracia
Sachta priemeru 4,5 m vystrojend Zelezobeténovym ostenim. Jej efekt
v uéinnosti vetrania bol niekedy tak silny, Ze sa musel tlmit redukci-
ou prierezu na jej vyusteni na povrch vetracimi dverami. Definitivne
ostenie tunelov je kombindciou beténu a kamenného muriva.
V klenbovych &astiach ide vzdy o kvadre z tesaného kamena. Bo¢né
steny (opery) si murované iba na tsekoch s prejavmi vyssich horni-
novych tlakov. V ostatnych Castiach si bo¢né steny z monolitického
betonu ukladaného za drevené debnenie. Spodna klenba sa budovala
dodatocne, a to len v dsekoch s vy$§imi tlakovymi prejavmi.

Kvalifikaciu geodetov potvrdila presnost’, s akou sa stretli tunela-
ri na prerdzke najdlhSieho tunela. Smerovd odchylka bola 28 mm
a vyskovd iba 5 mm.

Mechanizdciu pri razeni tunelov predstavovali pneumatické
vitacky a zbijacky, vratky, Cerpadld, vibratory na zhutnovanie beto-
nu a z novsich mechanizmov dokonca aj cementové delo, naklada-
¢e a pdsové dopravniky. Posledné dva mechanizmy na stavbe boli

iba dva, takZe prevaznu Cast’ ribaniny tuneldri nakladali lopatou do
vyklopnych vozikov, tahanych dieselovou lokomotivou. Na obid-
voch strandch najdlhSieho tunela boli vybudované nddvoria so
zdmoc¢nickymi dielnami vybavenymi ststruhmi, briskami, vitatka-
mi, pilami na kov, zvdracimi agregdtmi a kova¢skymi vyhnami.
V dielnach na spracovanie dreva boli okrem okruznych pil (cirku-
larok) aj ramové pily (gatre). Na jednom z nadvori boli instalované
aj drvice, granuldtory a triedi¢e na pripravu plniva do beténu.
Celkovy prikon inStalovanych 41 elektromotorov predstavoval
1410 kW. V tom nie je zapocitany prikon 9 rozne velkych naftovych
motorov.

Dal3imi pocetnymi objektmi na trati si mosty, viadukty
a priepusty. Dovedna je ich 166 a medzi nimi vynika Zelezobeténo-
vy viadukt vypinajici sa nad ddolim do vySky 42 m s rozpitim
hlavného oblika 55 m. Zemné prdce na povrchovych objektoch
dosiahli sumarne objem 2 620 000 m3. Objem v tuneloch vyribane;j
horniny predstavuje 549 000 m3. Dizka zdrubnych a opornych
murov dosahuje viac ako 5 km.

Pri tak velkom rozsahu tuneldrskych, mostarskych, zemnych
a dalSich pric je prekvapujici celkovy &as trvania stavby. Jej zadi-
atok sa datuje na september 1936, ukoncenie v decembri 1940.
Najvyssi pocet pracovnikov na stavbe zaznamenali na stavbe v m4ji
1938 v pocte 12 339 0s6b, z toho takmer polovica, presnejsie 5 701
0sdb sa podielalo na tuneldrskych pracach. Dobrou ilustraciou
naro¢nosti stavby je napriklad aj ukazovatel objemu zemnych prac
na 1 km trate. V pripade celej diiky tejto trate je to 77 000 m3/km,
v prepoéte na Cast trate vedenej na povrchu 90 000 m3/km.
V porovnani s inymi tazkymi tratovymi dsekmi to bola neporovna-
telne vysSia hodnota. Na stavbe podobne komplikovanych trati
napr. Handlova — Hornd Stubiia 45 000 m3/km, Veseli n/Moravou —
Nové Mesto n/Vahom 52 300 m3, Cervena Skala — Margecany
32000 m?.

Smutnou bilanciou tejto stavby boli pocetné trazy. Ich pocet sa
vySplhal az na hodnotu 2 266, z ktorych 492 bolo tazkych a 35 smr-
telnych. Po stranke hygieny a ochrany zdravia neboli pomery na
stavbe az tak zIé. Ubytovne boli vybavené pitnou vodou, robotnici
sa stravovali v kantinach, varilo sa v 6 kuchyniach, tuneldri mali
nepremokavé obleky, k dispozicii bolo 7 suSiarni pracovnych ode-
vov. K zariadeniu staveniska patrilo aj 5 sanitnych miestnosti vyba-
venych najpotrebnejsimi liekmi a obvézmi. Okrem toho boli trvalo
k dispozicii 3 sanitky. Impozantny je aj udaj o pocte ubytovni

Obr. 2 Portdl Cremosnianskeho tunela z banskobystrickej strany pri sldv-
nostnom otvoreni trate v r. 1940 (Kukucik, 2002)
Fig. 2 Cremosné tunnel portal from the Banskd Bystrica side during the

inauguration of the railway track in 1940 (Kukucik, 2002)
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a miestnosti pre robotnikov, dozorcov stavby. Bolo ich celkom 220
z ktorych 118 si vybudovali podnikatelské firmy a postavenie
102 barakov financoval investor.

Stavbe nepriali ani hydrometeorologické pomery. Uz tudaj
o maxime teplotného rozpitia +34 az —-31 °C je sam osebe dost
vystrazny. Poc¢as tuhej zimy v roku 1939/40 pri poklese vonkajsej
teploty —31 °C i v dlhych tuneloch klesala teplota hlboko pod bod
mrazu. V jednom z nich, dlhom 1 131 m, namerali —16 °C. Pre zIé
poveternostné podmienky sa stavebné price zastavili v dhrnnom
pocte na 482 dni, z toho v zime na 151 dnf a v lete pre diZd na
331 dni.

Stavba sa v roku 1936 za&inala pod gesciou Ustrednej stavebnej
spravy Ministerstva dopravy v Prahe. Hlavné vedenie stavby od
roku 1939 prevzal orgdn rovnakého mena, zmenilo sa iba sidlo, kto-
rym sa stala Bratislava. Miestne vedenie stavby prevzala Stavebna
sprava SZ v Banskej Bystrici. V ¢ase dokon&ovania stavby predsta-
voval vedenie stavby tento persondl: 1 prednosta, 6 samostatnych
veducich, 3 prideleni stavbyveduci, 1 komisar vykupu, 1 geometer,
1 konStruktér , 1 uctovnik a 33 pomocnych sil.

