CASOPIS CESKEHO TUNELARSKEHO KOMITETU
A SLOVENSKEJ TUNELARSKEJ ASOCIACIE ITA/AITES
PODZEMNI STAVBY (VYVOJ, VYZKUM, NAVRHOVANI, REALIZACE)

10. ROCNIK, &. 2/2001

~;a

MAGAZINE OF THE CZECH TUNNELLING COMMITTEE
AND SLOVAK TUNNELLING ASSOCIATION ITA/AITES
UNDERGROUND CONSTRUCTIONS (DEVELOPMENT, RESEARCH, DESIGN, REALIZATION)

E////////////////m—




METROPROJEKT

1971 - 2001

METROPROJEKT Praha a.s. |
driitel Certifikdtu jakosti dle 1S0 9001 - Quality Certificate Holder
VAS PARINER V PROJEKTOVE YOUR PARTNER FOR CONSULTING
A KONZULTACNI CINNOSTI & DESIGN |
projekty staveb: focus of our activities:
metro metro
ramvajove traté tram tracks
zeleznicni koridory railways
silnice roads, highways
tunely tunnels

industrial halls
urban infrastructure
residental houses

prumyslove stavby
méstska infrastruktura
bytové objekty
obchodni a administrativni centra

b
METROPROJEK gf.ﬁ{wii%@&g R i
- =4 n IL-_-_- . " o ! v

L.P.Pavloval786/2;12




10. ROCNIK, &. 2/2001
MK CR 7122
ISSN 1211 - 0728

lune

Casopis Ceského tunelafského komitétu
a Slovenskej tunelarskej asociacie ITA/AITES
ZaloZen Ing. Jaroslavem Granem v roce 1992

OBSAH str.

Uvodnik: Ing. Jiff Pokorny, generalni feditel, METROPROJEKT Praha, a.5. . ..., .. 1
Historie vzniku a rozvoje Metroprojektu

Ing. Miroslav Kupka, METROPROJEKT Praha, 2.5, ... 2
Jak zacalo projektovéni tuneli metra v Praze

Ing. Karel Zavora, METROPROJEKT Praha, a.s. . ...... o, 4

Architektura tunelovych staveb prazského metra

Ing. arch. EvZen Kyllar, hlavni architekt prazského metra v letech 1976 - 1985 .. . .10
Modelovani vllvu podplrnych technologickych opatfeni na redukci

deformaci tunelového nadlozi

Prof. Ing. Jifi Bartak, DrSc CVUT FSv, Ing. Matou$ Hilar, M. Sc., SATRA, s.ro. .. .14
Tradice a souéasnost v budovani velkoprostorovych podzemnich objektt

firmou SUBTERRA

Ing. Michal Grambli¢ka, Ing. Jifl Krajicek, SUBTERRA, as. . .. .. ST 60 a6 Sl
Reseni tunelovych tsekl s nizkym nadlozim metodou "Zelva®

Ing. Petr Svoboda, Ing. Libor Mafik, ILF CONSULTING ENGINEERS, s.ro. .......28
Vétrani tuneld metra a sliniénich tuneld

Ing. Miroslav Novak, METROPROJEKT Praha, @8, .. .c.vvvvnnivinonnrn 34

Elektricka energie v podzemnich liniovych dopravnich stavbach
s elektrickou stejnosmérnou (DC) trakei

Miloslav Riha, METROPROJEKT Praha, a.5. ... ...........ovoinseaseess, 38
Energeticky systém prazského metra

Ing. Vladimir Seidl, METROPROJEKT Praha, as. ...................... ... 42
Uloha a funkee televizniho a radlového zafizeni v podzemnl dopravni stavbé

Ing. Vlasta Bolomovd, METROPROJEKT Praha, a.s, ..... Srerelatarale)e)s ST a0

Podzemni stavby a zdravotné postizeni
Petr Lnéni¢ka, METROPROJEKT Praha, a.s., a Sjednocena organizace

nevidomych a slabozrakych . ..... ... . .. 46
Pohyblivé schody a vytahy - vyznamn4 zafizeni podzemnich staveb

Ing. Jaroslav Vieulzoeuf, METROPROJEKT Praha, 8.8, . ...vvvvnevnn v on 51
Technické zajimavosti . ... ..................... ++53
Z éinnosti odbornych spolecnosti zainteresovanych do podzemmch staveb 12305
Kalenddrium ITA/AITES . . . ... ... ... .. .. ... . . i i 06

REDAKCNI RADA

Predseda: Ing. Petr Vozarik - METROSTAV, a.s.

Prof. Ing. Jif{ Bartak, DrSc. - CVUT

Ing. Igor Fry¢ - POHL cz, a.s.

Ing. Milan Krejcar - INSET S.1.0.

Ing. Josef Kutil - INZENYRING DOPRAVNICH STAVEB, a.s.

[ng. Libor Maffk - ILF CONSULTING ENGINEERS, s.r.o.

Ing. Miloslav Novotny - METROSTAYV, a.s.

Ing. Pavel Polak - METROSTAV, a.s.

Doc. Ing. Pavel Pribyl, CSc. - ELTODO, a.s.

Ing. Georgij Romancov, CSc. - METROPROJEKT Praha, a.s.

Ing. Richard Stiuparek, CSc. - Ustav geoniky AV CR

Ing. Véclav Torner - AQUATIS, a.s.

Ing. Miroslav Uhlik - SUBTERRA, a.s.

CTuK ITA/AITES: Ing. Karel Matzner

STA ITA/AITES: Ing. Miloslav Frankovsky - TERRAPROJEKT, a.s.
Ing. Peter Dinga - GEOCONSULT, s.r.0.
Ing. Ondrej Vida - BANSKE STAVBY, as.

VYDAVATEL
Cesky tunelafsky komitét a Slovenska tuneldrsk4 asocidcia
ITA/AITES pro vlastni potfebu

REDAKCE

Délnick& 12, 170 04 Praha 7

tel./ffax: +420-2-667 93 479

e-mail: matzner@metrostav.cz

internet: http://www.ita-aites cz

Vedoucf redaktor:  Ing. Karel Matzner

Odborni redaktofi: Ing. Milostav Novotny, Ing. Pavel Polék,
Ing. Jozef Frankovsky

Graficka Uprava: Petr Migek
Tisk: GRAFTOP

Foto na obélce:
Perspektiva nastupisté jednolodni stanice Kobylisy




VOLUME 10, No. 2/2001
MK CR 7122
ISSN 1211 - 0728

Tunel

Magazine of the Czech Tunnelling Committee
and the Slovak Tunnelling Association ITA/AITES
Established by Ing. Jaroslav Gran in 1992

CONTENTS pg.

Editorial: Ing. Jiti Pokorny, General Manager, METROPROJEKT Praha, a.s. ... .. .1
The history of origin and development of METROPROJEKT

Ing. Miroslav Kupka, METROPROJEKT Praha, 8.s. - ..o 2
How the designing of the Prague melro tunnels started

Ing. Karel Zavora, METROPROJEKT Praha, 8.8, . ... ..o oot 4

Architecture of tunnel structures of the Prague metro

Ing. arch. EvZen Kyllar, chief architect of the Prague metro within the years

TS = YIS o6 60 00 o crb oo $o o oBa 0000006666606 0000001500400 6y 10
Modelling of the effect of supporting technical measures on reduction

of tunnel overburden deformation |
Prof. Ing. Jifi Bartdk, DrSc.,CVUT FSv, Ing. Matous Hilar, M. Sc., SATRA, s.ro. .. .14
Tradition and the present in building up large space underground structures |
by SUBTERRA, a.5.

Ing. Michal Gramblicka, Ing. Jifi Krajicek, SUBTERRA, a.s. .. . ... ovouuv. .24
Shallow tunnel sections constructed by the "Turtie" method

Ing. Petr Svoboda, Ing. Libor Mafik, ILF CONSULTING ENGINEERS, s.r0. ... ... .28
Ventilation of metro and road tunnels

Ing. Miroslav Novak, METROPROJEKT Praha, a.s. . .. cwandd

Electric power in underground transport-related line structures with direct
current (DC) electric traction

Milostav Riha, METROPROJEKT Praha, a.s. ..... .. . S o)
The Prague metro power system

Ing. Viadimir Seidl, METROPROJEKT Praha, a.s. ............. o 42
The role and function of television and wireless facilities in an

underground structure

Viasta Bolomovd, METROPROJEKT Praha, a.s. ...... .. A O e )
Underground structures and the disabled

Petr Lnéni¢ka, METROPROJEKT Praha, a.s., and Czech Blind United .. ... ... .46
Escalators and elevators - important equipment of underground structure

Ing. Jaroslav Vieulzoeuf, METROPROJEKT Praha, as. 33 e alalele 51
Technical matters of interest .. .. ... .. A0 T A G s 53
Activities of professional corporations interested in underground

construction, wayaiiiamiaing . Aaaisalaalalad 5 56 T O i P Tt A
Calendar of ITAJAITES SEEiazs * v e hraala an, o i atsteraratats | oo it s e tei=atera00)

EDITIORAL BOARD |

Chairman: Ing. Petr Vozarik - METROSTAY, a.s.

Prof. Ing. Jifi Bartak, DrSc. - CYUT

Ing. Igor Fry¢ - POHL ¢z, a.s.

Ing. Milan Krejcar - INSET, s.r.0.

Ing. Josef Kutil - INZENYRING DOPRAVNICH STAVEB, a:s.

Ing. Libor Matik - ILF CONSULTING ENGINEERS, s.r.o.

Ing. Miloslav Novotny - METROSTAV, a.s.

Ing. Pavel Polak - METROSTAV, a.s.

Doc. Ing. Pavel Pribyl, CSc. - ELTODO, a.s.

Ing. Georgij Romancov, CSc. - METROPROJEKT Praha, 4.5,

Ing. Richard Sriupdrek, CSc. - Ustav geoniky AV CR

Ing. Véclav Torner - AQUATIS, a.s.

Ing. Mirostav Uhlik - SUBTERRA, a.s.

CTuK ITA/AITES: Ing. Karel Matzner

STA ITA/AITES:  Ing. Miloslav Frankovsky - TERRAPROJEKT, a.s. |
Ing. Peter Dinga - GEOCONSULT, s.r.0.
Ing. Ondrej Vida - BANSKE STAVBY, a.s. |

PULISHED FOR SERVICE USE
by the Czech Tunnelling Committee and the Slovak Tunneling
Association ITA/AITES

EDITORIAL OFFICE

Déinicka 12, 170 04 Praha 7

tel.ffax: +420-2-667 93 479

e-mail: matzner@metrostav.cz

internet: hitp://www.ita-aites cz

Editor-in-chief: Ing. Karel Matzner

Technical editors:  Ing. Miloslav Novotny, Ing. Pavel Polak,
Ing. Jozef Frankovsky

Graphic designs: Pelr MiSek
Printed: GRAFTOP

Cover photo:
Perspective of the Kobylisy single-bay station |

.




r

. 10. ROCNIK, ¢&. 2/2001

Tunel

VAZENI A MILi CTENARI,

jsem velice rdd, Ze naéi spole¢nosti byla poskytnuta moznost kom-
plexni prezentace v &asopise, ktery je velmi dobfe zapsén nejen
u véech odbornikl, ktefi se profesionalng zabyvaji podzemnim stavi-
telstvim, ale i v daleko $ir3f odborné vefejnosti. Nage akciov4 spole¢-
nost vdécl za svllj zrod a mohutny vzestup té skutednosti, Ze hlavni
mésto Praha koncem $edesatych fet minulého stoleti potfebovalo co
nejrychleji zrealizovat podzemnf drahu. Casem tento stimul slabl
a poc¢atkem devadesatych let se dotasné témér vytratil. Pfesto jsme,
jako mnohé jiné spole¢nosti v obdobném postaveni, v téchto obtiznych
dobach nejen nezanikli, ale transformovali se takovym zpusobem, Ze
se dnes muzeme sméle postavit na Uroved kterékoli renomované pro-
jektové spole¢nosti. Tato prohla8eni nejsou jen prazdna slova, ale jsou
doloZzena odbornymi ¢lanky, napsanymi naSimi pracovniky, které vam
v tomto &isle TUNELU (a pfipadné i v &islech dalsich) pfedkladame.
Vétsina autord téchto ¢lankl s Metroprojektem vyrostla a v8ichni jsou
¢tenafdm &asopisu dobfe znami. Maji za sebou ohromny kus projek-
tovych praci a stavby realizované podle jejich navrh( jiz diouh4 léta
slouZf anebo v dohledné dobé slouzit zatnou. Pfitom se nejednd jen
o metro, i kdyZ v celkovém objemu realizaci tvofi stale jesté nejvéisi
podil, ale i o dalsi stavby nebo jejich &asti, které jsou v podzemi nebo
v pfimé souvislosti s nim. Podzemni stavba neni jen tunel, ale je to cely
soubor dalsich objektd a zafizeni, ktera se do ni umistuji, aby fungo-
vala i v t&chto nestandardnich podminkéch bezporuchové a spolehlivé
dlouhd desetiletf.

METROPROJEKT Praha, a. s., v tomto roce slavi 30 let své existence.
Za téchto nékolik desitek let bylo vykonano mnoho prace. Cinnost nasi
spole¢nosti se oviem zdaleka neomezuje jen na pouhé projektovani,
pifpadné autorsky dozor pfi realizacich. Kolegové - tuneléfi z Cech,
Slovenska i dalsi ciziny jisté v&di, Ze Metroprojekt, jako jeden ze za-
kladajicich ¢lenl Ceského tuneldfského komitétu, prostfednictvim
svych nejlepsich odbornik( v této organizaci aktivné pisobi, a to viet-
né mezinarodnich aktivit organizovanych Mezindrodni tunelafskou
asociacf ITA/AITES a jejimi pracovnimi skupinami.

Kromé toho se v8ak nai pracovnici Ggastni aktivit i v celg fadé dalsich
organizaci - namatkou jen uvedu tunelafskou sekci Ceské silnicni
spolegnosti, Sdruzeni pro vystavbu silnic, CACE, Spole¢nost pro tech-
niku prostfedi, HK hl. m. Prahy, SdruZeni pro infrastrukturu Zeleznic,
Sdruzenf dopravnich podnikd, atd. Nezanedbateln& neni ani ginnost
osvétova, vyukova, publikaéni, dilezita je i spoluprace pfi tvorbé
nerliznéj$ich norem a predpist.

Investorska &innost Dopravniho podniku hl. m. Prahy, a. s., [nZenyrin-
gu_dopravnich staveb, a. s., dodavatelské Cinnost Metrostavu, a. s.,
a CKD - DIZ spolu s na8imi projektovymi navrhy ziskaly v poslednich
letech od odborné i laické poroty nejvy$8i ocenéni v oboru dopravnich
staveb. Stanice Rajska zahrada na trase metra B ziskala titul Stavha
roku 1999 a stavba prazského metra ziskala v roce 2000 titul Stavba
20. stoleti.

Zavérem dékujeme v8em svym obchodnim partnerim za spolupraci
a ddvéru, celému podzemnimu stavitelstvi pfejeme dal$f Uspésny
rozvoj a véem ¢tenardm TUNELU hezké a zajimavé &tenf.

DEAR READERS,

| am very happy that our company has been given the opportunity of a complex
presentation in this magazine, which is recognised not only by all professionals
involved in underground engineering, but also by a much wider professional pub-
lic. Our joint stock company is bound for its birth and monumental development to
the fact that the Prague capital needed an underground railway to be built as fast
as possible at the beginning of the sixties of the past century. This stimulus was
fading in time, and it nearly disappeared at the beginning of the ninetfes.
Although, we, as other companies in similar condition, not only did not perish, but
we have transformed ourselves in such a way, which allows us to keep up with any
renowned design consultants. This statement is not a matter of a lip service only.
It is supported by the technical articles written by our employees, which we are
offering to you in this issue (and possibly in following issues) of TUNEL. Most of
the authors of these articles have grown up together with Metroprojekt, and they
are well known to many of you, the readers. All of them have got over an enormous
volume of designing work, and the structures built according to their designs have
been serving for long years or will start to serve in no distant time. This is not the
metro only, even if it is still representing a greatest portion of our work volume.
There are also other projects or their parts, which are implemented in the under-
ground or are associated with it directly. An underground structure does not mean
a tunnel only. It means a complete set of other structures and facilities, which are
placed into an underground structure, They must operate even under those non-
standard conditions without failures and reliably for long decades.
METROPROJEKT Praha a.s. is celebrating 30 years of its existence this year. A lot
of work has been done in the course of that time. Our company's activity is not
confined to designing only or to consulting engineer's site supervision. Our col-
leagues, Czech, Slovak and other foreign tunnelling engineers, certainly know that
Metroprojekt, as one of founding members of the Czech Tunnelling Committee,
works actively through its best experis in this organisation, including internation-
al activities organised by the International Tunnelling Association ITA/AITES and
its working groups.

In addition, our employees are active in many other organisations. As an example,
I can mention the Tunnelling Section of the Czech Road Association, the
Association for Railway Infrastructure, the CACE, the Association of Transport
Companies, etc. Also our enlightening, teaching and publication activities or co-
operation on development of various standards and regulations must not be omit-
ted.

The activity of the client, Dopravni podnik hi.m. Prahy a.s., the overall consultant
and site supervisor InZenyring dopravnich staveb a.s., and contractors Metrostav
a.s. and CKD - DIZ, together with our designs, have won the highest appreciation
by a professional and lay jury in the field of transport-related structures in past
years. The Rajska Zahrada Station on the metro line B was awarded the title of the
Project of the Year 1999, and the Prague metro project won the title of The Project
of the 20th Century.

To conclude, we would like to thank all our business partners for their co-opera-
tion and trust. We are wishing the underground engineering a continuing suc-
cessful development, as well as nice and interesting reading to all of you, the
TUNEL readers.

Ing. Jifi POKORNY

generalni feditel - General Manager
METROPROJEKT Praha, a. s.
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HISTORIE VZNIKU A ROZVOJE METROPROJEKTU

THE HISTORY OF ORIGIN AND
DEVELOPMENT OF METROPROJEKT

ING. MIROSLAV KUPKA, METROPROJEKT Praha, a. s.

V Praze se perspeklivné zacala poprvé planovat podzemni draha jiZ kratce po
1. svélové valce (prof. List, ing. Belada navrh z roku 1926). Postupné byly pak
predkladany navrhy dalsi, vychazejici z novych poznatkd, ze zkuenosti v rozvo-
Ji vystavby podzemnich drah ve svété, odpovidajici pokroku v rozvoji stavebnich
technologii, v rozvoji technologickych zafizeni apod.

BohuZel zadny z pfedlozenych navrhi nedospél k realizaci.

Po 2. svétové valce, pfesnéji v 50. a 60. letech, se zacala dopravni situace
v Praze jiZ natolik vyhrocovat, Ze méstu hrozil dopravni kolaps. Bylo jasné, ze
Zadna opatfeni vedouci ke zlepseni pouze povrchové MHD nemohou vést k cili.
Jako prvé tedenl byl vypracovan ndvrh na pfemisténi tramvajovych frati v celé
centralni Gasti mésta do podzemi, do tunell - navrh tzv. systému podpovrchové
tramvaje. Tolo fedenl bylo tehdy pfijato, a to usnesenim tehdejsi vlady
£.239z2 6. 1965 a 7. 1, 1966 byla stavba dokonce zahajena. Usnesenim viady
€. 437 z 30. 11. 1966 bylo na zéklad® oponentnich posudkd toto fedeni MHD
v Praze systémem podpovrchové tramvaje znovu potvrzeno.

Se systémem podpovichové tramvaje vSak nesouhlasila celd fada nasich
i zahrani¢nich odbornikl — povaZovala jej za systém, ktery neni schopen garan-
tovat dostatecnou kapacitu pro vyhledové naroky na pfepravu, ani pravidelnost
a spolehlivost. Nebylo by to feSenl perspektivni, a vystavba pfevainé
hloubenych tunell by dlouhodob# narusila Zivot mésta. DoporuGovali fesit MHD
v Praze na principu metra. Stejné doporuceni dali i rudtl experti, ktefi v Praze
spolupracovali podle dohody mezi tehdejSimi viadami CSSR a SSSR z 18, 11.
1966 jako konzultanti pro vystavbu podzemnich tras.

Tehdejsi vidda CSSR pak svym usnesenim &. 288 z 1. 8. 1967 vyslovila souhlas
s doporucovanym novym feSenim a rozhodia o vystavbé metra v Praze.
Generalnim projektantem vystavby praZzského metra byl uvedenym usnesenim
viady uren Statni Ustav dopravniho projektovani v Praze (SUDOP). Divodem
urGenl tohoto Gstavu byla skutegnost, Ze melro je praklicky podzemni elektrizo-
vana Zeleznice, a SUDOF byl jedinym z dostate&né kapacitnich projektovych
Gslavy, ktery Zeleznitni stavby projektoval a mél k dispozici viechny potfebné
profese. Mél doslale¢nou kapacitu v profesi kolejového svriku, trakénich
zafizeni, zabezpecovacich a sdélovacich zafizenl, vzduchotechniky, strojnich
zafizeni atd.

Uvedenym vladnim usnesenim byly projektantu ulozeny velmi naro¢né a slozité
Ukoly, a to ve velmi kratkych terminech:

- vypracovat studii cilového fesenl MHD v Praze na principu metra;

~ vypracovat PU a SPR prvniho Gseku trasy (Florenc - KacCerov);

- operativné pfepracovévat provadéci projekty rozestavéného Useku trasy mezi
Hlavnim nédraZim a Muzeem (Gsek byl rozestavén pro pivodni systém pod-
povrchové tramvaje).

SUDOP mél doslateénou projektovou kapacilu ve specialnich Zelezniénich
oborech, chybély mu viak kapacity v profesich stavebnich, Tyto si zajistil ko-
operacemi u dal§ich velkych projektovych Ustav - u PUDIS, Interprojekiu
Praha, na studii i u Bafskych projekill. Pozdgji pfi pfipravé prvniho Useku lrasy
A (Dejvicka, nam. Miru) jesté i u VPU a Hydroprojektu. SUDOP viastnimi silami
zajifloval komplexnl pfipravu | prvniho depa metra na Kaderové.

Planovany rozvoj sité metra vyvoldval stale v&tsi a v&isi naroky na odborné pro-
jektové kapacily a velky rozsah kooperaci s né&kolika jinymi projektovymi stavy
nebylo moZno povaZovat za optimalni. Ke konci roku 1970 se zagala projevoval
objektivni potieba vylvofit dostatecné kapacitni, profesné odborny, samostatny
projektovy astav, kiery by byl schopen pfipravu staveb melra zajisloval viastni-
mi silami. Za uéelné se povaZovalo i zafazeni takového Ustavu mezi organizace
inveslorske strany s cilem zjednoduit vztahy mezi Ustfednim investarem (NVP
hl. m. Prahy), pfimym investorem a budoucim provozovatelem (DP hl. m. Prahy)
a projeklantem.

Z uvedenych ddvodd byl usnesenim tehdejsiho pfedstavenstva vlady &. 210,
ze dne 11, 3. 1971 ustanoven 1. 5. 1971 novy specializovany Ustav DP —
Metroprojekt. Dopravni podnik hl. m. Prahy byl v té dob& pfestaven na
hospodafskou jednotku koncernového typu a Metroprojekl se stal jednou z jeho
organizaénich jednotek - proto nazev DP - Metroprojekt.

Do nového projektového Ustavu preslo delimitaci asi 250 pracovniki SUDOP,
pracujicich pfevazné na pfipravé staveb praZského metra. Tehdejdi Feditel
Metroprojektu velmi liberalné ponechal na kazdém projektantu, aby se svobod-
né rozhodl, zda chce, nebo nechce, do nového Ustavu ptejit, Bylo to velmi dobré
a Uc¢elné rozhodnutf, protoZze do Metroprojektu presli v ramci delimitace ti pra-
covnici, ktefi o praci na pripravé metra méli odborny zajem. To se velmi kladné
projevilo pfi zajidfovani dalsich dokumentac.

Novy tstav - Metroprojekt — pfevzal viechny rozpracované dokumentace jako
novy generdini projektant, a to se zdvazkem spinéni véech jiz dfive dohodnutych
termini. Pfevzal i viechny dohodnuté kooperace. Pro Metroprojekt nadale
kooperoval | SUDOP pfi pfipravé depa Kaderov. Cilem v8ak bylo postavit Ustav
lak kapacitni, aby mohl dalsi pfipravu staveb metra v Praze pfipravovat pokud
moZno bez kooperaci.

Prace na pfipravé prazského metra byla natolik pfitazliva, ze Gstavu se dafilo
zvy$ovat postupné poget potiebnych pracovniki z plvodnich 250 v roce 1971
na 520 v roce 1972, na 702 v roce 1976 a v roce 1980 jiz na 725. Dobré bylo,

In Prague, first prospective planning of an underground railway started shortly
after the World War | (Prof. List, Eng. Belada's proposal of 1926). Other pro-
posals were submiltted successively based on new knowledge, the experience
of the development of underground railways construction in the world, con-
forming to the progress in the development of civil engineering techniques, lhe
development of technical plant etc.
Unfortunately, none of the propasals submitted came to its realization.
After the World War Il in the period of the fifties and sixties, the traffic situation
in Prague started to become acute so much that the city was threatened by a
collapse. It was obvious that no measures leading to an improvement of the
surface urban mass transit only could result in achievement of the goal.
As the first solution, a proposal to relocate all tramlines existing in central part
of the cily to the underground, i.e. into tunnels was developed. This system
proposal, called a subsurface tram system, was accepted then through the
Resolution of the Gavernment No. 239 of 02/06/1965, and the construction even
commenced on 07/01/1966. On the basis of opponent assessments, this solu-
tion of the urban mass transit (UMT) using the subsurface tram system was
again confirmed by the Resolution of the Government No. 437 of 30/11/1966.
Although, a number of our and foreign professionals disagreed with the sub-
surface tram conception. They did not find the system capable of guaranteeing
a sulficient capacity for future lransportation demands, regularity and reliabili-
ly. It would not have been a prospective solution, and the cut-and-cover con-
struction of lunnels would have interfered with the life of the city for a long time.
They suggested thal the UMT should be solved on the melro principle. Identical
suggestion was made by Russian experls, who co-operaled in Prague as con-
sultants for development of underground lines according to an agreement con-
cluded by the then governments of the CSSR and the USSR on 18/11/1966.
Then, the government of the CSSR of that time expressed its agreement with
the new solution proposed and decided on the metro development in Prague
by its Resolution No, 288 of 01/08/1967.
The resolution of the government referred to above appointed Statni Ustav
Dopravniho Projektovani v Praze (SUDOP, the State Institution for Traffic
Engineering in Prague) as the overall consulting engineer for development of
the Prague Metro system. The reason for appointing this institution was the fact
that a melro is practically an underground electrified railway, and SUDOP was
the only of the designing institutions who possessed sulficien! capacity, who
had designed railway structures and had all designing professions necessary
at its disposal. It had a sufficient capacity in the professions of trackwork, trac-
tion current supply systems, signaling and communications systems, ventita-
tion, mechanical equipment and other designing fields.
The above mentioned resolution of the government charged the designing con-
sultant with very demanding tasks, under very .':'?m delivery terms:
- to develop the study of the target solution of the UMT in Prague based on
the metlro principle
- lo develop the feasibility study and the general design of the first line sec-
tion (Florenc - Kacerov)

lo operatively redevelop the delailed design of the line section between the
Main Railway Slation and Museum being under construction (the work on this
section was slarted for the original system of the subsurface tram).
SUDOP had a sufficient designing capacity in specialist railway fields, but it
lacked the capacities in civil engineering professions. It ensured them by co-
operation with other big designing institutions, i.e. PUDIS, Interprajekt Praha
and, for the study, with Banske Projekty (a mining designing office). Later on,
during preparation of the section | of the line A (the Dejvicka - the Namesti Miru
slations), it also co-operated with VPU (a military designing institution) and
Hydroprojekl. Complete planning of the first metro depot in Kacerov was also
ensured by SUDOF's own resources.
The planned development of the metro network brought about a higher and
higher need of a specialized designing capacity, and the existing large extent
of cooperation with several designing offices could not be considered as opti-
mal. Al the end of 1970 the objective necessity started to show up to establish
an independent designing company with a sufficient capacity and profession-
al experlise, which would be capable of the metro conslruction preparation by
its own resources. It was also considered reasonable to incorporate such the
company among organizations on the owner's side with the aim of simplifica-
tion of the relations amang the central owner (NVP hi. m. Prahy, the Prague City
National Bureau), the direct owner and the fulure operator (DF hl. m, Prahy, the
Prague City Transportation Company) and the designing consultant,
For the above mentioned reasons, the new specialized company DP-
Metroprojekt was established on 01/05/1971 by the Resolution No. 210 of the
then Presidium of the Government dated 11/03/1971.
Dopravni podnik (DP) hi. m. Prahy (the Prague City Transportation Company)
was reslructured into an economic unit of a concern type and Metroprojekt
became one of its organization units. This is why ils name was DP -
Metroprojekt.
About 250 SUDOP personnel working mainly on the preparation of the Prague
Metro construction were transferred to the new designing institution in the

e —————————— e
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7e novi projektanti méli odborny z&jem pracovat na pfipravé tohoto nového
fenoménu mésta - na pFipravé metra.

Metroprojekt pak jako generdlni projektant zaji§toval prib&zng veskerou
pfipravu dal§ich staveb prazského metra, rozsah a objem praci Ize snadno
posoudit ~ jedné se prakticky o v8echny dnes provozované Useky tras A, B a C,
veetné dep a opravarenské zakladny, vice neZ 50 km tras, 51 stanic, 3 depa,
1 0ZM.

Metroprojekt postupné zajidfoval pifpravu i jinych staveb MHD - zejména novo-
stavby nebo rekonstrukce tramvajovych trati, ndvaznych nebo vyvolanych akci
pfi stavbé metra. Pracoval i na studiich dopravnich systémd MHD nejen v Praze,
ale i v Brné, Ostravé, Plzni, Bratislavé.