Cela stavba bola rozdelend na 6 stavebnych tsekov. Stavebné
useky boli pridelované zhotovitelom na zdklade verejnej sttaze
a kazdy usek zo strany hlavného vedenia bol zvereny samostatnému
stavbyvedicemu. Z plejady zhotovitelov za zmienku stoja viaceré
podnikatelské subjekty, napospol prazskej proveniencie. Medzi nimi

LITERATURA / REFERENCES

20. rocnik - €. 4/201

je zo stavby slovenskych Zelezni¢nych tunelov v medzivojnovom
obdobi najviac zndmy Ing. Zd. Kruli§, ktorému boli zverené tuneldr-
sky najobtiaZnejsie stavebné tseky &. 5, &. 6a a 6b. Usek &. 1 budo-
vala firma ,,Posista” dsek ¢. 2 Ing. J. V. Velflik, Ing. J. Zaruba-
Pffefermann, Ing. J.Schwarz a spol., isek ¢. 3 Lanna akc. spol.
a usek €. 4 Ing. B. Hlava.

V zavere exkurzu do historickej Zelezni¢nej stavby mozZno uviest’
este aj takiito zaujimavost. Ked jedna z povstaleckych skupin pocas
SNP pod tlakom nemeckej armddy ustupovala harmaneckym ddo-
Iim a na svoju zdchranu prechodom do Turcianskej kotliny chcela
vyuzit Cremo3niansky tunel, Nemci pri severnom portali zo strany
Turca povstalcom zahatali tnik. Navrat do Harmaneckej doliny uz
tieZ nebol mozny, lebo dolinu blokovali postupujice nemecké jed-
notky. Niektorého z nich vtedy napadla spasonosnd myslienka vyu-
7it'na tnik z tunela vetraciu Sachtu. Unik sa podaril, zachrénilo sa
tak niekolko desiatok povstalcov. Vetracia Sachta tak splnila tplne
ind dlohu, na ktord jej stavitelia urcite ani nepomysleli. Zachranené
Zivoty pocas vojny sa tak stali protivahou obeti pocas budovania
trate. Tento priklad nezamyslaného dobra tunelov urcite nie je cel-
kom ojedinely. Odporcom stavby tunelov by sa mohli pripomentt’
aj takéto a podobné priklady ich vyuZitia.

ING. JOZEF FRANKOVSKY, (beata.voskarova@skanska.sk),
ING. JAN GATIAL, (jan.gatial @skanska.sk), Skanska SK, a. s.
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AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTION

CESKA REPUBLIKA

SOUBOR STAVEB MO V USEKU
MYSLBEKOVA - PELC-TYROLKA

TUNEL SPEJCHAR - PELC-TYROLKA
(KRALOVSKA OBORA)

S blizicim se koncem roku finiSuji i préce na definitivnim osténi, tak aby bylo
moZno stavbu predat pro montdZ technologického vybavent tunell. V severni
tunelové troubé bylo dokonceno definitivni osténi téméf celého dvoupruhové-
ho tunelu, zbyva dokoncit poslednich 5 sekci horni klenby nouzového zélivu.
Tim mohl byt odstaven jeden dvoupruhovy bednici viz. V 3 pruhovém tunelu
STT se dokonCuje betondZ poslednich dvou mostovek, na horni klenb¢ zbyva
polozit hydroizolace na 10 sekcich, armaturu a betondz na 15 sekcich.

Dile finiSuji i prace na definitivnim osténi vzduchotechnickych objekta.
V propojovacim kandlu SO 9021.03, ktery dosud slouzil jako dopravni cesta
pro zésobovéani materidlem, se provadi pokladka hydroizolace a armatury
horni klenby. Definitivni osténi horni klenby propojovactho kandlu SO
9021.04 je kompletni, stejné tak délici sténa do 6. sekee, v sekceich 7 az 9 pro-
bihd vystavba pretocené pricky. Je dokonceno definitivni osténi v nejvétsim
objektu, strojovné vzduchotechniky SO 9021.05, kde probihd montaz jetabo-
vé drdhy a zaCiaji se provadet vnitrni konstrukce. Definitivn{ osténi je rovnez
dokonceno v objektech SO 9021.06 (TGC 5), vzduchotechnickych kandlech
SO 9021.07 a SO 9021.08. V SO 9021.06 probihd betondz vnitinich kon-
struket, v SO 9021.07 se dokonCuje betondz délici stény a v SO 9021.08 je
délici sténa dokonéena.

V souCasné dobe probihd realizace definitivniho osténi TP14 u nou-
zového zilivu, které je tvoreno stifkanym betonem realizovanym na f6lio-
vou hydroizolaci. Pfipravuje se provadéni definitivniho osténi TP13, které

THE CZECH REPUBLIC

CITY RING ROAD STRUCTURES:
MYSLBEKOVA — PELC-TYROLKA

SPEJCHAR - PELC-TYROLKA TUNNEL
(KRALOVSKA OBORA PARK)

With the end of year approaching, works on the final lining are
finishing in order to hand over the structure for installation of tunnel
technology. The final lining has been completed almost all down the
two-lane tunnel length of the northern tunnel tube; there are just five
last sections of an emergency lay-by vault to be finished. This enabled
removing one two-lane tunnel shutter from operation. In the three-lane
tunnel of the northern tunnel tube, the last two road sections are being
completed. The vault membrane is to be installed in 10 sections, and
reinforcing steel and concrete in 15 more sections.

Works on the final lining of ventilation facilities are also finishing.
Insulation membrane and reinforcement of the vault is installed in the
interconnection duct SO 9021.03, which has been used as the materi-
al transport path so far. Final lining of the upper crown of the inter-
connection duct SO 9021.04 is complete, as well as the partition wall
into section 6; twisted partition is being constructed in sections 7 to 9.
Final lining has been completed in the biggest structure - the ventila-
tion machine hall SO 9021.05 where the crane track is currently instal-
led and internal structures are constructed. The final lining is also
being completed in objects SO 9021.06 (TGC 5), and in the ventilati-
on ducts SO 9021.07 and SO 9021.08. Internal structures are concre-
ted in SO 9021.06, the partition wall concreting is being finished in



20. rocnik - €. 4/201

bude tvoreno monolitickym betonem a od trovné mezistropu stikanym
betonem.
VITT 2 pruh i 3 pruh jsou dokonceny mazaniny v technickych chodbéch,
v STT jeste probihaji. Déle se provadéji tpravy povrchi a nétéry JTT a STT.
Préce probihajf v souladu s platnym harmonogramem stavby.

TUNEL MYSLBEKOVA — PRASNY MOST (BRUSNICE)
Razby véetné spodni klenby a vyprofilovéni tunelu byly dokonceny k 1.

z4i1 2011. Od té doby probihaji v tunelu préce na definitivnim osténi tunelo-
vych trub. BetondZe osténi v STT jsou témér dokonceny s vyjimkou portalo-
vého bloku €. 1, ktery by mél byt vybetonovan do poloviny listopadu. Potom
bude tunelové forma presunuta z STT do JTT a bude kontinudlné pokraco-
véano s vystavbou téchto sekei definitivniho osténi. Spodni klenba je v JTT
betonovana v predstihu jiz od poloviny zafi. V soucasné dobé je provedeno
220 metra kompletniho dna. V predstihu pied betondZemi jsou provéadény
izolatérské a armovaci préce.

Spodni klenba VZT kandlu je kompletné dokoncena a u horn{ klenby
schézi jeden blok. Probihd priprava pro betonaZ prechodového bloku mezi
VZT kandlem a Sachtou. Tento atypicky blok bude vyZadovat provedeni
samostatného tesarského bednéni.

PRODLOUZENI TRASY METRA V.A

Po dokonceni montaZe na konci ¢ervna se také druhy mechanizovany stit
S-610 vydal na cestu ke stanici Petfiny a dne 12.7. 2011 zahdjil razbu PTT.
Mezitim prvni §tit S-609 dorazil po 2,5 mésicich razby ke stanici Petfiny.
Dne 11.8.2011 byla zaznamendna historicky prvni prorazka EPBS v Ceské
republice pranikem razici hlavy do levého opérového tunelu stanice. Jeho
prikladu pak nasledoval §tit S-610 po 2 mésicich razby. Oba tunelovaci stro-
je, pomoci nichZ je provddéna razba jednokolejnych tratovych tunelt, mély
moznost dockat se nemalého medidlniho zdjmu. Stalo se tak na prordzkach
do stanice Petfiny. Jako prvni se této pocty dockal stroj Tonda (S609), ktery
razi levy tratovy tunel metra. Slavnostni okamzik prordzky si nenechali ujit
prazsti radni v Cele s primdtorem Svobodou i feditelt na vystavbé zicastné-
nych spole¢nosti. Dne 19. z4fi se do stanice prorazila i Adéla. V té dob¢ méla
za sebou témef pétisetmetrovy tsek vyrazeného tunelu, na kterém se poda-
filo dosdhnout denniho vykonu az 24 metrti, k ¢emuz kromé pfiznivé geo-
logie prispélo i vyuZzivani zkuSenosti, které osddky ziskaly pfi pracich
s Tondou. Adéla nyni bude ¢ekat na dokonceni betonovych konstrukef nut-
nych pro protaZen{ stanici a poté zapocne s razbou tratového dseku Petriny
— Veleslavin. Stity tsek ze $achty na BREI ke stanici Petfiny razily pres
polohy subhorizontalné uloZenych vrstev jiloven a piskoveu. Na Eelbé byly
zaznamenény piitoky vody od 1 do 10 litrd, vyjimecné az k 15 litram za
sekundu. Po dokonleni razeb LTT a PTT se predpoklddalo, Ze oba §tity se
presunou po vybetonovanych luzkédch predem vyraZenymi opérovymi tune-
ly jednolodni stanice Petiiny. Prvni ze §titd Tonda pak 5. fijna opét zahdjil
razbu LTT od stanice Petfiny ke stanici Veleslavin, kde si jiz sta¢il vylepsit
svij maximdln{ dennf vykon na 27 m. Druhy ze §titi Adéla se v dobé sepsd-
ni této informace posunuje stanici Petfiny s cilem, aby na zacdtku listopadu
zahdjil razbu PTT.

Ve stanici Petfiny je prvni etapa vystavby ukoncena. Oba bo¢ni vyruby
byly s pfedstihem vyraZeny a zaji§téna tak moZnost protaZeni stroji EPBS
stanici. Po dobu provozu technologie EPBS v prostoru stanice bude
s omezenim raZena kalota stfedniho vyrubu jednolodni stanice. Dalsi razi-
cf Cinnost ve stanici je zcela zdvisld na postupech §titd a vyklizeni opéro-
vych tuneld od logistiky EPBS. Uplné uvolnéni stanice od dopravy
a technologickych taht za Stity se predpoklddd na jafe pristiho roku.
Z téchto davodu je pozornost stavby upfena na razby doprovodnych objek-
th stanice, tj. na vétraci Sachty a na eskaltorovy tunel. Sachta je tésné pred
dokon&enim primarniho osténi. Razba ET bude zahdjena zacdtkem listopa-
du. Vsechny objekty stanice Petfiny, které jsou podle HMG na kritické
cesté, jsou dokonéeny a HMG je tak naplnovén s predstihem.

Ve stanici Veleslavin se razi bo¢ni stani¢ni tunely. V dobé uzdvérky C&isla
bylo na levém stani¢nim tunelu vyraZeno 89 m a na pravém 64 m. Oba sta-
nién{ tunely budou ukonCeny ve staniceni 100 m, poté se provede jesté
zardzka pro EPBS, opérné prstence a luzka pro protaZeni obou stroju.

Tim by mélo byt umoZnéno na konci prosince a zacdtkem roku 2012
vlastni protaZeni EPBS. Prdce na razbach stanice potom budou preruseny az
do zajeti stroju za jamu E2 a ndslednému prepojent technologie, tedy asi do
kvétna 2012. Do t¢ doby budou razi¢ské osddky Subterra, a. s., vedené

SO 9021.07, and the partition wall has already been completed in SO
9021.08.

At present, final lining is being constructed in TP14 near the emergen-
cy bay, which is executed as shotcrete on membrane waterproofing. The
final lining of TP13 is being prepared. It will consist of monolithic conc-
rete and - starting from the intermediate ceiling - of shotcrete.

In the southern tunnel tube (both on the two- and three-lane tunnels),
concrete floors in technical corridors have already been completed. The
works are still in progress in the northern tunnel tube. Furthermore, surfa-
ce treatment and paint works are being carried out in both the southern and
northern tunnel tubes.

The works are proceeding in accordance with the valid construction
schedule.

MYSLBEKOVA - PRASNY MOST TUNNEL (BRUSNICE)

Driving including the invert and tunnel scaling, was completed on 1
September 2011. Since then, work on final lining construction has conti-
nued in the tunnels. Concreting of the lining in the northern tunnel tube is
almost completed with the exception of portal section No. 1, which should
be completed by mid-November. The tunnel shutter will then move from
the northern to the southern tunnel tube and work on final lining sections
will continue there. The invert in the southern tunnel tube has been finis-
hed since mid- September. 220 meters of complete invert have already
been completed. Waterproofing and reinforced steel have been installed in
advance of the concreting works.

The lower vaults of the ventilation duct have been completed and only one
section of the top vault is missing. Concreting of the transition section betwe-
en the ventilation duct and the shaft is being prepared. A custom made form-
work will have to be manufactured for this non-standard section.