Ke konci 80. let, v obdobi, kdy dochéazelo k urditym strukturalnim zménam
v narodnim hospodatstvi, vystoupil METROPROJEKT z organizace Dopravnich
podnikd a stal se 1. 7. 1989 samostatnym statnim podnikem. K 1. 5. 1992 se
pak stal samostatnou akciovou spole¢nosti - s podstatné rozsifenym rozsahem
své ¢innosti.

Spole¢nost METROPROJEKT Praha, a. s., byla zalozena Fondem narodniho
majetku Ceské republiky podle § 172 obchodniho zakoniku na zakladé pfijatého
privatizagniho projekiu. Spoleénost byla zapséna do Obchodniho rejstiiku tehdy
vedeného Krajskym obchodnim soudem v Praze dne 1. 5. 1992, do oddilu B,
¢isto slozky 1418, Prevaina ¢ast Cinnosti je vykonavana na uzemi Ceské repu-
bliky. METROPROJEKT Praha, a. s., je nezavislou spole¢nosti bez vazeb na do-
davatelské spole¢nosti. Je zafazena do PHARE/TACIS centréainiho rejstfiku pod
¢. CZE 19705 a registru World Bank DACON pod ¢. 1316.

METROPROJEKT Praha, a. s., zaji$tuje komplexnf projektovou, inzenyrskou
a konzultagni ¢innost pro rozsahlé akce, dodavky na kli¢ a poradenstvi, Pisobf
prevaZzné v oblasti dopravnich a inzenyrskych staveb se zaméfenim na
podzemni stavby. V soucasné dobé disponuje 162 zaméstnanci rozhodujicich
stavebnich a technologickych profesi pro komplexni projektové zabezpeleni
staveb.

STAVCERT Praha, s. r. 0., vydala 5. 10. 1998 spole¢nosti certifikat jakosti:
Metroprojekt Praha, a. s., ma pro projektovou, inZenyrskou a konzultacni ¢in-
nost zaveden a udrzovan systém jakosti odpovidajici CSN EN SO 9001.

Z uvedené historie vystavby metra v Praze, nésledujiciho vzniku Metroprojekiu
a jeho vyvoje az do souasnosti je patrny obrovsky rozsah vyprojektovanych,
zejména dopravnich staveb, ve vétdiné Uspédné realizovanych. Prace
Metroprojektu méla obrovsky vliv na dopravné-urbanistické fedeni cele Prahy,
byla velkym pifnosem i pro jiné investory - napf. pfi fedeni tuneld pro Ceské
drahy.

V soucasné dobé je Metroprojekt prosperujici akciovou spole¢nosti s Sirokym
rozsahem oborud své &innosti. Je pfipraven pro vSechny investory plnit odborné,
komplexné a v poZzadovanych terminech jejich poZadavky.

Provozované trasy metra k 11/ 1998
Operating metro lines, 11 / 1998

Pfipravované trasy metra k horizontu
néavrhu UP 2010

A - Metro lines planed for the

-~ TP 2010 proposal

L PRAGUEMETRO

pracess of delimitation. The then director of DP-MetroFro;'ekr left the decision
whether to work or not to work with the new instilution liberally to each design-
er's discretion. This was a very good and useful decision since those staff got
to Meltroprojekt who were professionally interested in the work on the Meiro
planning. This fact affected posilively the process of development of the further
stages of documentation. )

The new institution DP-Metroprojekt fook over all unfinished dacumentation as
the new general designing consultant, together with the commitment to meet all
deadlines agreed before. Il also took over all agreed cases of cooperation.
SUDOP conlinued to cooperate with DP-Metroprojekt on preparation of the
Kacerov depol. Although, the objective was to create an institution with such a
capacity, which would enable the further preparation of the Prague Metro con-
struction sites to be performed without cooperation, if possible.

The work on the Prague Metro planning was so attractive that the institulion
succeeded in increasing progressively the number of its personnel from the
original 250 in 1971 to 520 in 1972, to 702 in 1976, and lo 725 in 1980. It was
good that the new dasigners were professionally concerned to work on prepa-
ration of this new phenomenon of the cily, i.e. preparation of the Metro.

Then, DP-Metroprojekl, as the general desiﬁnmg consultant, ensured on an
ongoing basis the overall preparation of further construction sites. The scope
and volume of the work can be judged easily - it covered virtually all currently
operating lines A, B and C including depots and repair bases, i.e. over 50 km
of tracks, 51 stations, 3 depots, 1 repair base.

As time went, DP-Metroprojekt started to provide even the preparation of other
UMT projects, namely the new construction and reconstruction of tramlines, fol-
low-up or induced actions at the Metro construction.

It also worked on the studies on the UMT transportation systems not only for
Prague but also for Brno, Ostrava, Pilsen and Bratislava.

At the end of the eighties, in the time when certain structural changes occurred
in the national economy, DP-Metroprojekt seceded from the Dopravni Podniky
organization and became an independent state-owned enterprise from
01/07/1989.

Then, on 01/05/1992 it became an independent joint stock company with sub-
stantially extended scope of its activities.

METROPROJEKT Praha a.s. was founded by the State Property Fund of the
Czech Republic in compliance with § 172 of the Commercial Code, on the basis
of a privatization project accepted. The company was incorporated into the
Companies Register kept then by the Regional Commercial Court in Prague,
into the section B, file number 1418 on 01/05/1992.

Major part of the activity is performed within the area of the Czech Republic.
METROPROJEKT Praha a.s. fs an independent company, with no organizalion-
al relations with building contractors, It is contained in the PHARE/TACIS
Central Register under the No. CZE 19705, and in the World Bank's register
DACON under the No. 1316.

T e -

PRAZSKE METRO
DLE NAVRHU UZEMNIHO PLANU

BY TERRITORIAL PLAN PROPOSAL —

Obr. 1 Soutasna sit prazského metra a jeho predpokiadany rozvoj do roku 2010

Fig. 1 Prague metro - current network and expected development by 2010

METROPROJEKT Praha a.s. provides complete designing, engineering and con-
sultation work packages for large projects, turn-key supplies and consultancy.

t mostly operates in the field of transport-related and civil engineering con-
struction focused on underground construction. Currently it has 162 employees
in its disposal, covering all deciding civil and technical professions. Thus it is
able to ensure complete engineering consultation and design for construction
projects.

STAVCERT Praha s.r.o. awarded the company the following quality certificate
on 05/10/1998: Metroprojekt Praha a.s. has the quality management system
introduced and maintained for designing, engineering and consultation work in
accordance with the CSN EN 1SO 9001.

The giant extent of the designing work on mainly transport-related projects,
in the thumping majority successfully implemented, is obvious from the above
history of the Prague Metro construction, the following origin of Metroprojekt
and its development till the present. Metroprojekt's work influenced the traffic
and urbanistic solutions in the whole Prague significantly. It was also a great
contribution for other investors, for example in the design of tunnels for the
Czech Railways.

Currently, Metroprojekt is a prosperous joint stock company with a wide ran-
ge of the fields of its activity. It is ready to fulfill the requirements of all
clients in a professional and complex manner and to meet the deadlines
required.
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JAK ZACALO PROJEKTOVANI TUNELU
METRA V PRAZE

HOW THE DESIGNING OF
THE PRAGUE METRO TUNNELS STARTED

ING. KAREL ZAVORA, METROPROJEKT Praha, a. s.

KdyZ v srpnu 1967 rozhodly mésto Praha a "strana a vlada" o vystavbé metra
v Praze, urcily za generalniho projektanta metra SUDOP - tehdy Statnf Ustav
dopravniho projektovani.

Spodni stavbu metra, tedy pfevazné tunely hloubené i razené, dostal do
vinku paty odbor SUDOP (odbor most( a tunell). Pro projektovanf razenych
tunell metra byla vy¢lenéna skupinka mladgich Zelezni¢nich tuneldrd, ktera
se naborem rychle rozrlistala s pfibyvajicim rozsahem projektovanych
razenych tunell

Obrovsky ukol projektovat metro vyzadoval zmobilizovat v8echny zkuSenos-
ti vy¢tené z knih a Casopisd, kterych v8ak v 60. letech uZ bylo pohtichu
méalo. Diky rozséahlé siti CSD s &etnymi tunely a setrva&nym postuplm
Udrzby a obnovy sprav i ustfedi drahy méli Zelezni¢ni tunelafi dobré
zku$enosti:

- 5 projektovanim a provadénim velkych oprav a pfestaveb Zelezni¢nich
tunell jak z dlvodd chatrajiciho stavu téméf stoletych tunelll, tak
zejména pro rychle se rozvijejici elektrifikaci zelezni¢nich trati; tyto pfe-
stavby se provadély prevdzné za nepferuseného (pouze omezeného)
provozu drahy ve vylukdch a provoznich prestavkach zelezni¢ni pfepravy,
- s projektovanim nékolika Zelezni¢nich a silniénich tunell a ochrannych
systeml, vesmés razenych modifikovanymi klasickymi metodami,

- s projektovanim &etnych razenych nebo protladovanych tunell a $to! pod
provozovanymi Zelezni¢nimi tratémi,

- se sana¢nimi pracemi tunelového osténi a pfilehlého horninového prostredi
a nadloZi (injektovani, hloubkové sparovani, torkretovani, zac¢atky stiikanych
betonl suchou i mokrou cestou) a s kotvenim hornin rdznymi typy svornikd,
- se zajidfovanim a sanovanim skalnich svah( nad tratdmi (kotveni, torke-
tovani, obkladni a zarubni zdi).

Nejvyznamnéjsi zkusenosti Zelezni¢nich tunelafd vSak byla samozfejma
znalost komplexnich potfeb drdzniho provozu a bezpodmine&nd nutnost
spoluprace se vSemi draznimi obory a respektovani jejich potfeb nejen
aktuélnich, ale i vyhledovych, a to jiz od samého zadatku projekéni pfipravy.
Nikdo z tunelard v8ak nemé! praktické zkusenosti s vystavbou dlouhych
Teoretické poznatky ze sporadicky ziskdvané literatury bylo mozno porovna-
vat pouze s raZzenim a vystrojovanim diinich chodeb a pfekopd, na které
v8ak byly kladeny nesrovnatelng mensi poZadavky.

Klasické, byt modifikované metody raZzeni a zejména vystrojovani vyrubu
vydfevou nebo t&Zkymi ocelovymi oblouky z tuhych prifezd byly pro béZnou
razbu tunell pod Prahou nepfijatelné a moznost jejich vyuZiti byla omezena
pouze na zmahdani havarijnich (mimofadnych) situaci a pfechodu poru-
chovych zon.

SOVETSKA EXPERTIZA

Pii zahajeni soubézného planovani, projektovani i vystavby metra v Praze
byla vladou zajisténa expertiza specialistd moskevského projekéniho tstavu
Metrogiprotransu, ktefi projektovali metra v sovétskych velkoméstech. | kdyz
pribézné pulsobeni jejich skupiny u SUDOP nebylo dlouhodobé a bylo
oboustranné citelné ovlivnéno "Prazskym jarem 1968" a vpadem "spojenec-
kych vojsk", vystavbé prazského metra pfinesly konzultace a doporucenf
sovétskych specialistl vyznamny prospéch. Zkusenost z projektovani a vy-
stavby podzemnich drah v sovétskych méstech a zejména v Moskvé,
Leningradu a Kyjevé (které plivodné vychazely predevsim z poznatkl o vys-
tavbé "tubes" londynskych podzemnich drah), spoleéné se stavem vyvoje
sovétskych mechanizaénich prostiedk(l daly jednoznatné doporudeni razit
tunely praZského metra jednokolejné, v horninach skalnfho podloZi prsten-
covou metodou razicimi erektory a v horninovych prostfedich nesoudrZznych
nebao jinak neslabilnich nasadit nemechanizovang tity.

Prslencova meloda je zaloZena na vyrubdni kratkého zabéru tuneld na délku
|edr|ol]o (max. dvou) prstenct osténi na piny primér vyrubu a na rychlém
wsém:enf zabéru vyrubu prstencem trvalého jednoplastového skladaného
osténi,

Nemechanizovany &iit umoZfiuje obdobny zplsob rubani se zkracenim
zabéru na asi polovinu §ifky prstence osténi, pficem? po postupu &titu o
Sifku prslence se smontuje stejné osténi jako pfi prstencové metodé
v chraneéném prostoru pod plastém ocasu §titu. Razici erektory a &tity pro

In August 1967, when the City of Prague and ‘the party and government”
decided on development of the Prague Metro, they appointed SUDOP, at
that time the State Institute for Traffic Designing, to become the general
design consultant.

The subsurface part of the metro construction, mostly cut-and-cover and
mined tunnels, was to be designed by the fifth division (bridges and tunnels)
of SUDOP. For designing mined metro tunnels, a group of younger profes-
sionals specialized in railroad tunnels was established. The group grew
quickly with expanding demands on development of mined tunnels.

The gigantic task, to design the metro, required mobilization of all experi-
ence gained by reading books and journals. Although, the experience was
very low in the sixties. With respect to an extensive railroad network of the
Czechoslovak Railways (CSD), with many tunnels, and to for years repeated
methods of maintenance and refurbishment, the staff specialized in railroad
tunnels possessed a good experience gained in:

- designing and realization of large repairs and reconstruction of railroad
tunnels, both thanks to deterioration of nearly 100 years old tunnels, and
particularly owing to a quickly developing electrification of railroad lines;
the said reconstruction was performed mostly without any interruption to
traffic (only with a limited operation of the railroad for the periods of track
possession, and operational breaks in the railroad transport,

- designing of several railroad and road tunnels and protective systems, of
tunnels mostly driven by means of modified methods,

- designing of many driven and jacked tunnels and galleries built under
operating railroad lines,

- rehabilitation works on tunnel linings and the adjacent rock surroundings,
as well as in the overburden (grouting works, deep pointing, guniting,
beginning of shotcrete operations using both the dry and wet processes),
and anchoring of rock by means of various types of rock bolts,

- supporting and stabilization of rock slopes along railroad lines (anchoring,
guniting, retaining and protection walls)

Although, the most important experience of railroad tunnel designers was
the experience with the complex needs of the railroad traffic, and the expe-
rience with the unconditional necessity of cooperation with all railroad pro-
fessions, as well as the necessity of respect paid to their needs, not only the
current but even the future ones, from the very beginning of the design
preparation. Nobody of the tunnel designers had any practical experience
with construction of long tunnels by means of newer methods, and with pro-
gressive tunneling mechanisms. Theoretic knowledge acquired from litera-
ture could be compared only with driving and supporting of mine galleries
and crosscuts, for which much lower requirements were set.

Conventional, even if modified mining methods, mainly the methods of the
excavation support with timbering or heavy steel arches of rigid cross sec-
tions, were unsuitable for a routine driving of tunnels under Prague. The
possibility of their application was limited only to emergency situations and
for passing through weakness zones.