V.A METRO LINE EXTENSION

Once assembled at the end of June, the second mechanized shield S-610
set off on its journey towards Petfiny station and, on 12 July 2011, it com-
menced with driving the right tunnel. In the meantime, the first shield S-
609 arrived at Petfiny station after 2.5 months of work. On 11 August
2011, the first EPBS breakthrough in the history of the Czech Republic
took place, when the shield arrived at the left bench tunnel of the station.
The second shield (S-610) followed its example after two months of work.
Both tunnel boring machines, which are used to drive the single-track tun-
nels, were subject to considerable media interest. This was the case during
the breakthrough into Petfiny station. The S609 shield (known as Tonda),
which is driving the left track tunnel, was the first one to be honored this
way. This festive moment of the breakthrough was a can't miss event for
the representatives of Prague led by the mayor, Mr. Svoboda, as well as for
the managers of the construction companies. The second shield, called
Adéla, arrived at the station on 19 September. At that time, it had driven
almost five hundred meters, and daily advance rates reached up 24.0
meters - in particular thanks to the favorable geology and also thanks to the
experience the crews gained on the Tonda shield. Adéla now must wait for
completion of the concrete structures necessary for pulling it through the
station and it will then continue driving the Petfiny — Veleslavin section.
The section between the BREI shaft and Petfiny station was driven
through layers of subhorizontally deposited claystone and sandstone for-
mations. Water ingress between 1 and 10 liters per second (and occasio-
nally up to 15 liters per second) was registered at the face. It is expected
that after driving the left and right tunnel tubes, both shields will be moved
over concreted floors through bench tunnels of Petfiny single-aisle station.
The first shield - Tonda - resumed works on the left tunnel tube between
Petiiny and Veleslavin stations on 5 October, having already improved its
maximum daily advance to 27.0 m. While writing this article, the second
shield - Adéla - is being pulled through Petfiny station in order to be able
to start driving another right tunnel tube section at the beginning of
November.

The first construction phase in the Petfiny station has already been com-
pleted. Both side excavations had been completed in advance in order to
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manaZerem projektu ing. Panuskou provadét tinikovy objekt ze stanice, coz allow for EPBS shields pulling through the station. The central top heading
bude obnéset hloubeni jamy a razbu Stoly. of the single-aisle station will be driven (with certain limitations) during

, . the period of EPBS technology presence in the station. Other driving
DALNICE D8 - 805 ~ LOVOSICE — REHLOVICE works in the station are totally independent of the advance of the shields

Na stavbé ddlnice D8 — 0805 Lovosice — Rehlovice probéhla dne 4. 8. and from clearing the bench tunnels of EPBS logistics. The station should
2011 slavnostni a pfi soutasném dokonéeni definitivnich obezdivek tedy be completely free of transport and shield back-up technology by next
odloZend prordzka obou tunelovych trub, a to na prazském portdlu tunelu spring. For these reasons, attention is currently primarily being paid to
Radej¢in. Nasledné byly na prazském portélu provadény vykopy a podkladni work on the auxiliary parts of the station, i.e., ventilation shafts and the
betony pro jizni tunelovou troubu v hloubené ¢asti tunelu. V hloubené ¢dsti escalator tunnel. The primary lining of the shaft is nearly completed.
tsteckého portélu se provadi v dobé napséni piispévku betondz hornich kle- Construction of the escalator tunnel will start at the beginning of

neb jizni tunelové trouby. Na navazujicim tunelu Prackovice probihd zasyp

¢ November. All parts of the Petfiny station, which are on critical path accor-
konstrukef hloubenych dseku.

ding to the schedule, have been completed and the construction is thus

- ahead of schedule.

TUNELY VMO DOBROVSKEHO Side tunnels are currently being driven in the Veleslavin station. At the
VSechny stavebni price na tlvlnelech Jiz byly dokonéeny s vyjimkou time of the closing date, 89 m of the left station tunnel and 64 m of the right

pozdmiho vodovodu, ktery by mel byt hotovy do konce listopadu. Déle uz station tunnel were excavated. Both station tunnels will be completed once

budou probihat jen dokoncovact price na technologickém vybavent tunelu. chainage has reached 100 m; after that, initial excavation for EPBS, support
Soucasné se opravuji poskozené povrchové objekty. Ke dni uzdvérky rings, and beds for pulling both machines through the station.

oo évl b éas? e .jiCh “iv]’ylo opraveno .asi .50 %./Ty.t/o opravy Vbudou The tunnels should be ready for pulling the EPBSs through the station

postupne pokratovat i v dalSich letech, tak jak i doznivajf vlivy razby na at the end of December and at the beginning of 2012. Excavation works in

ovrchovou zdstavbu. . . . . .
P the station will be subsequently interrupted until both machines pass

TUNELY NA ZELEZNICNI TRATI behind the E2 construction pit and after the technology will be re-conne-
PRAHA - CESKE BUDEJOVICE cted, i.e., approximately until May 2012. Until then, the tunneling teams of
USEK: VOTICE — BENESOV U PRAHY Subterra a.s. led by ing. Panuska, the project manager, will construct esca-

) ] B ) pe facilities of the station consisting of shaft and gallery.
Préce na Zelezni¢ni koridorové stavbé se pomalu dostévaji do dalsi faze

své realizace. Novou planovanou hodnotou totiz bude kompletni dokonceni D8 MOTORWAY - 805 — LOVOSICE — BEHLOVICE
prvniho ze &tyr zde budovanych tunelt, a to Olbramovického, ktery bude

v listopadu preddn investorovi a do konce tohoto roku md byt jedna z jeho At the D8 motorway construction site — 0805 Lovosice — Rehlovice, 4
kolejf jiZ uvedena do provozu. August 2011 was the festival day of final lining completion and postponed
Tésné pred dokonCenim je také nejdel§i Zahradnicky tunel, a to véetné breakthrough of both tunnel tubes at Prague portal of Radejcin tunnel.
prislusejici tnikové $toly. Subsequently, excavation works and blinding concrete works were perfor-
med at Prague portal for the cut-and-cover tunnel section. At the time of
INZERCE writing this article, the top vault of the southern tunnel tube was concreted
in the cut-and-cover part of the Ustecky portal. Cut-and-cover sections of

Spoleénost Atlas Copco s.r.o. adjacent Prackovice tunnel were already backfilled.

hleda uchazece na pozici BRNO RING ROAD — DOBROVSKEHO TUNNELS

All construction works on the tunnels have already been completed

P rod u Ct M ana g er except the fire water supply pipeline, which should be finished before the

- end of November. After that, only finishing works on tunnel technology
for Underground Equipment will be performed.

Damaged buildings on the surface are currently being repaired. About
50% of the buildings have been repaired as of the closing date of this artic-
le. The repairs will continue in the future as the impact of the tunnels on

In this position you will be mainly responsible for:
' surface development will gradually fade away.