SOVIET EXPERT ANALYSIS

At the beginning of a parallel process of planning, designing and construct-
ing of the metro in Prague, the government provided an expert analysis
developed by specialists of Metrogiprotrans, a Moscow designing institute,
who designed metros in Soviel cities. In spite of the fact that the work of
their group with SUDOP did not last long and was on both sides affected by
the "Prague Spring 1968" and by the invasion of the "allied armies’, consul-
tations and recommendations of the Soviet specialists were very valuable for
the construction of the Prague metro. Their experience gained during the
design and construction works on underground railroad lines in Soviet cities,
particularly in Moscow, Leningrad and Kiev (which was originally based
mainly on the information about the construction of ‘the tube" lines of the
London subway), together with the state of Soviet equipment, resulted unam-
biguously in the recommendation to drive single-track metro tunnels in
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useky razené generdlnim dodavatelem Vodnimi stavbami (pozdéji Metro-
stavem) a subdodavatelem Vojenskymi stavbami byly dodany spolu s nakla-
daci a dal$i dopliiujici technikou ze SSSR. Subdodavatel Vystavba kladen-
skych doll (VKD) nasadil ve svych Usecich vlastni Geskoslovenské kon-
strukce erektord; tyto Useky tunell projektovaly v subdodavce pro SUDOP
Banské projekty Praha, pozdgji pfejmenované na Interprojekt.

OSTENi TUNELU

V prvém provoznim useku trasy (I.C1 - 1.C4) byly raZzeny pouze dvojice jed-
nokolejnych tratovych tuneld a potfebné pfistupové $toly; stanice a nékteré
mezistanicni dseky nebo jejich Casti byly vybudovany ve hloubenych,
zajisténych stavebnich jamach (resp. ryhach)

Proto prvym zasadnim rozhodnutim bylo ur&eni svétlého prafezu kruhového
skladaného osténi. Po kratkém, ale dporném dohadovani bylo rozhodnuto
budovat i v Praze tunely se stejnym svétlym prifezem jako na metru
v Moskvé, tj. @ 5,1 m /5,5 m; pro Useky VKD na I. provoznim dseku trasy
C bylo ponechano skladané osténi typu VKD s prifezem 5,2/5,6 m, které se
v daldich provoznich dsecich uZ neuzivalo. Prvé tunely provozniho useku {.C
byly vystrojovany zpocatku jen sklddanym osténim z litinovych tybinkd,
dovazenych ze SSSR; omezené dodavky téchto tybinkl si v8ak brzy vynuti-
ly pfechod na skladané osténi ze Zelezobetonovych dilct (7 segmentd +
maly t¥idilny zamek) v8ude tam, kde nebyly extrémni podminky geologické
a zejména hydrogeologické, resp. kde nebylo nutno montovat osténi "ruc¢né’
s pouzitim vratk( bez erektorl. Do doby, neZ byly plné rozvinuty vyrobni
linky Zelezobetonovych dilcG Prefou Hyskov v zévodu Luzec u MélInika,
dovéZely se Zelezobetonové dilce skladaného osténi z Madarska, kde se bu-
dovaly stejné tunely pro metro v Budapesti. Tratové tunely razené subdoda-
vatelem VKD na I.C2 a I.C4 byly vystrojovany vyhradné osténim & 5,2/5,6 m
s prstenci Sirokymi 0,75 m, skladanymi ze 4 Zelezobetonovych dilcd, zho-
tovenych ve vyrobné VKD.

Razené stanice metra v centru Prahy byly nejobtiZznéj§imi razenymi objekty
viibec. Vechny byly navrzeny jako trojlodni, vystrojené skladanym osténim.
S ohledem na délku nastupist pouhych 100 m bylo rozhodnuto volit umisténf
stanic do takového horninoveno prostiedi, aby nebylo nutno nasadit na
jejich razbu "stani¢nf $tity" a raZba staniénich tunell byla zvladnutelnd prs-
tencovou metodou bez pfili§ nakladnych dopliiujicich opatfeni a predsti-
hovych stabilizaci horninového prostfedi. | zde se vychazelo ze zkuSenosti
a konstrukci stanic sovétskych meter, pfenesenych k nam skupinou sovét-
skych specialistd.

RaZené stanice pfestupnich uzI( (Mdstek na trase A i B a Florenc na trase
B) byly navrzeny jako sloupové typy stanic se skladanym osténim z liti-
novych tybinkd. U téchto stanic byl zajem projektant soustfedén pfedevéim
na fedeni konstrukce prestupl a jejich prdnikd a na dimenzovanf ocelovych
silnosténnych konstrukci sloupt.

Také razena stanice tfetiho pfestupniho uzlu Museum na trase A je vystroje-
na osténim z litinovych tybink(, konstrukce prostupl je v8ak "pylonového
typu". V8echny ostatni razené stanice jsou trojlodni, pylonového typu se
skladanym osténim ze Zelezobetonovych dilcl. Postupnym vyvojem kon-
strukel prostupd se zmengovaly tloustky a itky pylon(l z pavodnich cca 3,0
x30mnai15x 3,0m, 15x2maznad75x2m.

STATIKA

Osténi z litinovych tybinkl tratovych i staniénich tuneld dovazené ze SSSR
bylo staticky i provozné (v&. poZzadavkd ochranného systému) provéfeno
v tunelech sovétskych meter,

Statické posuzovani bylo proto zaméfeno na zjisténi potfebné tuhosti zejmé-
na pfi zabudovavani osténi, potfebné interkakce (spoluplisobeni s horni-
novym prostfedim) a na pfedpovéd moznych dotvarovani, posun(l v osténi
a horninovém prostfedi i nadlozi.

V mistech o¢ekavanych zvySenych pfetvofeni byla pozadovana montaz
osténi bez prevazovani podélnych spar s potfebnym pfevysenim prlfezu
osténf tak, aby se umoZnilo kloubové plsobeni ve sparach osténi obdobné
jako pfi skladaném osténi ze sedmi Zelezobetonovych dilcd. Kloubové pd-
sobeni v loZnych sparach pti dostadujicim zapInéni v8ech rubovych prostor(
za osténim zaruGuje "univerzalng dostate¢nou unosnost trafovych i sta-
niénich litinovych osténi po celé délce tras tunell a pfistupovych tol
v horninovych podminkach prazského metra’.

Rozsahlé zkousky a programy méfeni zatizeni a napéti na rubu, uvnitf i ve
spardch osténi, realizované in situ a na stendech v méfitku 1:1 i zmen$enych
modelech prokazaly, ze 200 mm silné, plnosténné skladané osténi, ze sedmi
stejné velkych Zelezobetonovych dilct & 5,1/5,5 m, ma stejnou univerzalnf
Unosnost jako dovaZené litinové osténi, a proto pocinajice provoznim
usekem I.A se stalo jedinym v Ceskoslovensku vyrabénym a do tunell metra
v Praze zabudovavanym Zelezobetonovym skladanym osténim.

Také navrh staniéniho skladaného osténi ze Zelezobetonovych dilcd mohl
vychdzet z jiz osvédteného typu osténi stanice metra v Kyjevé. Protoze véak
nase osténi nebylo ureno pro montaz v razicim $titu, byl zachovan lic vnitfniho
prlfezu Zelezobetonového osténi stejny jako u osténi litinového & 7,80/8,50 m
a zvétsen tloustky se promitlo do prifezu rubu osténi, tedy & 7,80/8,80 m.
Také toto osténi bylo provéfeno nejen rozsahlymi vypocty, ale i zkouskami
na stendech, a zejména rozsahlymi prikaznymi zkouSkami na prototypech
‘reprezentant(’, {j. dilcd BN, opakovanych pravidelné asi po dvou letech po
celou dobu vyroby téchto dflct stani¢niho sklddaného osténi.

PRSTENCOVA METODA, PREDNOSTI A NEDOSTATKY

Pfi razenf tuneld prstencovou metodou a nasazeni dovezené rozhodujici
mechanizace (pfedevsim razicich erektord) se brzy projevily jak prednosti,

Prague. The ring method using mining erectors was proposed for excavation
in hard bedrock, and non-mechanized shields for driving in an incohesive
rock or in a rock unstable in another way.

The ring method is based on a full-face excavation of a short length of the
tunnel corresponding to the length of one (max. two) lining rings, and on a
quick installation of the excavation support by means of a ring of a perma-
nent single-pass segmental lining

A non-mechanized shield enables application of an analogous method of
driving, with the length of one round shortened to about one half of the width
of the lining ring. When the shield has advanced for the full width of one ring,
the same type of lining is erected as at the use of the ring method, in the
protected space under the shield tailskin. Erectors and shields for sections
driven by the general contractor Vodni stavby (Hydraulic Construction - later
Metrostav company) and by the subcontractor Vojenské stavby (Military
Constructions) were delivered together with loading equipment and other
additional mechanisms from the USSR. The subcontractor Vystavba
Kladenskych doli (Construction of Kladno Mines - VKD) applied, in the sec-
tions built by VKD, erectors of the original Czechoslovak design. The said
tunnel sections were designed by Banské projekty Praha, later renamed to
Interprojekt, which was SUDOP's designing subcontractor.

LINING OF TUNNELS

On the first operational section of the line (1 C1 - | C4), were only two cou-
ples of single-track tunnels and the needed access galleries were driven
Stations and some inter-station sections or their parts were constructed in
cut and cover box excavations. That is why the first fundamental decision
resided in determination of the net internal diameter of the circular segmen-
tal lining. After a short, but intensive discussion it was decided to construct
tunnels of the same net internal diameter as in Moscow, i.e. 5.1 m/5.5 m,
even in Prague. For the sections built by the VKD company on the 1st oper-
ational section of the line C there remained the segmental lining developed
by VKD, having the cross section of 5.2/5.6 m. This lining was not applied on
the further sections any more. Initially, first tunnels of the operational section
1.C were lined by cast iron segments imported from the USSRA. Limited deliv-
eries of the said segments resulted in a general use of reinforced concrete
segments (7 segments + a small three-piece key) wherever no extreme geo-
logical, particularly hydrogeological, conditions existed, or where it was not
necessary to assemble the lining manually with winches, without erectors.
Till the moment when reinforced concrete segment casting yard was put into
full operation by Prefa Hyskov in the plant LuZec at Mélnik, the reinforced
concrete segments of the segmental lining had been imported from
Hungary, where the same tunnels for Budapest metro were constructed
Running tunnels driven by the subcontractor VKD in sections I.C2 and |.C4
were equipped exclusively with the 5.2/5.6 m-diameter lining with the rings
being 0.75 m wide, composed of 4 reinforced concrete segments produced
in the casting yard of VKD

Driven metro stations in the center of Prague were the most difficult driven
structures in general. All of them were designed as three-bay stations,
equipped with segmental lining. With respect to the length of platforms
amounting to 100 m only, it was decided fo situate the stations in such a
rock environment, which would not require application of any ‘station
shields", and would allow application of the ring method, without additional
expensive measures and preliminary stabilization of the rock. Even there,
everything was based on the experience and designs related to the Soviet
metro stations, transferred to us by the group of the Soviet specialists.
Driven interchange stations (the Mistek station on the line A and B, and the
Florenc station on the line B) were designed as pillar type stations with cast-
iron segmental lining. At the said stations, the interest of designers was
directed especially to the design of interchange tunnels as well as their
intersections, and to dimensioning of thick-walled steel structures of pylons.
Also Museum, the third driven interchange station on the metro-line A, is
lined by cast-iron segments, but the design of cross passage openings is of
a 'pylon type". All other driven stations have three bays with pylons. They are
lined by reinforced concrete segments. The gradual development of the
cross passage openings design resulted in a decreased thickness and width
of pylons, from the original 3.0 x 3.0 mto 1.5 x 3.0 m, from 1.5 x 2 m to 0.75
x2m

STATICS

The lining of track tunnels and stations consisting of cast-iron segments
imported from the USSR proved competent, in terms of statics, operation
and requirements of the protective system, in the tunnels of Soviet metros.
That is why the objective of the static evaluation was to determine the need-
ed rigidity, especially on erection of the lining, to examine the interaction
desired (i.e. the interaction between the lining and the rock mass and the
forecast yielding), and displacements within the lining, the rock mass, and
the overburden

In places of expected increased deformations, there was required the
assembly of rings without staggering of radial joints, with an exaggeration of
the lining cross section, which allowed origination of the hinge effect in the
joints, analogously with the segmental lining with rings consisting of seven
reinforced concrete segments, The hinge effect in radial joints, together with
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Tunel

a trojlodni sloupovéa (Mastek A)
a three-bay pillar type (Mustek, line A)

o 19000 ;
b trojlodni sloupova s rozsifenou stfedni lodi (Mustek B, Florenc B)
b three-bay pillar type with wident?d central bay (Mustek B, Florenc B)

i - 23400 Yot

¢ pilifova (vétsina razenych do r. 1980)
¢ pylon type (most of stations driven had been by the year 1980)

o 21 900 b

d pilifova s minimalizovanymi pilifi (po roce 1980)
d pylon type with minimized pylons (after the year 1980)

Obr. 1. Konstrukéni uspofadani razenych stanic prazského metra
piicné fezy

Fig. 1 Structural arrangement of driven stations of the Prague metro
cross sections

tak nékteré nedostatky, spojené s aplikaci této metody, zabudovanim a utés-

nénim osténi, i omezenymi moznostmi konstrukce erektorl a kompletovani

mechanizace razicich praci.

Piednosimi byly zejména:

- pravidelny cyklicky postup rubani prifezu po kratkych zabérech,

— moznost upravy stielnych praci a zplsobl rozpojovéani podle akludinich

stavl(l horninového prosifed! véetné pilpustnych seismickych Gginkd,
pfijateiné postupy raZeni; trafové tunely asi 3 m/prac. den a pfi "rekord-

nich’ postupech az 5 m/prac. den; staniéni tunely 1'aZ 1.5 m za prac. den,
rychlé vystrojent trvalym skiadanym osténim se zaplnénim rubového pros-

loru za osazenymi dilci (lybinky), a lak dosaZeni piné nosnosli osténi od jeho

zabudovani v celbé, jeho spoluptsobeni s horninovym prostiedim a vyrazne

omezeni rozvoje deformaci,

— vybudovani pevného "definitivniho® dna, pevného podkladu pro stavenist-

ni kolejovou dopravu, zaruGujici plynulé odtézovani rubaniny a zasobovani

¢elby i pomocnych sluzeb,

— stala kvalita zabudovavaného osténi pfedevaim z hlediska jeho nosnosti,

a tim vylouc¢eni havarijnich situaci v tunelu za Celbou,

- rychlé zapracovani osadek, stabilizace pracovnich et pro cyklické

prace, snadnd moznost ohodnoceni vykonu &et a stanoveni ukolovych

sazeb,

— zpravidla snadné a neskodné odvadéni prisakovych a technologickych

vod (i z hlediska horninového prostfedi),

a sufficient backfilling of the annulus behind the lining, secures a "univer-
sally sufficient loading capacity of running and station cast-iron lining along
the whole length of tunnel routes and access adits in the rock conditions of
the Prague metro".
Extensive tests and programs for measuring the. load and stress at the
reverse side, inside and in joints of the lining, realized in situ and on stands
in the scale 1 : 1, as well as on scale models proved that a full-wall seg-
mental lining, 200 mm thick, made from seven identical reinforced concrete
segments, each of the size 5.1/5.5 m, has the same universal loading capac-
ity as the imported cast-iron lining. That is why, starting from the operational
section LA, it became the only reinforced concrete lining produced in the
Czechoslovakia and installed in the tunnels of the Prague metro.
Also the design of the reinforced concrete segmental station lining could be
based on the time-tested type of lining of Kiev metro stations. As our lining
was not designed for an assembly in a driving shield, there was kept the
same face of the internal cross section of the reinforced concrete lining as it
was al the 7.80/8.50m-diameter cast iron lining. The thickness increase
affected the reverse side of the lining cross section, changing the diameter
to 7.80/8.80 m.
This lining was also tested not only by extensive calculations, but also both
by tests on stands and particularly by extensive lesls on profotypes of "rep-
resentatives”, i.e. segmenits BN, repeated regularly at about 2-years inter-
vals during the whole time of production of the said segments of the station
lining

THE RING METHOD, ITS ADVANTAGES

AND DRAWBACKS

Both advantages and some drawbacks related to the application of the said
method, assembling and sealing of the lining, and to the limited possibili-
ties of designing ereclors and purchasing missing equipment appeared
soon in the course of the tunnels driving by means of the ring method and
applying the principal imported equipment (erectors in the first place).