Product Marketing
- Market Intelligence
- Liaise with the Product Divisions
- Prepare and control sales and profit
- Make regular field and customer visits

TUNNELS ON PRAGUE - CESKE BUDEJOVICE RAILWAY
SECTION: "VOTICE — BENESOV U PRAHY"

Works on the railway corridor construction are gradually moving

In case you are interested in this position, towards the next phase. The next milestone will be the complete comple-
look for more information on www.atlascopco.com tion of the first of four planned tunnels - Olbramovicky. This tunnel will
or write to hana.randakova@cz.atlascopco.com be handed over to the investor in November and operation on one of its

rails should start before the end of the year.

o _ _ . The longest tunnel - Zahradnicky - including relevant escape gallery is
Atlas_ Copco s_Mlnmg and Rp;k Excavation Techmqu_e business area nearly completed.
provides equipment for drilling and rock excavation, a complete . o . .
range of related consumables and service through a global network. In contrast, concreting and other finishing works are still taking place on

The business area innovates for sustainable productivity in surface the Tomice I and Tomice II tunnels. The final lining in the Tomice I tunnel
and underground mining, infrastructure, civil works, well drilling and

geotechnical applications. Principal product development and manu- has already been complet.ed (W'.th. the exception of S{dewalks and r.’nult.l—
facturing units are located in Sweden, the United States, Canada, channel). These works will be finished after completion of concreting in
China and India. the nearby Tomice II tunnel. Handles, traction mains, and signs are cur-

rently installed here. In the Tomice II tunnel, both portals have been conc-
reted and final lining construction has been advancing from the exit
i ——— (Prague) portal. The final lining should be completed before the end of

m a)pm November. Landscaping is currently being completed at the entrance

(Budéjovicky) portal.
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Naproti tomu na zbyvajicich tunelech Tomice I a Tomice II je$te probiha-
ji betondze a dalsi dokonCovaci prace. Betondz definitivniho osténi tunelu
Tomice I je dokoncena kromé chodniki a multikanalu. Tyto préce se dodéla-
ji po dokonceni betondzi na sousednich Tomicich II. V soucasné dobé se zde
montuji madla, trakce a znaCeni. Na tunelu Tomice II jsou potom vybetono-
vany oba portdly a od jeho vyjezdového (prazského) probihd betondz defini-
tivniho osténi, kterd by méla byt hotova do konce listopadu. Na vjezdovém
(budéjovickém) portdle se dokonuji i terénni dpravy.

Vsechny préce na vSech vyse zminénych tunelech provadi firma Subterra,
a.s., s kolektivy vedenymi ing. Sponarem a ing. Németkem, a to v souladu
s harmonogramem stavby.

ZELEZNICNI TUNEL JABLUNKOV €. 2

Po obnoveni razeb jiz byly dokonCeny razby hornich bocnich Stol
v havarovaném udseku. Z podle projektem delené Celby tunelu byla Stola
A (levd horni) prorazena, zatimco u Stoly B (pravd horni) byl ponechdn
desetimetrovy celik. Stoly tak maji délku 117 m (A), resp. 107 m (B). Ze
Stoly E (stfed kaloty) bylo vyrazeno 10 m a ndsledné byla razba opét
v souladu s projektem zastavena. Slo jen o to dosahnout plné kaloty az do
stani¢eni 70 m, coZ se podafilo. Nyni probihd zpétné vyztuZeni kaloty
v dseku staniceni 70-12 m nosniky HEBREX, coZ jsou price, které by
mély trvat jesté cely listopad.

Az budou vyztuZovaci prace v daném tseku dokonceny, umozni to pro-
vést pribirku opéfi a protiklenby v primédrnim osténi az do stani¢eni 70, coZ
je nyni fakticky zacdtek zavaleného tseku s dokonc¢enymi hornimi bo¢ni-
mi §tolami A a B. Tyto prace by mély byt dokonceny k 1. tinoru roku 2012.
Zatim se plnéni harmonogramu pracovnikum firmy Subterra, a. s., vede-
nym ing. Stredulou dari.

ING. BORIS SEBESTA, sebesta@metrostav.cz, METROSTAV, a. s.,
ING. KAREL FRANCZYK, Ph.D., kfranczyk@subterra.cz,
SUBTERRA, a. s.

SLOVENSKA REPUBLIKA
TUNEL TURECKY VRCH

Stavba Zelezni¢ného tunela Turecky vrch diiky 1775 m pokracovala
v jesennych mesiacoch betondZami podkladnych beténov a chodnikov
s kablovymi trasami. BetondZ sekunddrneho ostenia v tuneli bola na
jesen ukoncend, zostdvaju betondZe ostenia unikovej §tolne, ktoré by
mali prebiehat’ pocas zimného obdobia. V tuneli zostdva na najblizSie
obdobie uz len realizacia pevnej jazdnej drdhy a potrubia poziarneho
vodovodu. Prvé kolaj Zeleznicného dseku Nové Mesto nad Vahom —
Zlatovee by mala byt uvedend do prevadzky v lete 2012. Investorom
stavby st Zeleznice Slovenskej republiky a zhotovitefom zdruZenie
vedené spolo¢nostou OHL 7S, a. s., pri¢om dal3fmi ¢lenmi zdruZenia st
Skanska SK, a. s., Vdhostav Sk, a. s., Doprastav, a. s. a Eltra, spol. s r. 0.

VYSTAVBA USEKOV DIALNICE D1 S TUNELMI

Po tom ako Ministerstvo dopravy, vystavby a regiondlneho rozvoja
ukoncilo v priebehu roku 2010 spolupracu na dvoch projektoch verej-
no — sikromného partnerstva (PPP) na vystavbu a realizaciu dialhic,
vldda SR ohldsila zdujem na pokracovani vystavby dialhice D1 Stan-
dardnym sposobom s kombinovanym financovanim z eurépskych fon-
dov a Statneho rozpoctu. V priebehu roku 2011 pripravila a vyhlasila
Narodna dialhi¢nd spolocnost, a. s., niekolko verejnych stitazi na tse-
koch dialnice D1, ktoré boli pévodne sticastou tzv. prvého baliku PPP
projektov. V septembri 2011 boli otvorené obdlky s ponukami na
vystavbu druhej Casti dseku Jdnovce — Jablonov pri meste Levoca
s tunelom Sibenik dlzky 600 m. Vyhodnotenie siitaZe a uzatvorenie
zmluvy s vybranym uchddzaCom sa ocakdva eSte v tomto roku.
V oktdbri bola vyhldsend sitaz na dsek D1 Hubova — Ivachnova, kto-
rej sticastou bude aj tunel Cebrat’s dizkou 2026 m. Termin na odovz-
dévanie pontk bol stanoveny na janudr 2012. Ak obidve stithZe pre-
behnt podla predpokladov, mohla by byt'v roku 2012 zacata vystavba
oboch spomenutych tunelov.

ING. MILOSLAV FRANKOVSKY, [frankovsky@terraprojekt.sk,
TERRAPROJEKT, a. s.

All works on all above-mentioned tunnels are being carried out by
Subterra, a.s. Teams are led by ing. §ponar and ing. Némedek and the con-
struction is on schedule.

RAILWAY TUNNEL JABLUNKOV NO. 2

Since resumption of construction work, excavation of upper side wall
drifts in the failed section have already been completed. From the face
divided according to the design, gallery A (top left) has been completely
excavated while a 10 cm rock section has been left in place in gallery B
(top right). Galleries thus are 117 m (A) and 107 m (B) long. 10 meters of
gallery E (central section of the top heading) have already been completed
and the works were subsequently interrupted in accordance with the
design. The aim was to excavate the full top heading up to the chainage of
70 meters. This has been achieved. The top heading between chainage 70
and 12 m is currently retroactively reinforced with HEBREX girders.
These works will continue until the end of November.

Once the reinforcing works are completed, it will be possible to exca-
vate the bench and invert in the primary lining up to the chainage of 70
meters, where the beginning of the collapsed section with completed upper
side wall drifts A and B is currently located. These works should be com-
pleted before 1 February 2012. Subterra's teams, led by ing. Stredula, are
currently on schedule.

ING. BORIS SEBES TA, sebesta@metrostav.cz, METROSTAYV, a. s.,
ING. KAREL FRANCZYK, Ph.D., kfranczyk@subterra.cz,
SUBTERRA, a. s.

THE SLOVAK REPUBLIC
TURECKY VRCH TUNNEL

Construction of the Turecky vrch railway tunnel, which will be 1,775 m
long, continued during the autumn by blinding concrete placement and by
construction of sidewalks with cable routes. Secondary tunnel lining had
already been completed in the autumn, it is still necessary to finish the
emergency gallery lining - these works will be performed during the win-
ter. In the near future, it is only necessary to finish the carriageway and fire
water distribution pipeline. The first track of Nové Mesto nad Védhom —
Zlatovce railway tunnel should be put into operation in Summer, 2012.
Investor of the construction project is Zeleznice Slovenskej republiky
(Slovak Railway). Contractors have established a consortium led by OHL
ZS, a.s., its other members are Skanska BS, a.s., Vdhostav - Sk, as.,
Doprastav, a.s., and Eltra, spol. s r.o..

CONSTRUCTION OF D1 MOTORWAY SECTION WITH TUNNELS

After the Ministry of Transport, Construction, and Regional
Development completed cooperation on two public-private partnership
(PPP) projects dealing with motorways construction in 2010, the Slovak
government announced interest in continuing with D1 motorway con-
struction in standard way using combined financing from the European
funds and from the state budget. During 2011, Ndrodnd dialni¢nd spoloc-
nost’ a.s. (National Motorway Society) organized and announced several
tenders for D1 motorway sections that had been originally part of so cal-
led first package of PPP projects. Envelopes with offers for construction of
the second part of Janovce — Jablonov close to Levoca town with Sibenik
tunnel (600 m) were opened in September, 2011. It is expected that the ten-
der will be evaluated and contract with selected bidder will be concluded
before the end of this year. Another tender for D1 section between Hubova
and Ivachnovd was announced in October. This section will comprise Ceb-
rat’ tunnel with the length of 2,026 m. Deadline for offers submission is in
January, 2012. If both tenders take place as expected, construction of both
tunnels could start in 2012.

ING. MILOSLAV FRANKOVSKY, frankovsky@terraprojekt sk,
TERRAPROJEKT, a. s.
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ZPRAVODAJSTVI CESKE TUNELARSKE ASOCIACE ITA-AITES
CZECH TUNNELLING ASSOCIATION ITA-AITES REPORTS

www.ita-aites.cz

ODBORNY ZAJEZD DO RAKOUSKA SPOJENY S VYJEZDNIM ZASEDANI REDAKCNI RADY CASOPISU TUNEL
PROFESSIONAL TRIP TO AUSTRIA COMBINED WITH THE TRAVEL MEETING OF THE EDITORIAL BORD

OF TUNEL MAGAZINE

After last year’s excursions in Germany to tunnels for the high-
speed railway between Erfurt and Ebensfeld and the factory of the
company Herrenknecht in Schwanau, in 2011, there was a pro-
fessional trip of CzTA to Carinthia in Austria. The journey took place
from 5 to 8 October 2011 and its main aim was the construction of
the underground pumped storage power station, Reisseck II.
Participants also visited the Grosser Miihldorfer See dam, which will
serve as the upper reservoir for the pumped storage power station,
and the very interesting mining museum in Klagenfurt.

Po lonskych exkurzich v Némecku na tunely vysokorychlostni Zelez-
nice mezi Erfurtem a Ebensfeldem a do vyrobniho zdvodu firmy
Herrenknecht ve Schwanau sméfoval v roce 2011 odborny zijezd
CzTA do rakouskych Korutan. Cesta se uskutecnila ve dnech 5. azZ 8.
fijna 2011 a jejim hlavnim cilem byla stavba podzemni precerpaci
vodni elektrarny (PVE) Reisseck II.

Pfi cest€ tam autobus s GCastniky projel rekonstruovanou puvodni
tunelovou troubou Tauernského tunelu, kterd byla znovu uvedena do
provozu v Cervnu 2011. Timto datem skoncil obousmérny provoz
v jedné troubé Tauernského tunelu. Nékteri dcastnici si mohli pripome-
nout exkurzi CzTA v fijnu roku 2009, ktera smérovala na tehdy dokon-
¢ovanou druhou troubu tunelu.

Prvnim mimorddnym zazitkem ve ¢tvrtek 6. 10. 2011 byla cesta na
stavenist¢ PVE Reisseck II. Autobus musel z tdoli feky Moll u mé-
stecka Ci vesnice Kolbnitz vystoupat na dvanacti kilometrech mnoha
serpentinami asi 1000 vySkovych metri. Nastésti pavodni Stérkova
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Obr. 1 PVE Reisseck II — cesta k usti pristupového tunelu do kaverny (foto
Premysl F. Kuchar)
Fig. 1 Excursion participants on the way to Reisseck II pumped storage
power station (photo courtesy of Premysl F. Kuchar)

cesta byla pro piijezd t€Zkych i rozmérnych ndklada na stavbu podstat-
né upravena, predevsim poloméry zataek byly zmirnény a silnice roz-
§itena. Dostala také novy asfaltovy povrch. Vyhled do ddoli vice a vice
pripominal pohled z okénka letadla.

Hlavni zafizeni stavenisté bylo vybudovdno v roce 2010 na boku
udoli Miihldorfer Graben ve vySce 1600 m n. m. Je dimenzované pro
250 osob a md vSe, co velkd stavby potfebuje véetné betondrny. Pro tu
se musi vSechno kamenivo dovéZet z tdoli, vytéZend rula nemé bohu-
Zel vhodné parametry.