The advantages were as follows:

- a regular cyclical advance of excavation divided into short rounds

- a possibility to adapt blasting operations and ways of disintegration with
respect to actual conditions of the rock mass inclusive of allowable seismic
effects

- acceptable driving advances, for running tunnels about 3 m per 1 working
day, and at 'record advances” up to 5 m per one working day, for station
tunnels 1 to 1,5 m per 1 working day

- a quick installation of support with a permanent segmental lining together
with backfilling of the annulus behind the installed segments (tubings), thus
achieving the full loading capacity from the moment of installation at the
tunnel face, its interaction with the rock mass and a significant limitation of
the deformation development

- creation of a firm "final® floor, i.e. a firm base for rail-bound traffic ensuring
a continuous haulage of muck and transport of supplies for the tunnel head-
ing and auxiliary services

Obr 2) Vystavba sloupové stanice metra v Moskvé (konec 60. let minulého
stoletl

Fig. 2 Construction of a pillar type of metro station in Moscow (the end of the
sixties of the last century)
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luncl

~ vetsi poCet témér jednotnych mechanizaénich prostfedk( dostate¢né
robustni konstrukce (erektorl ale i nemechanizovanych §titd) usnadiioval
jejich udrzbu a opravy.

Za nedostatky Ize povazovat:

- nedostatecné dofedeni problémi zajisténi cela a lice vyrubu v ¢elbé po
dobu odtéZovani rubaniny a montaze i stabilizovani prstence skladaného
osténi,

- chybéjici moZnost mechanizace vrtnych praci pro rozpojovani trhavinami
i pro kotveni,

- nemoZnost kompletizovat razici prace ani dodatecéné jak v didsledku
nemoznosti rychlého odsunuti erektoru od Cela vyrubu, tak v disledku velmi
omezeného prdjezdného prifezu pod erektorem,

- velmi omezend mechanizace pro pomalé a velmi pracné stabilizovan(
(¢lkovani) prstencl osténi v bocich i klenbé a také pro diikladné zaplnéni
a utésnéni rubovych prostorl tak, aby se jednak omezily deformace horni-
nového prostfedi a nadlozi, jednak vyrazné omezila propustnost prostiedf za
rubem osténi,

- dosti pracné, nedokonalé a malo mechanizované tésnéni loZnych
i styénych spar osténi.

RAZENi TUNELU METRA POD MESTSKOU ZASTAVBOU

V dlsledku zmény jiZz rozestavéné podpovrchové tramvaje na stavbu klasic-
kého metra byla stavba sité prazského metra zahajena prvnim provoznim
usekem trasy C (tj. 1.C1 aZz 1.C4), ktera byla vedena v centru prostorem
kolem byvalych méstskych hradeb a také za Nuselskym mostem prochézela
Pankraci prakticky mimo zastavbu.

Pouze v Useku mezi Muzeem a Nuselskym mostem dlouhym asi 1,3 km,
razenym prstencovou metodou, byla podchéazena hustd méstska zéstavba
méstanskymi, zpravidla Gtyfpatrovymi cihelnymi domy z 19. stoleti. Na
Pankraci pak bylo podchazeno jen nékolik ojedinélych objektl a nékolik
téméF kolmych front obytnych doml, vybudovanych po 1. nebo 2. svétové
vélce. Tyto tunely byly razeny z&asti prstencovou metodou, z&asti pak
nemechanizovanymi §tity.

Peclivé sledovani zastavby bylo zajisténo jednak pfesnou nivelaci v ramci
dlouhodobého periodického méfeni i kratkodobého bezpecénostniho méreni
v obdobi aktualniho ovliviiovani podchazejici razbou, jednak pravidelnymi
kontrolnimi komisionelnimi prohlidkami, V ramci vyzkumnych tkold se pos-
tupné rozvijelo i sledovani deformaci a napétf jak v osténi, tak v horninovém
masivu pfislu§ného tunelu. Investor pak zajistil dikladné geologické sle-
dovani pfi vSech razbach a potfebnou sluzbu geologl pro véechny uéast-
niky stavby metra.

Takto byl od samého pocatku razeb tunell metra zajidtén "monitoring”
pomoci relativné jednoduchych prostfedki. Dikladné vyhodnocenf vysledkl
z provozniho useku I.C pak poskytlo nesmirné cenné poznatky a podklady
v8em Ucastnikim vystavby metra, podpofilo sebedivéru a odvahu pod-
chazet daldimi provoznimi Useky I.LA a .B nejcennéji historické centrum
Prahy, Staroméstské namésti se starobylou radnici, kostel sv. Havla s okolni

Obr. 3 Stavenisté v proluce Myslbek - 70. 1éta minulého stoleti (odsud
probfhala vystavba obou stanic Mistek A i B)

Fig. 3 Construction site at the Myslbek clearance - the seventies of the last
century (serving for construction of both Mustek stations, i.e. on the lines A
and B

- a permanent quality of the lining being built in, in terms of its loading
capacily in the first place, and, thanks to the quality, elimination of emer-
gency situations in the tunnel behind the heading

- a short learning curve period, stabilization of teams for cyclical works, an
easy possibility to evaluate the output of teams and determine piece rates
- a usually easy and harmless draining of water, both penetrating and tech-
nological (even from the point of view of the rock environment)

- a larger number of nearly uniform equipment of a sufficiently robust design
(erectors and non-mechanized shields) made the maintenance and repairs
easier

The drawbacks were as follows:

- an incomplete solution of the issue of the tunnel face and the excavated
rock surface support during the muck loading and stabilization of the seg-
mental lining ring

- a missing possibility to mechanize drilling operations for blasting and
anchoring

- an impossibility to complete driving works not even additionally, both due
to the impossibility to move quickly the erector back from the tunnel face,
and due to a very limited clearance under the erector

- an insufficient equipment for stabilization (packing) of rings on sides and
at the crown, and also for a thorough backfilling and sealing of the space
on the reverse side of the lining, limiting both the deformations of the rock
mass and overburden and the permeability of the material behind the lining
- a rather laborious, imperfect and poorly mechanized way of sealing of radi-
al and transverse joints

EXCAVATION OF TUNNELS UNDER
THE URBAN SETTING

Thanks to the conversion of the already started project of an underground
fram to a project of a conventional metro, the construction of the Prague
metro network can be considered as started on the first metro line section C
(i.e. 1.CI to 1.C4). This line passed through the downtown along former forti-
fication and, behind the Nusle bridge, it continued through the Pankréc dis-
trict, also practically beyond developed areas

Only in the section between the Museum and the Nusle Bridge, being about
1.3 km long, driven by means of the ring method, it led under a densely
developed area containing residential houses, usually four-storeyed brick
buildings from the 19th century. In Pankréc it underpassed some individual
buildings and several nearly rectangular complexes of tenement houses
built up after the World Wars I and Il. The said tunnels were driven partially
by means of the ring method and partially by means of non-mechanized
shields.

A careful monitoring of the buildings was secured both by means of an accu-
rate level survey within long-term measurements as well as short-term safe-
ty measurements carried out during the period when the buildings were
actually affected by the excavation passing underneath. In addition, regular
inspections by a special committee were carried out. In the framework of

Obr. 4 Ocelova vyztuz zakladového pasu pod sloupy stanice Mistek A
Fig. 4 Steel reinforcement of continuous foundation under columns of the
Mustek station, line A
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Tunel

Razba tratovych tuneld, a zejména pak razba tuneld stani¢nich véetng
celych prestupnich uzll (napf. pfestupni uzel Mistek se dvéma razenymi
sloupovymi stanicemi), ovlivitovala nejen nesmirné cennou historickou za-
stavbu, ale i komunikace a kfizovatky se silnym automobilovym a tramva-
jovym provozem, vyznamné podzemni sité, vcetn& pfestarlych hlavnich
kanalizaénich sbéracli, vodovodnich a plynovodnich fadl a dalkovych
kabelovych tras s mezinarodnimi "horkymi linkami®.

Diky dobré spolupraci véech Uéastnikl vystavby a zapojenf fady dalsich
organizaci (v ramci b&zné zadanych nebo vyzkumnych Ukold) se postupné
zdokonaloval monitoring projevi v tunelu, v horninovém prostiedi i ve véech
objektech v nadlozi a zejména i kvalita a rychlost jeho vyhodnoceni
a uplatiiovani vysledk( pfi dalsim fizenf raZzeb tuneld

MECHANIZOVANE STiTY A OSTENI
Z LISOVANEHO BETONU

Snaha o co nejvétsi ochranu, resp. minimalni ovlivnéni historické zastavby
vedla k nasazeni komplexné mechanizovaného razictho $titového komplexu
TS¢ B-3, dodaného ze SSSR. Hlava §titu mechanizované rozpojovala skalni
horninu v pIném kruhovém prifezu odvrtavanim pomoci vice nez 40 valivych
dlat. Télo &titu, chranéné ocelovym plaétém, neslo otacivou hlavu, pohonné
jednotky a dalsi nezbytna zafizeni pro vedeni §titu a ovladani hlavy. Zadni
cast 8titu byla déleng tak, aby rozpinavy prstenec po jeho rozepnuti do lice
vyrubu poskytoval nezdvisle oporu bud pro postupujici $tit s vrtnou hlavou,
nebo pro lisy za $titem zabudovavaného lisovaného betonu, pfipadné pro
obé Cinnosti sou¢asné. | kdyZz poruchové zdny si vyzadaly fadu predsti-
hovych opatfeni a sanac¢nich praci, které razbu velmi zpomalovaly, byly
Uspésné vyraZzeny tunely na trase |.A pod Vitavou ze stanice Malostranska
do stanice Staroméstska a jeden tunel od stanice Staroméstska do stanice
Muistek; na trase |.B pak tento §tit vyrazil severni tunel od Myslbeku za sta-
nicf Mlstek aZ do stanice Florenc.

Néaro¢na technologie kvalitniho lisovaného betonu zarucovala tésné vyplnéni
v8ech rubovych prostor na kontaktu s horninou a navic vyvozovala aktivni
tlak na lic vyrubu 2 az 6 barl.

Obr. 5 Razba spodnf ¢asti pfestupnfho tunelu na Mlstku s predrazenou
patnf §tolou

Fig. 5 Excavation of the bottom part of the interchange tunnel at Mustek, with
pre-excavated side-wall drift

ERNE Y ALY

Obr. 6 Razba kaloty stfedniho tunelu stanice Mistek A
Fig. 6 Central tunnel top heading excavation of the Mustek station

research tasks, the monitoring of deformations and stresses both in the me-
ing and the rock massif surrounding the particufar tunnel was de_veFQPmQ
step by step. Then the owner ensured a thoraugh geological monitoring at
all drives and the needed service of geologists for all participants of the
metro construction

In this way a monitoring of the tunnel driving was ensured from the very
beginning by means of relatively simple means. A thorough evaluation of
results from the operational section I.C resulted in a very important knowl-
edge and source documents for all participants of the metro construction. It
enhanced the self-confidence and courage for further operational sections
I.A and I.B to underpass the historic center of Prague, the Old Town Square
with the time-honored Old Town Hall, the Saint Havel Church with the neigh-
boring housing, Mistek with the church of our Lady of the Snow, the church
of the Holy Trinity, the Gun Powder Gate and the adjacent Art Nouveau
Obecni Ddm

The driving of running tunnels, and especially driving of station tunnels,
inclusive of the whole interchange nodes (e.g. interchange point at Mistek
with two driven pillar stations) affected not only the historically very valuable
buildings, but also roads and crossroads with a dense vehicular and tram
traffic, important underground networks, inclusive of very old sewerage col-
lectors, water-supply and gas pipelines, and long-distance cable routes with
international "hot lines".

Thanks to a good cooperation of all construction participants and the inte-
gration of many other organizations (within the framework of routinely
ordered or research tasks), the monitoring of the effects of driving on the
tunnels, on the rock mass and on all structures in the overburden improved.
First of all, the quality and quickness of the monitoring evaluation and appli-
catlion of its results on the further driving of tunnels improved considerably.

MECHANIZED SHIELDS AND PRESSED
CONCRETE LINING

The effort to achieve a maximum protection, or to minimize the influence on
historic buildings, resulted in an application of a tunnel boring machine,
then called a fully mechanized driving shield complex TS¢ B-3, delivered
from the USSR. The head of the shield, cutting with more than 40 disc cut-
ters, disintegrated the rock within the full circular cross section, The shield
body, protected by a steel skin, was provided with the rotary head, driving
units and other necessary equipment for guiding the shield and for control-
ling the culterhead. The rear part of the shield was split so that the expand-
ing ring, after its expansion against the rock surface, provided an inde-
pendent support either for the thrust cylinders advancing the shield with the
cutterhead, or for hydraulic cylinders pressing the concrete behind the
shield, or for both of the said activities simultaneously. In spite of the fact
that weakness zones required many measures and stabilization operations
to be performed in advance, by which the driving was slowed down, the tun-
nels under the Vitava River on the line I.A leading from the Malostranska to
the Staromésiska station, and one tunnel from the station Staroméstské to
the station Mistek were driven successfully. On the line 1.B, the said shield
bored the northern tunnel tube from Myslbek (behind the station Mistek) to
the Florenc station

An exacting technology of a high quality pressed concrete ensured a tight
filling of all reverse side spaces at the contact with the rock, and, in addi-
tion, it developed an active pressure upon the rock face equal to 2 to 6 bars
The application of mechanized shields removed unfavorable seismic effects
of blasting operations and considerably restricted loosening of the rock
massif behind the reverse side of the pressed concrete lining. Particularly
the 25 cm-thick pressed concrete lining exhibits a minimum of defects, has
the least requirements on maintenance and repairs and also a minimum of
leaks.

Obr. 7 Rezna hlava ruského mechanizovaného raziciho komplexu
nasazeného na razbu tralovych tuneld trasy A pod Vitavou (polovina 70. let
minulého stoleti)

Fig. 7 The cutterhead of the Russian mechanized boring complex (TBM) uti-
lized on running tunnels of the line A under the Vitava (the middle of the
seventies of the last century)
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Nasazeni mechanizovanych §titd odstrafiovalo nepfiznivé seismické G¢inky
trhacich praci a vyrazné omezovalo rozvolnéni horninového prostfedi za
rubem osténi z lisovaného betonu. Pravé osténi z lisovaného nevyztuzeného
betonu pfi tlousice 25 cm vykazuje nejméné poruch, méa nejmensi naroky na
udrzbu a Upravy a vykazuje i nejméné prisakd.

SNAHA O ZLEPSOVANI

Znagné Usili v8ech budovatell metra spolu se zapojenymi vyzkumnymi
a vyvojovymi pracovisti vedlo k odstranéni nebo alespon omezeni zjisténych
nedostatkd a pracnosti a ke zvy8eni kvality a bezpe¢nosti prace. Toto Usilf
bylo vyrazné podpofeno a zvySeno ustavenim narodniho tunelaiského
komitétu a jeho pfijetim za ¢lena ITA/AITES.

Hlavnim cilem zlepSovani bylo zvySeni vodotésnosti a pfesnosti skladaného
osténi. Prikladem byly Uspéchy nékterych osténi ukladanych za mechanizo-
vané &tity v rlznych &4stech svéta. Nasl snahou bylo umozZnit osazovani
takovych osténi i pfi prstencové metodé.

Po fadé studii bylo navrzeno osténi pro takové tunely bratislavské rychlo-

drahy a osténi pro stani¢ni tunely metra v Praze

Presnost vyroby a uprav loznych i styénych spéar dflcd, spolu se spoji
svorniky zaSroubovanymi do umélohmotnych hmozdinek v pfilehlych dilcich,
umozfiovaly bezpecné tésnéni pomoci paskovych ramd z gumy nebo EPDM
ptilepenych do drazek ve sparach po celém obvodu dilct.

K realizaci v8ak ani v jednom pfipadé jiz nedoslo v disledku politickych
i ekonomickych zmén koncem osmdesatych let. BohuZzel nepodafilo se pro-
sadit ani tzv. Ceskoslovenskou prstencovou metodu, coZz bylo v podstaté
vyuziti prostfedkd dogasného zajidtovani podle NRTM v Gelbé pfed razicim
erektorem k bezpetnému a rychlému zabudovani trvalého osténi!
Tyto snahy "shofely" na nedostate¢ném podchozim priiezu pod erektorem
a zejména nemoznosti (resp. hlemyzdf rychlosti) odsouvanf erektoru od ¢ela
vyrubu. Bez vykonné mechanizace pfed vyrubovym ¢elem nelze dosahnout
rubani zdbéru v optimalnim ¢ase ani bezpe&né potfebne docasné zajisténi
vyrubu (tj. ¢ela i lice zabéru). V disledku malé podpory a mozna i nevile
vrcholovych organd a velmi omezenych devizovych prostfedkd nebylo
mozno dosahnout vyrazné zmény technologickych postupd a nakoupit
k tomu potfebnou komplexni mechanizaci ze zapadu

ZAVER
V Praze se vyrazilo vice nez 100 km tratovych tunell metra, z nichZ vétsina
podchézela pod hustou zastavbou mésta véetné nejcennéj$ich historickych
pamétek a nékolikrat i pod korytem a zvodnélymi pobfeznimi terasami feky
Vitavy, pod hlavnimi stokami, vodovodnimi a plynovodnimi fady apod. To, Ze
pfi jednoduchych a omezenych "monitorovacich" postupech a prostfedcich
nedoSlo k Zadné velké Ci nenahraditelné Skodé, je jisté pozoruhodné
a svéddéi to o odpovédné praci a hlavné spolupraci véech Ggastnikl vystav-
by metra a pfizvanych organizaci.

S odstupem ¢asu povazujeme za vyznamné, Ze pfes ¢asto bouflivé organi-
zaéni zmény, kterymi prosli v8ichni d¢astnici vystavby, nikdy nebyly narude-
ny spole¢né zajmy a mnohé osobni kontakty spole¢né usilujicich spolupra-
covniku a partnerl o nejlepsi vysledky pro koneénou stavbu a provoz
metra.
Toto nad8ené Usili pfetrvalo a pfemohlo jak technické, tak politické obtize
doby "normalizace’, kdy uspéchy byly kolektivni a nelspéchy ohroZovaly
0sobné "oznaceného" vinika. Snad i proto byla soudrznost celého kolektivu
stavbaf( metra tak kompaktni i pfi rdznych vyvolanych $arvatkach
a mimofadnych udalostech.

Obr. 8 Bednéni pro ukladani lisovaného betonu za mechanizovanym
komplexem
Fig. 8 Shuttering for pressed concrete casting behind the TBM

STRUGGLING FOR PERMANENT IMPROVEMENT

A considerable endeavor of all meiro constructors, together with cooperal-
ing research and development institutes was directed to removal or at least
fimitation of disclosed defects and laboriousness, as well as to an improve-
ment of quality and safety of the work. The said endeavor was considerably
supported and intensified by establishment of the National Tunnelling
Committee and its admittance into the membership of the ITA/AITES.

The main direction for improving consisted in the improvement of watertightness
and accuracy of the segmental lining. The success of some linings installed by
TBMs in various parts of the world was taken as an example. Our effort aimed
to making it possible to install such linings even by means of the ring method.

After many studies there was designed a lining for such tunnels on the Bratislava
high-speed railroad and the lining for station tunnels of the Prague metro

The accuracy of production and treatment of radial and transverse joints in
the segmental lining, together with bolted joints using plastic dowels in adja-
cent segments, enabled a safe sealing by means of rubber or EPDM gasket
frames inserted in the joints around the whole circumference of the segments.
But not even in a single case did the realization take place. It was because
of the political and economic changes at the end of the eighties. Sorry to
state, not even the ‘Czechoslovak ring method" was enforced, which was in
fact only a utilization of means of a temporary support according to the
NATM at the tunnel face ahead of the driving erector for a safe and quick
installation of a permanent lining.

The said efforts were not successful due to the insufficient clearance under
the erector, and especially due the impossibility (or snail velocity) to shift
the erector away from the excavation face. Without an efficient mechaniza-
tion in front of the tunnel face, neither the excavation of one round in an opti-
mal time nor a safe temporary support of the excavation (i.e. the face and
sides of the excavation) can be ensured. Due to an insufficient backing and,
may be, unwillingness of top bodies and very limited funding in foreign cur-
rency, it was not possible to achieve a significant change in technological
methods and to buy the needed complete mechanization "from the West".

CONCLUSION

More than 100 km of metro running tunnels were driven in Prague, the major
part of which was constructed under a dense urban development, inclusive of
the most valuable historic monuments, and several times even under the bed
and water logged bank areas of the river Vitava, under sewer, water and gas
mains, etc. It is remarkable that no considerable or irrecoverable damage
occurred due to the application of so simple and limited monitoring methods
and means. It certifies that all participants of the metro construction and invit-
ed organizations worked responsibly and their cooperation was very good.
With laps of time, we consider as important the fact that, in spite of often
furbulent organizational changes experienced by all construction partici-
pants, the common interest and many personal contacts among collabora-
tors and partners struggling for the best results of the construction and
operation of the metro has never been compromised.

The said enthusiastic endeavor survived, and it surpassed both technical
and political problems of the “period of normalization', when a success was
collective and failures endangered particular person labeled “guilty’, This
also might have been the reason why the solidarity of the whole group of the
metro-builders staff was so compact even at various elicit quarrels and
extraordinary events.

Obr. 9 Konstrukce razené tfilodni stanice s minimalizovanymi pilffi
(80. -a 90. léta minulého stoleti)

Fig. 9 Structure of a mined three-bay station with minimized pylons
(the eighties and nineties of the last century)
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ARCHITEKTURA TUNELOVYCH
STAVEB PRAZSKEHO METRA

ARCHITECTURE OF TUNNEL
STRUCTURES OF THE PRAGUE METRO

ING. ARCH. EVZEN KYLLAR, METROPROJEKT Praha, a. s.,
HLAVNI ARCHITEKT PRAZSKEHO METRA V LETECH 1976 -1985

Tunel a architektura? Na prvni pohled souvisejici pojmy pouze spole¢nou
pfislusnosti ke stavebnictvi. AvSak v procesu pfipravy staveb prazského
metra je snad mozné prokazat nejen paraleini existenci, ale partnerstvi
a spolupraci.

Architektura, jako jeden z vyrazné syntetickych obord lidské Cinnosti, se
netykd pouze vytvarné, ¢i dopliikové nebo dekaraéni stranky naseho hmot-
neho prostfedi, ale v jednom ze svych odvétvi formuje Uzemni, prostorovou,
krajindfskou i estetickou kompozici nasich sidel a v jinych navrhuje
uspofadani budov v8eho Udéelu, organizaci prostori a fedeni interiérd.
V téchto souvislostech ma co fici specialistim fesicim stavebni, statické,
technické ¢&i provozni stranky staveb. MUZe ovlivnit zakladani, statiku
staveb, technické zafizeni, osvétleni, tvarovani a barevny vyraz ¢asti nebo
delaild staveb

Architekti se podileji na prostorové koncepci, dispozi¢nim uspofadani jed-
notlivych objektd stanic metra i na jejich zakomponovani do struktury mésta.
Problematika lokalizace stanic, smérového a vyskového feseni trasy
a zaClenovani jednotlivych objektl do méstského prostiedi je vstupni ¢in-
nosti, kterd je dzce propojend se zaméry rozvoje mésta, vyjadienymi
v Uzemnim planu. Touto problematikou se zabyvaji nejcastéji urbanisté
pracujici pod hlavickou mésta /magistrat, Gtvar rozvoje, nebo byvalého
Utvaru hlavniho architekta/. Do této sloZité situace jedté vstupuji naroky
povrchovych druhl dopravy - Zeleznice, tramvaji, autobus(, individualni
automobilové i pési, lodni i letecké. Sladit v8echny a mnohé dal$i poZzadavky
v celoméstskych souvislostech ¢asto vypadalo jako nefesitelny rébus, nebot
mésto a Zivot jeho obyvatel a navstévnikl je velmi proménlivy a navic exis-
tence metra jej sama proménuje.

Koncepce stanice metra se musi nejen organicky zapojit do sou¢asného
stavu méstského prostfedi, ale musi svym uspofadanim umoZziiovat uréitou
miru flexibility pro realizaci dnes nepfedvidatelného rozvoje lokality.
Pfedvidani budoucnosti v8ak musi byt realistické a rozumné, aby nepodva-
zovalo provoz v sou¢asnosti

Samoziejmé pri tvorbé celkové koncepce hraji roli technické moZnosti,
celkové naklady a spole¢enska situace.

Tunelované - razené - stanice se na prazském metru v souc¢asné dob&
vyskytuji pouze na trasdch A a B. Trasa C md vsechny stanice budované
s povrchu, a tudiz jejich architektonické ztvarnéni je podfizeno jinym zakoni-
tostem a pozadavk(im, nezli je tomu u stanic hlubinnych. Prvni razena stan-
ice na trase C je v sou¢asné dobé v pfipravé a bude o ni zminka na konci
tohoto ¢lanku.

Architektura stanic I. Useku trasy A byla avlivnéna nejen malou znalosti
problematiky metra obecné, velmi vyrazné politickou situaci a z¢asti i ome-
zenosti materidlového sortimentu véetné mizivé pruznosti dodavatell. Tyto
okolnosti poznamenaly pfedevsim prostorovou skladbu nastupistnich ¢asti
stanic. Pro pét ze sedmi stanic bylo rozhodnuto pouZit uspofadant trojlodni
se zkracenou stfednf lodi s mohutnymi pilifi vymezujicimi maly poget pri-
chodl a osovou vzdalenosti koleji 23,40 m. Tato vcelku tradiéni koncepce
neumoziiovala ziskat prostorové celistvy efekt nastupistniho prostoru a bylo
nezbytné pracovat s kazdym tunelem zvlast. Pilife nebyly vertikalnimi pod-
porami, ale ¢&stmi horninového masivu tunelu. Podafilo se nepfevzit tradic¢ni
sovétské technologie na feSeni interiér( stanic a byla vyvinuta zcela nova
technologie suché montaze vnitintho plasté, ktera obsahuje protivodni plast
s podvésenym rodtem pro interiérovy obklad hlintkovymi lisovanymi a eloxo-
vanymi deskami. Na pilifich a sténéach se uplatnila obdobna soustava Zeber
s vloZzenymi deskami "destniku" protivodni izolace a rostem lidt nesoucich
drazkované kamenné desky.

Tehdej&i hlavni architekt metra Dr. Otruba vypracoval princip sjednoceni
a rozliSeni jednotlivych stanic: Klenebné c¢asti nastupistnich tuneld budou
jednotné obloZeny deskami v barvé svétlého bronzu, vyjadiujicimi pfislunost
k jedné trase A. Stanice se budou odlisovat barevnymi pasy s odstupfio-
vanou sytosti na sténach za kolejistém a rozlicnou skladbou a volbou druhd
kamennych obkladd na sténach nastupisté a pilifQ. Jednotna také byla Gpra-
va podlah na néstupisti. Eskalatorové tunely byly rovnéz jednotné obkladany
hlintkovymi lamelami a osvétlovany pfi¢nymi deskami se zafivkami

A tunnel and architecture? At first glance these terms cohere only because
both of them belong to the vocabulary used in the field of civil engineering.
Although, it might be possible to prove not only their parallel existence, but
also their partnership and collaboration in the process of the Prague metro
planning

Architecture, as one of markedly synthetic fields of human activity, does not
concern the artistic, or complementary or decorative aspects of our material
environment only. It also, in one of its branches, forms the territorial, spatial,
landscape and aesthetic composition of our settlements. In other branches,
it designs layouts of buildings of all purposes, organisation of spaces and
solution of interiors. In those connections, it addresses specialists solving
the structural, static, technical or operational aspects of structures. It can
influence foundation, the statics of structures, technical equipment, illumina-
tion, and shaping and colour-related expression of components or details of
structures/buildings

Architects participate in the spatial conception and disposition arrangement
of individual objects of metro stations and in their incorporation into the
urban structure

The issue of the location of stations, the design of the alignment and level of
a metro line and incorporation of particular metro structures into the urban
environment is solved as first. This activity is closely connected with the
intentions of the city development expressed in the municipal plan. This
issue is the business of town planners, who mostly work with the city (the
City Hall, the Department of Development or the former Department of the
Chief Architect). In addition, this complicated situation is further complicat-
ed by the entry of the surface traffic modes, i.e. by railway, trams, buses,
individual passenger and pedestrian traffic, shipping and air traffic. The task
to reconcile all of them plus many other requirements in the city-wide con-
text often seemed to be an insoluble rebus since the city and the life of its
inhabitants and visitors are very changeable and, on top of that, the exis-
tence of the metro proper changes them.

Not only has the conception of a metro station to be incorporated into the
existing status of the urban environment in an organic way, but it also has to
enable a certain degree of flexibility for the development of the given locali-
ty, which is hardly predictable loday. Although, the process of predicting the
future must be realistic and reasonable so that it would nol restrict the traffic
at present.