V zasedaci mistnosti tcastniky nejprve jeden z vedoucich pracovni-
ku investora, kterym je Verbund Hydro Power AG, Dipl.-Ing. Manfred
Freitag, seznamil s koncepci a soucasnym stavem stavby. PVE Reisseck
II mimorddnym zpusobem doplni existujici skupiny vodnich elektréren
Malta a Reisseck I/Kreuzeck. Oba dosud hydraulicky nezavislé systé-
my propoji a tim zvysi jejich preCerpavaci kapacitu o 40 %. Elektrarna
bude zpracovdvat spad cca 600 m. Na stavbé se pracuje nepretrzit€
a termin uvedeni do provozu je stanoven na zafi 2014.

Kaverny
Elektrdrna Reisseck II je umisténa v rulovém masivu dobré kvality
s pouze mens§imi poruchami. Pristupnd je asi 200 m dlouhym tunelem
(obr. 1). Hlavni podzemni prostory PVE, jejichz vylom byl zahdjen
v breznu 2011, jsou:
« kaverna pro dve turbosoustroji, kterd je 58 m dlouhd, 25 m Sirokd a 43 m
vysokd (obr. 2). Jeji vylom byl ¢lenén na sedm vyskovych drovni;
e kaverna transformdtort (d — 60 m; § — 18 m; v — 15 m); vyrub byl
proveden ve dvou vyskovych drovnich.

Horni tlakovy pfivadéd

Razit se bude z prostoru pod Schoberboden platd, z mista které se
nachaz{ priblizné ve vysce 2200 m n. m. Od staveni$t¢ PVE se sem
musela vybudovat novd komunikace 6.4 km dlouhd s dvandcti serpen-
tinami. Po ni se dopravuji dily otevieného TBM, jehoz montdz probihd
v podzemni montdZn{ komore. Prumér fezné hlavy je 7,03 m. Privadéc
je dlouhy 3,58 km a vétSinu jeho délky vyrazi TBM. Nejprve md sklon
0,7 % a za armaturni komorou (18x12x12 m) se sklon zvySuje na 3 %.
Posledn{ &ast pro zatsténi (nacepovani) do existujici prehrady Grosser
Miihldorfer See je ve sklonu 17,1 %. Po dokonceni razeb se TBM
v hote rozmontuje a jednotlivé dily se dopravi zpét vyraZenym tunelem.

Podminky pro razbu otevienym TBM maji byt pfiznivé, v trase se ma
vyskytnou jen nékolik ne prili§ rozsahlych poruchovych zén.
Definitivni osténi bude betonové tl. 40 cm o vnitinim praméru 6,2 m.
Sikma tlakova Stola

Na horni tlakovy privadé¢ navaze Sikmé tlakova Stola o vnitinim pru-
méru 3,6 m. Md délku 1413 m, z toho na Sikmou &ést pripadd 817 m
a na vodorovnou 596 m. Méla byt razena TMB o profilu 43 m
i konvencné (vodorovnd ¢ast). Tuneldrsky praveé Sikma ¢ast predstavu-
je nejvetsi problém vzhledem k poruchovym zéndm. Definitivni kon-
strukce bude betonovd s ocelovym pancifem o vnitinim pruméru 3,6 m.

Po sezndment se stavbou si ticastnici prohlédli podzemni kaverny PVE.

Dalsi priibéh exkurze

V pétek méla exkurze pokracovat prohlidkou vysokohorské prehrady
Grosser Miihldorfer See nad staveni§tém PVE Reisseck, ale ¢asovy

Tab. 1 Zdkladni iidaje o lanovce Reissecbahn

Sekce 1 2 3

Zandlach - Schiitter | Schiitter —-Trog | Trog — Schoberboden
Délka 1185 m 1260 m 1130 m
Prevyseni 567 m 535 m 495 m
Primérné stoupani | 55 % (max. 82 %) 48 % 49 %
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Obr. 2 Pohled do kaverny strojovny PVE
Fig. 2 View of the cavern of the pumped storage power station machine room

plan byl zménén. Rakousti kolegové nds varovali, Ze se bliZi prudka
zména pocasi a prohlasovali, Ze zitra jak na stavenisti elektrarny, tak na
prehradé bude 30 cm snéhu. Z jejich predpovédi jsme byli trochu roz-
paciti, ale rozhodli jsme se patec¢ni program uskutecnit ihned, tj. ve ctvr-
tek odpoledne.

V tudoli Molltal nastoupili G€astnici v dolni stanici Zandlach do
vagonu pozemni lanovky Reisseckbahn, kterd je vyvezla z cca
700 m n. m. na stanici Schoberboden ve vySce 2237 m n. m.
Samotnd lanovka je dctyhodné dilo. Je tvofeno tfemi sekcemi, mezi
kterym jsou dvé prestupni stanice (obr. 3, 4). Lanovka byla postave-
na pro dopravu materidli na stavbu horskych piehrad a jeji prvni
sekce byla uvedena do provozu v roce 1950. Dnes slouZ{ turistim,
ale vedle toho zdsobuje horsky restaurant Reisseck a dopravuje
potiebné pro udrzbu prehrad (nad Grosser Miihldorfer See je jeste
prehrada Kleine Miihldorfer See).

Na kone¢né stanici Schoberboden se musi jesté prestoupit do vlacku,
ktery jede k horské restauraci. Nez na své 3,3 km dlouhé cesté vjede do
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Obr. 5 Pohled na prehradu Grosser Miihldorfer See
Fig. 5 View of the Grosser Miihldorfer See

Obr. 3 Prestupni stanice lanovky Reisseckbahn
Fig. 3 Transfer station of the Reisseckbahn funicular

& 4
Obr. 4 Kolejisté lanovky pod prestupni stanici
Fig. 4 Funicular tracks under the transfer station

tunelu dlouhého skoro 2 km, videli dcastnici zafizeni staveni§t¢ pro
horni tlakovy tunel, kam se dovéZzeji dily TBM. Pak museli tcastnici
zdolat asi 90 vyskovych metra, aby se dostali na korunu hrdze Grosser
Miihldorfer See (obr. 5). Do vnitiku prehrady se ov§em nedostali, pro-
toZe pravidelnd prohlidka se kond dopoledne v 10:00 hod.

Prichdzejici mlha signalizovala zménu pocasi. Pfedpovédi byly pres-
né. Pres noc na pdtek se silné ochladilo, v tddolich prielo a pres den
i snéZilo. Lanovka nejezdila a na stavenisti PVE Reisseck napadlo jisté
20 az 30 cm snéhu.