Evidently, technical capabilities, overall cost and social situation must be
considered when the overall conception is being developed.

Tunnelled, i.e. mined stations currently occur on the lines A and B of the
Prague metro. All stations on the line C are cut-and-cover therefore their
architectonic style abides by other rules and requirements than the style of
deep-seated stations. First mined station on the line C is currently being
under preparation. It will be mentioned at the end of this article,

The architecture of the stations on the section | of the line A was affected not
only by a low level of knowledge of the metro issues in general, but also,
very significantly, by the political situation, and partly by the limited material
assortment including very low flexibilty of contractors. Above all, those cir-
cumstances affected the spatial arrangement of the platform sections of the
stations negatively. It was decided for 5 out of seven stations that the three-
bay arrangement would be used with a shortened central bay, with mighty
pylons delimiting a small number of passages, and the track centre distance
of 23.40m. Due to this rather traditional conception a spatially integral effect
of the platform area could not be achieved. It was necessary to work on each
tunnel tube individually. The pylons were not vertical supports, they were
parts of the rock mass of the tunnel. A success was that traditional Soviet
techniques how to solve interiors of the stations did not have to be taken
over. A completely new technique of a dry assembly of internal lining was
developed, which comprises a leak diversion shell with a suspended framing
for internal cladding using pressure moulded eloxally coated aluminium pan-

" els. A similar system of ribs with inserted sheets of the waterproofing insula-

tion forming "an umbrella’, and the framing supporting grooved stone
slabs/tiles was applied on the pylons and walls
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Obr. 1 Stfednf tunel stanice Mistek 1A (sloupovd) s prestupnim eskala-
torem do stanice Mlstek IB

Fig.1 Central tunnel of the Mustek IA station (pillar type) with an inter-
change escalator leading to the Mustek IB station

Dr. Otruba, then the chief architect of the metro, developed a principle of
unification and contradistinction of individual stations: the vaults of the plat-
form tunnels would be clad in unison in panels in the colour shade of light
bronze, expressing the pertinence to one line, the line A. The individual sta-
tions would differ in coloured strips with graduating shade richness on the
walls behind the rails, and in a varying composition and choice of the kinds
of stone cladding on the walls of platforms and pylons. Also the platforms
floor surface was unified. Escalator tunnels were also clad in unison in alu-
minium lamellas and illuminated by transversal panels with fluorescent
tubes.

In a way, the Mustek station was exceptional, The architect managed to put
through much more progressive structure of a station with columns and pas-
sages between them along the whole length of the platform. The main argu-
ments used in the process of deciding on the choice of this type of station
were the anticipated passenger traffic flows in peak periods resulting from
the fact that the station was located in the city downtown and transfer of pas-
sengers to the line B was planned for the future. Those arguments were also
helpful in deciding on the construction of the both escalator tunnels leading
to the concourse booking hall at Musiek and to the underpass at the centre
of Wenceslas Square. Today we can state that it was a fortune for this sta-
tion that it was equipped at this top level not only in view of the traffic flow,
but also, above all, in architectonic and psychological views. If we compare
the spatial impression of the Muzeum and Muslek stations, both of which are
interchange stations on the same line, we must state that the desired elimi-

Obr. 2 Stfedni tunel stanice Florenc IB (sloupové s roz§ifenou stfednf lodi)
se zadsténym pfestupnim schodistém ze stanice Florenc IC

Fig. 2 Central tunnel of the Florenc IB station (pillar type with widened
central bay) with an interchange escalator leading from the Florenc IC
station

Obr. 4 Bo¢ni tunel stanice Hloubé&tin na trase VB (pilifovd s minimalizo-
vanymi pilifi)

Fig. 4 A side tunnel of the Hloubetin station on the line VB (pylon type with
minimized pylons)

Obr. 3 Bo¢ni tunel stanice Museum 1A (klasicka pilifovd)
Fig. 3 A side tunnel of the Museum IA station (conventional pylon type)
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Svym zpisobem vyjimeénou stanicl je Mistek, kde se podafilo prosadit
mnohem pokrogilejsi konstrukei sloupové stanice s prichody po celé délce
nastupiété. Hiavnim argumentem pfi rozhodovani o volbé lohoto typu slanice
byly predpokladané zatéZové proudy cestujicich ve Spickach vyvolanych
lokalizaci stanice v centru mésta a pfi budoucim pfestupu na trasu B. Tylo
argumenly laké napomohly vystavbé obou eskalatorovych tunell do vestibu-
lu na Mistku a podchodu uprostied Vaclavského namésti. Dnes mizeme
konstatovat, Ze bylo §léstim tuto stanici vybavil na této vrcholné Grovni nejen
z hlediska zatézi, ale predevsim z hledisek architektonickych a psychlogic-
kych. Porovname-li prostorovy viem stanic Mistek a Muzeum - obou pfes-
tupnich na téZe trase, musime konstatoval, Ze Zzadouci eliminace ne-
piiznivych efektd podzemnich prostordl je podstatng GCinN&si pfi uvol-
néném, dostatedné oplicky otevieném uspofadani stanice sloupove, nez
stanice pilifové. Je samoziejmé, Ze sloupové - draz8i stanice, jsou oprav-
néné v lokalitdch s vysokymi zatézemi, ale je Zadouci tuto vyznamnou zku-
genost aplikoval na slanice pilifové.

Proto jiz na l. Gseku trasy A bylo ovéfeno pouZill uZSich, plné montovanych
pilift ve stanici Jifiho z Podébrad. Ostatni stanice majl konstrukéni
uspofadani jest& tradicni, u stanice Zelivského vsak s vétsim poétem pri-
chodl. Nastupisté stanice Flora je standardni.

Principy trasy A zaloZené na |. Useku byly plné uplatnény take na tomto
iseku, zasadni zménou je v3ak novéd tprava konstrukce vnitfniho plasté,
umozhujici dokonalejsi ochranu proti prisakim vody. Taklo modifikovana
konstrukce byla aplikovana v plném rozsahu i na ostatnich stavbach praz-
ského metra.

Novinkou také bylo zménéné oplésténi eskalatorového tunelu, ktery véak
jesté nebyl roz&ifen.

Architektura stanic trasy B vychazi z jiz zminénych zamérQ docilit u hlubin-
nych tunelovych nastupidtnich prostor(l stanic maximaini uvoinénost a ce-
listvost. Pro &tyfi stanice |. Gseku trasy B byl po zkusenoslech ze Il Useku
trasy A zkonstruovan jiz ryze “praZsky” model pilifove stanice se zmenseny-
mi pillfi a zuzenim osové vzdalenosti koleji 0 2,4 m na 21 m. Bylo dosaZeno
palrn@ nejvy3si sublility pilift. Kromé toho bylo po dlouhych a dpornych jed-
nanich dosaZeno pro viechny pillfové slanice vétsiho podtu prichodd mezi
stedni a boénimi lodémi. U stanice Andé| - tehdy Moskevska, diive Lidicka,
prvotni nazev Andél, na plnou délku 27 pard prichodd, u stanic Karlovo
nam. a Nam. Republiky 18 pard a Narodni tfida 15 pard. Pro srovnani na
nastupistich stanic trasy A: Hradganska 7 par( prichod(, Malostranské jen
5, Staroméstska 8, Nam. Miru rovnéz 8, Jiftho z Podébrad 7, Flora 6, a Zeliv-
ského 10 parl priichodl. Vrcholu prostorovych moznosti v dané dobé bylo
dosaZeno u stanic Mustek a Sokolovskd, u nichz se podafilo realizovat
sloupové stanice s roz§ifenymi stfednimi lodémi. Hlavnim argumentem toho-
to konstrukéniho uspofadani byla pfestupni Uloha obou téchto stanic.
Propojeni jednotlivych tunelovych prostorl sloupovych stanic je napo-
mozeno jesté podélnou orientaci sloupli proti pfi¢nému uspotadani pilitd
stanic pilifovych.

Kromé nastupistnich prostord se podatilo uvolnit i eskalatorové tunely
roz&ifenim na 8,0 m.

Jestlize hlavnfho efektu prostorového uvolnénf ndstupist stanic trasy B bylo
dosazeno fyzickymi Upravami konstrukce, musela téz volba skladby a mate-
riald na formovani vnitiniho plasté odpovidat zékladnimu cili, jenz spocival
v eliminaci stisnénosti podzemnich staveb. Proto byla jako jednotici motiv
stanic trasy B zvolena bild nepfimo osvétlend klenba vech vefejnosti pfi-
stupnych prostorti, a praklicky z téchze diivody byl také zvolen dosud neob-
vykly material obkladl - sklo v rliznych podobach. § vyjimkou stanice Andél,
kiera se stala politickym dilem, je vétdina pilifovych stanic na celé trase B
obklddéna na sténach a pilifich sklenénymi tvarovkami nebo deskami
vrstveného bezpeénostniho skla Conex. Na sloupech a sténdch sloupovych
stanic jsou uplatnény keramické tvarovky, jez prochazeji i ¢asti pfestupnich
chodeb.

Autor tohoto &lanku zastaval tehdy funkci hlavniho architekta a formuloval
principy sjednoceni a rozliSeni stanic véetné materidlové stranky. Byl
propagatorem aplikace skla a troufa si dnes konstatoval, ze vsechny formy
skla, uplatnéné na trase B pfes vSechny problémy spojené s jejich
ohrozenim v provozu, jsou ve vysledném architeklonickém vyrazu uspes-
n&j&i, ne? ponékud folklorni &i rustikalni vyraz véech druht keramiky. Sklo je
precizn&isi, vznedendji a vice odpovidé velkorysosti prostorové koncepce
néastupidtnich prostord. Také vice odpovida sougasnému trendu architektury,
propagujici *high technology".

Pro montaze vnitiniho plasté v8ech stanic trasy B byly vyvinuty & modi-
fikovany metody suchych proces(, viechny prostory jsou chranény proti
prisakim podzemni vody izolaénim plastém s podstatné vylepSenymi des-
kami ¢asto z nerezového plechu.

Na obklad vrchlikil kleneb byl specialné vyvinut melaminovy kart Ecrona,
kiery se v soucasné dobé pouZivd pfi rekonstrukcich stanic na trase A,
v eskaldtorovych tunelech a v jinych aplikacich. RovnéZ pro trasu B byla
vyvinuta tzv. svodidla obepinajici sloupy a pilife pro ochranu proti ndrazim
a nyni se pouZivajf jiz obecné.

Pro soustiedéni svitidel, rozhlasu, informaéniho systému a kabeldZe byl pro
trasu B vyvinut sdruZeny nosi¢ - véalcové téleso nad hranou nastupisté nebo
ve stfednich lodich sloupovych stanic. Technicky vyvoj umoznil podstatnou
miniaturizaci, takze dnes jiz nemusi mit prdmér 600 mm, ale pfiblizné
250 mm a je zav&sovan nad hranu nastupist pfi rekonstrukcich na trase A
nebo v novych stanicich ostatnich tras. Jeho modifikace v eskalatorovych tu-
nelech trasy B rovn&Z doznala tpravy a je sougasti rekonstruovanych eska-
latorovych tunell na trase A.

Vrcholem konstruk&nfho uspofadani tunelovych nastupistnich prostord je
bezesporu jednolodni feeni, Dovoluje v nejvy$si mife dosdhnout uvolnénos-
ti a otevienosti prostoru. N&kolikrat v minulosti se jiz schylovalo k aplikaci

nation of unfriendly effects of underground spaces is substantially more effi-
cient at the relaxed, sufficiently optically opened disposition of the station
with columns than that of the station with pylons. It is abvious that the more
expensive column slalions are beneficiary in locations with high traffic vol-
umes, bul it is advisable lo apply this important experience on pylon stations
too.

For that reason the use of narrower fully assembled pylons was lested sub-
sequently on the section If of the line A, in the Jiriho z Podebrad station. The
structural arrangement of the other stations is still traditional, although in the
Zelivskeho station there is a bigger number of passages. A standard plat-
form is in the Flora station.

The principles of the line A established on the section | were fully applied on
this section too although, a principal modification consisted in a new design
of the structure of the internal cladding, which allowed a more perfect pro-
tection against seeping water. This modified structure was applied in full
extent on the other sites of the Prague metro.

Another innovation was the changed cladding in the escalator tunnel.
Although, this one has not been spread yet.

The architecture of stations on the line B stems from the above referred to
intentions to achieve maximal relaxation and integrity of the platform sec-
tions of stations at deep-seated tunnels. Based on the experience gained on
the section Il of the line A, a purely "Prague’ model of a pylon station with
reduced pylons and the track centre distance reduced by 2.4m to 21m was
designed for 4 stations on the section | of the line B. Probably the highest
subtlety of pylons was achieved there. In addition, a bigger number of the
passages belween the cenlral and side bays was achieved for all the pylon
stations alter tedious and tenacious discussions. 27 pairs of the passages
along the whole length of the platform were in the Andel station, then called
Moskevska station, Lidicka before, originally Andel. The Karlovo Namesti
and Namesti Republiky stations had 18 pairs, and the Narodni Trida station
15 pairs. For comparison with the station platforms on the line A: the
Hradcanska station 7 pairs of passages, Malstranska § only, Staromestska
8, Namesti Miru also 8, Jiriho z Podebrad 7, Fiara 6, and Zelivskeho 10 pairs
of passages. The top of the spatial potential available at the time given was
reached at the Mustek and Sokolovska stations, where column stations with
widened central bays were successfully constructed. The main argument for
this structural arrangement consisted in the interchange role of the two sta-
tions. Interconnection of the individual tunnel spaces in the column stations
is improved thanks to the longitudinal orientation of the columns as opposed
to the transversal arrangement of pylons in pylon stations.

In addition to the relaxation of the platform spaces, also escalator tunnels
were relaxed by their widening to 8.0m.

Since the main effect of the spatial relaxation of the station platforms on the
line B was achieved by physical modification of the structure, also the
choice of the composition and materials used for the forming of the internal
cladding had to correspond to the basic target, which consisted in the elim-
ination of narrowness of underground structures. For that reason, white
coloured, indirectly illuminated vaults in all public circulation spaces
were elected as a unifying motif for all stations on the line B. Practically for
the same reasons a till then unusual material of the cladding was chosen,
i.e. various forms of glass. With the exception of the Andel station, which
became a political project, the majority of the pylon stations on the whole
line B is clad on the walls and pylons by glass shaped pieces or panels of
Conex laminated safety glass. Terracotta tiles are applied on the columns
and walls of column stations. This cladding is also on the walls of a part of
passenger interchange passages.

The author of this article performed the function of the chief architect then,
and formulated the principles of unification and contradistinction of stations
including the aspect of materials. He promoted the application of glass, and
even today he dares to state that all forms of glass applied on the line B,
despite all troubles associated with the thread they are exposed to during
the metro operation, are in the resultant architectonic expression more suc-
cessful than the rather folkloric or rustic expression of alf kind of terracotta.
Glass is more precise, more majestical, and it better corresponds with the
breadth of the spatial conception of the platform spaces. It also better cor-
responds with the contemporary trend in the architecture promoting the high
technology.