Nahradnim programem byla navstéva velmi zajimavého dulniho
muzea v Klagenfurtu (Muzeum v hofe — Das Museum im Berg).
Nachazi se v podzemnich prostorach a $tolach vyrazenych z byvalého
lomu na zelenou bridlici. Tato velmi kvalitni tvrdd hornina se pouZi-
vala od stfedovéku jako stavebni kdmen pro hradby a dalsi stavby
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Obr. 6 Paradoxides Bohemicus — zkamenélina z Cech v klagenfurtském
dulnim muzeu
Fig. 6 Paradoxides Bohemicus — Czech fossil at Klagenfurt mining museum
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v Klagenfurtu. TéZila se zde az do roku 1942, kdy bylo rozhodnuto * sekce hornickd — prezentuje velmi bohatou historii rudného hornic-
vyrazit z lomu podzemni prostory pro protiletecky ukryt. Zachrénilo se tvi v Korutanech i obledeni, néstroje a zpusob Zivota diivéjsich
v ném v dobé ndlett tisice lidi. horniku;
Muzeum ma tri sekce: « paleontologicka sekce provede navstevnika 500 miliony let vyvoje
¢ velmi rozsahld a hodnotnd je mineralogicka sekce, jejimz zdkladem zemé; navitévnik z Cech zde nalezne i zkamenélinu ze své vlasti —
byla sbirka Ing. Franze Miillera; nejvét§im expondtem je monokrys- Paradoxides Bohemicus (obr. 6).
tal koufového kiemene nalezeny v roce 1981 — je 1 m vysoky,
v obvodu md 1,5 m a vazi 200 kg; ING. MILOSLAV NOVOTNY, sekretdr CzTA ITA-AITES

ZAHAJENI PRIPRAVY 12. MEZINARODNI KONFERENCE PODZEMNI STAVBY PRAHA 2013

COMMENCEMENT OF THE PREPARATION OF THE 12™ INTERNATIONAL CONFERENCE:
UNDERGROUND CONSTRUCTION PRAGUE, 2013

The ITA-AITES Czech Tunnelling Association (CzTA) started to Ceské tuneldfskd asociace ITA-AITES (ddle CzTA) zahdjila pri-
prepare the already 12th International Conference Underground pravu jiz 12. Mezinarodni konference podzemni stavby Praha 2013,
Construction Prague, 2013, which will be held in Prague from 22nd ktera se bude konat v Praze od 22. do 24. dubna 2013. Pro konfe-
to 24th April 2013. The Clarion Congress Hotel Prague premises in renci byly opét zvoleny prostory hotelu Clarion Congress Hotel
Prague 9 — VysoCany were again chosen as the conference venue. Prague v Praze 9-Vysocanech. Soucasti konference bude i technickd
Parts of the conference will be a technical exhibition and a poster vystava a posterova sekce.
section. Predsedou organiza¢niho vyboru je Ing. Alexandr Butovi¢, Ph.D.,

Mr. Alexandr Butovi¢, PhD., is the chairman of the Organising a védeckou radu povede doc. Ing. Matous Hilar, Ph.D.

Committee; Mr. Matou$ Hilar, PhD. is in charge of the Scientific Organizacni agentura: Guarant International, s. r. 0., Opletalova
Council. 13, 110 00 Praha 1, e-mail: ps2013prague @guarant.cz.

Organisation Agency: Guarant International s. r. 0., Opletalova Spojenti na sekretaridt konference: ps2013@satra.cz
13, 110 00 Praha 1, e-mail: ps2013prague @guarant.cz. ING. MILOSLAV NOVOTNY, novotny@metrostav.cz,

Connection to the conference secretariat: ps2013 @satra.cz sekretdr CzTA ITA-AITES

EDICNI PLAN CASOPISU TUNEL NA ROK 2012
EDITORIAL PLAN FOR THE MAGAZINE TUNEL FOR 2012

Those interested in publishing and advertising in Tunel maga- Zajemce o publikovani a inzerovani v ¢asopise Tunel upozor-
zine should be aware that the deadlines in 2012 are as follows: nujeme, Ze terminy uzdvérek v roce 2012 jsou ndsledujici:

Issue 2/2012 — 26.3.2012; 3/2012 - 4.6.2012; 4/2012 - ¢is. 2/2012 — 26. 3. 2012; 3/2012 — 4. 6. 2012; 4/2012 - 14. 9.
14.9.2012 and no. 1/2013 has a deadline of 7.12.2012. 2012 a €. 1/2013 ma uzavérku 7. 12. 2012.

We must insist that you keep to these terms — articles are sub- Z4dame naléhavé o dodrZovani terminti — &linky prochdzeji
ject to editorial proceedings and are all translated into Czech!!! recenznim fizenim a v8echny jsou preklddany do anglického jazyka!!!

Note: articles including graphic attachments must be delivered Pozn.: do terminu uzdveérky musi byt doddny do redakce ¢lanky
to the editorial office by the deadline; column contributions and véetné grafickych priloh; prispévky do rubrik ¢asopisu a inzerdty
advertisements may be delivered around 4 weeks later. When mohou byt dodény asi o 4 tydny pozdéji. Pri ptipravé ¢lanka dodr-
preparing articles, follow the instructions for authors (these can Zujte pokyny pro autory (lze je nalézt na www.ita-aites.cz, kde
be found on www.ita-aites.cz, where you can also find the jsou i pokyny pro pfipravu inzerdtu).
instructions for preparing advertisements). ING. MILOSLAV NOVOTNY, sekretdi CzTA ITA-AITES

Pozvanka na odborny seminaf OlSanka 2012

ARCADIS Geotechnika, a. s., pofdda spolecné s Ceskou silni¢ni spolecnosti
dne 29 .2. 2012 jiz 16. odborny geotechnicky seminar, ktery se uskutecni v kongresovém centru hotelu OlSanka v Praze 3.
Letosnim hlavnim tématem semindfe budou

Pfechody mostd pozemnich komunikaci

0dbornym garantem semindfe je Ing. Vitézslav Herle z ARCADIS Geotechnika, a. s.
Seminar je urcen predevsim projektantim inZenyrskych a dopravnich staveb, pracovnikiim investorskych organizaci
a zhotovitelskych stavebnich firem, inZenyrskym geologim i geotechnickym specialistim. Seminaf je zafazen do projektu
celozivotniho vzdélavani CKAIT a bude pravdépodobné hodnocen jednim kreditnim bodem.
Soucdsti semindfe bude doprovodnd vystavka odbornych firem.

Na seminafi bude predneseno osm prispévki véetné predndsky
Transit zones earthworks - structure. Spanish experience and innovations
(Pfechodové oblasti ze zemnich téles na konstrukce. Spanélské zkusenosti a inovace)
kterou prednese spanélsky odbornik Dr. Francisco Cabrera Jerénimo, ADIF, Ministerstvo stavebnictvi, Spanélsko
Pozvanky vcetné zavaznych pfihlasek budou rozesilany béhem ledna 2012. Vice informaci najdete na

www.arcadisgt.cz