Dry processes techniques were developed or modified for installation of the
internal cladding of all stations on the line B, all spaces are protected
against seeping ground water by an insulation shell, with substantially
improved panels often made from stainless steel sheets.

Especially for the cladding of the vault crowns, melamine-based panels
Ecrona were developed, which are currently used in refurbishment of the
stations on the line A, in escalator tunnels and for other applications. Also
for the line B, there were developed so-called barriers embracing the
columns and pylons to protect them against impacts. Nowadays, their use is
a commonplace.

To concentrate luminaires, public broadcast, information system and wiring,
there was a combined bearer, i.e. a cylindrical body above the platform
edge or in the central bays of column stations. The technical development
made a significant miniaturisation possible to such a degree that the diame-
ter of the bearer does not have to be of 600mm any more, but roughly
250mm only. It is suspended above the platform edges as a part of refur-
bishment operations on the line A or in new stations of the other lines. Its
variant developed for escalator tunnels was also modified, and became
a part of the refurbished escalator tunnels on the line A.

Undoubtedly, the top level of the structural arrangement of platform spaces
in tunnels is represented by the one-vault design. It allows achieving the
highest level of relaxation and openness of the space. Several times in the
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tohoto nejudinnéjsiho zplsobu prostorové koncepce. Dosud vak zfejmé
vzdy zapUsobila sloZitost a patrn& i cena nad vyslednym efektem. Lze v8ak
mit zato, Ze souhrnné cena zapocitavajici tunelovou konstrukci i naklady na
vnitfni plast v porovnani s napf. pilifovou stanici nebo dokonce sloupovou by
v piijatelnych geologickych pomérech nemusela vyjit jednoznaéné v nepro-
spéch jednolodni stanice. ZkuSenosti ze silni¢nich tunetd Strahovského
a nyni i z Mradzovky mohou pfinést sniZzeni problém( i v podminkéach prazské
geologie. Stanice Kobylisy na IV. useku trasy C se feSenim néstupiété na
jednolodnim principu dostava na $pici prostorové koncepce a stane se zcela
jisté konkurentem architektonicky i konstrukéné nejvyznamnéjsich stanic
prazského metra. Pfedstava o vzhledu jejiho nastupisté je na obrazku na ti-
tulni strang.

Snad je mozné vyjadfit ndzor, Ze stejné jako na trase A, tak i na trase B se
podafilo v procesu pfipravy najit fadu novych ¢i neobvyklych feseni architektu-
ry tunelovych staveb, které se staly ¢asem standardnimi nejen pro metro, ale
i jinde. VSechny formy uspofadani vnitfnich plastt jsou viak nahraditeiné a
zménitelné podle poZadavkl doby za relativné pfijatelny peniz, Avsak zna¢né
draze vychézeji Upravy tunelovych konstrukci, pokud jsou vibec redlné, jedna-
li se 0 zasadni prostorovou zménu. Proto si dovoluji apelovat na velkorysost pfi
koncipovani a dimenzovani podzemnich prostort, které budou slouzit vefej-
nosti s cilem eliminovat nebo alespori omezit nebezpedi stisnénosti zejména
u tunelovych staveb, jakymi jsou razené stanice podzemnich rychlodrah.
Z&dna dekorace nemlze zcela vylougit pocit strachu z podzemi, kdyZ je dany
prostor fyzicky maly. Pro pfiklad Ize navstivit prvni linku buda-pestského metra
s pétilodnimi stanicemi sloZenymi z tratovych tunell. Dovoluiji si pfedpokiddat,
Ze i tyrdy Usporny mechanismus pfi uvolfiovani prostfedkd na tunelové stavby
vezme v Uvahu, Ze jsou realizovany pro sluzbu vefejnosti a Ze musi poskytovat
kvalitni prostiedi tém, ktefi je uzivaji - cestujicim.

Obr. 5 Obkladové desky stani¢nich tuneld trasy A
Fig. 5 Cladding panels in station tunnels of the line A

past the application of this most efficient kind of the spatial conception was
very close. However, the aspect of complexity, and probably the aspect of
cost too, have always prevailed over the aspect of the resulting effecl.
Although, it can be assumed that the aspect of the total cost covering the
cost of the tunnel structure and the cost of the internal cladding, compared
for example to a pylon station or even a column station, would not have to
be, under acceptable geological conditions, unambiguously disadvanta-
geous for the one-vault station. The experience gained on the Strahov road
tunnel and currently on the Mrazovka tunnel too can be used for mitigation of
problems even in the conditions of the Prague geology. The Kobylisy station
on the section 1V of the line C is winning primacy in the spatial conception
through the design of its platform based on the one-vault principle. Certainly
it will become a competitor of the architecturally and structurally most promi-
nent stations of the Prague metro. Idea of its appearance is in the cover
page picture.

It might be possible to express the opinion that a series of new or unusual
solutions of the architecture of tunnel structures were found in the process of
planning both the line A and B, which have become a standard not only for
the metro, but also elsewhere. However, all forms of the internal cladding
design are replaceable with time and changeable according to the future
demands at a relatively low cost. On the other hand, much more expen-
sive are modifications of tunnel structures, if they are feasible, in a case
of a change in the spatial design. For that reason | dare to appeal for broad-
mindedness in outlining and dimensioning the underground spaces which
will serve the public, taking into consideration the aim of eliminating
or at least limiting the risk of creation narrow confined spaces, namely at
such the tunnel structures as mined stations on underground high-speed
lines.

Obr. 6 Montaz obkladu stfedniho stani¢niho tunelu razené stanice trasy A
Fig. 6 Installation of cladding in a central tunnel of a driven station on the
line A
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MODELOVANi VLIVU PODPURNYCH
TECHNOLOGICKYCH OPATRENI NA REDUKCI
DEFORMACI TUNELOVEHO NADLOZI

MODELLING OF THE EFFECT OF SUPPORTING
TECHNICAL MEASURES ON REDUCTUION
OF TUNNEL OVERBURDEN

PROF. ING. JIRI BARTAK, DrSc., CVUT FSv
ING. MATOUS JILAR, M.Sc., SATRA, s. 1. 0.

"1.0voD

Severozapadni sektor méstského dopravniho okruhu v Praze obsahuje tfi vyz-
namné silniéni tunely velkych profild, Zatimco Strahovsky tunel je jiz
v provozu, tunel Mrazovka je ve vystavbé a tunel Blanka (pod Stromovkou) je
ve stadiu projektové piipravy. Kromé téchto staveb je planovana vystavba
nékolika dalich silni¢nich tunell na vnéjsim obchvatu mésta (tzv. expresnim
okruhu). Pro vétsinu téchto tunelll jsou charakteristické velmi obtizné geolo-
gické poméry prazského ordoviku (v nékterych oblastech pfipadné siluru ¢i
svrchniho proterozoika); v prevazujicim ordoviku jsou problematické jak malo
stabilni horninové masivy jilovitych bfidlic, rozrudené témérf vzdy fadou tekto-
nickych poruch, tak obtizné rozpojitelné prokfemenélé bfidlice a kfemence.
Daléi spole¢nou charakteristikou vystavby novych tuneld bude s velkou
pravdépodobnosti pouZiti Nové rakouské tunelovaci metody, i kdyz u tunelu
Blanka a nasledujicich nenf radno v tomto “punktu" pfedbihat udalostem.

Pfi razbg tuneld velkych profild pomoci NRTM v prostoru méstské zastavby
je velmi ddiezité predem co nejvystiznéji stanovit prostorovy charakter
a velikost budoucich deformaci tunelového nadlozi a zejména povrchu
Gzemi. UdrZeni deformaci horninového masivu, zakonité vyvolanych razbou
podzemniho dila, v mezich neohroZzujich stabilitu objektld v nadloZi, je jednim
z preferovanych zajmld vsech U¢astnik( vystavby. Pro vérohodnou kvan-
tifikaci vlivu rlznych technologickych postupl a podpdrnych opatfeni pfi
razb& pomoci NRTM na velikost deformaci nadloZi jsou dobfe pouZitelné
vysledky matematického modelovani, konfrontované s nékterymi zasadhimi
vystupy observacnich méfeni, charakterizujicimi skute¢né provedeni dila
Nasledujici analyza vlivu rdznych technologickych opatfeni na redukci
deformacl, kterd je vztazena k Uspé$né probfhajicl razbé tunelu Mrazovka,
dava velmi nazorny kvantitativni pfehled a mize byt vyuZita pro kvalifiko-
vané posouzenf Géinnosti moZnych podplrnych opatfeni v podobnych geo-
logickych podminkach

Razba zépadni tunelové trouby (ZTT) tunelu Mrazovka zapocala od se-
verniho portalu na zacatku roku 1999 (Eisenstein, Salag, Skrabek, Zapletal,
2000). Clenéni vyrubu bylo navrieno horizontalni, co? obecng znamena
pomérné jednoduchou postupnou razbu a primarnf vystrojovani kaloty, jadra
a dna tunelu. Kalota véak méla pomérné velké rozméry (Sitka 16 m, vyska
6,5 m) a brzy po za¢atku stavby se zagaly ve velmi obtiznych geologickych
pomérech (fada po sobé nasledujicich tektonickych poruch) projevovat
deformace provizorniho osténi tunelu a povrchu Uzemi nad tunelem, které
piekratovaly o&ekavané hodnoty deformaci stanovené na zékladé vysledkd
z nékolika alternativ matematickych modell. Pro vystavbu tunelu pouZitd
technologie Nové rakouské tunelovaci metody, kterd principialné umozriuje
zplsob vystrojovani operativné ptizpUsobovat ménicim se podminkam
razby, spravng vyuzila v nepfiznivych podminkach moznych podplrnych
opatieni; kromé zpevriujici injektaze, provadéné v predstihu z prizkumné
toly, bylo realizovano kotveni, roz8ifovani pat kaloty, mikropilotové pode-
pfeni pat kaloty, zvaZovala se moZnost uzavirani kaloty provizorni spodni
klenbou (invertem). Navzdory témto opatfenim se dafilo deformace ustalit
vzdy aZ po uzavfeni celého primarniho osténi; zasadni obrat ve velikostech
dil¢ich i kone¢nych deformaci pfinesla az v daldich profilech provedena
zména ¢lenéni ¢elby z horizontalniho na vertikalni.

Cilem tohoto pfispévku je kvantitativni zhodnoceni G¢innosti jednotlivych
podplrnych opatfeni. K danému rozboru byl vybréan profil km 6,160 (obr. 1.)
Tento profil patii mezi tzv. vyhodnocovaci profily, do nichZ je u tunelu
Mrazovka vZdy soustiedéna vét§ina typl pouzivanych observaénich méfeni.
Na zakladé vysledkd méfeni byly provedeny sblizovaci vypodty (Hilar,

INTRODUCTION

The north-western sector of the City Circle Road in Prague contains three
major road tunnels of large profiles. While the Strahov tunnel has already
been operating, the Mrazovka tunnel is under construction and the Blanka
tunnel (under the Stromovka park) is in the phase of planning. Apart from
those projects, construction of several other road tunnels is projected on the
external city loop road (so-called express ring). Very difficult geological
conditions of the Prague Ordovician, in particular areas of the Silurian or
Upper Proterozoic, are characteristic of most of those tunnels, Both little sta-
ble rock massifs of clayey shales (almost always broken by a series of tec-
tonic faults) and with difficulty excavatable quarltziferous shales and
quartzites are problematic in the prevailing Ordovician. In all probability,
another common characteristic of new tunnels development will be the use
of the New Austrian Tunnelling Method. Although, for the Blanka tunnel, it is
not advisable to outrun events regarding this aspect

It is very important for excavation of large-profile tunnels by the NATM in an
area of urban development to determine the spatial character and the mag-
nitude of future deformations of the tunnel overburden, namely those of the
area surface, as accurately as possible. Keeping the deformations of the
rock massif induced regularly by excavation of an underground works within
the limits not jeopardising the stability of buildings on the surface is one of
preferred objectives of all participants of the construction works. Results of
mathematical modelling confronted with some basic outputs of observation-
al measurements characterising the real execution of the works are suitably
applicable for a plausible quantification of the influence of various tech-
niques and supporting technical measures applied on a NATM excavation.
The following analysis of the influence of various technological measures on
reduction of deformations, which relates to the successfully progressing
drive of the Mrazovka tunnel, provides a very graphic quantitative overview,
and can be utilised for a qualified assessment of effectiveness of the sup-
porting measures applied in similar geological conditions.

The driving of the western tunnel tube (WTT) of the Mrazovka tunnel started
from the north portal at the beginning of the year 1999 (Eisenstein, Salac,
Skrabek, Zapletal, 2000). Horizontal sequencing of the excavation was
designed. Generally, this sequencing means a rather simple successive
excavation and installation of primary lining of the tunnel top heading, bench
and invert. However, the dimensions of the top heading were large (width of
16m, height of 6.5m), and deformations of the temporary tunnel lining and
the area surface above the tunnel, which crossed the anticipated values of
the deformations determined on the basis of results gained from several
alternatives of mathematical models, started to appear due to the very diffi-
cult geological conditions encountered (a series of successive tectonic
faults) soon after the beginning of the construction work. The New Austrian
Tunnelling Method applied on the tunnel construction, which in principle
allows an operative accommodation of the support system to changing exca-
vation conditions, reasonably utilised the supporting measures applicable in
the unfavourable conditions, i.e. anchoring, widening of the top heading
legs and micropile support under the top heading legs were performed in
addition to reinforcing grouting, performed in advance from the exploratory
gallery. Also an option of closing the top heading by a temporary invert
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Obr. 1 Podéini fez tunelem Mrazovka v oblasti portalu (podklad SATRA, s.r.o.)
Fig. 1 Longitudinal section through the Mrazovka tunnel in the area of the north portal (by SATRA, s.r.0.)

2000), které chovani a vystupy matematického modelu pfizplsobily (zejmé-
na prostfednictvim cilené selekce vstupnich geotechnickych parametri)
zminénym vystuplm monitoringu. Vliv jednotlivych podplrnych opatfeni na
velikost deformaci tunelu a nadloZf byl kvantifikovan porovnanim odpovida-
jicich svislych deformaci stropu tunelu s hodnotou vypoétenou pro tzv.
upraveny model.

Nutno konstatovat, Ze zvétsené deformace, provazejici razbu s horizontélng
¢lenénou Celbou (obr. 2.), nikde nevedly ke ztraté stability horninového
masivu a §kodam na objektech v nadloZi a na povrchu Uzemi. Poklesy terénu
v lesoparku Mrazovka nebyly prakticky vizualn& patrné a po asi 120 m razby
byly vyrazné a trvale snfZzeny vlivem pfechodu na vertikalni ¢lenéni Gelby
(obr. 3.) pod pfipustnou deformaci terénu 60 mm.

2. POPIS VYCHOZIHO MODELU

Numericka analyza byla provadéna pomoci programového systému PLAXIS.
Tento program je zaloZen na algoritmu metody kone&nych prvki a je

was considered. Despite those measures, stabilisation of the deformations
was always achieved after the closure of the whole primary lining only. A
principal turn in the magnitude of partial and final deformations was suc-
cessfully reached later, thanks to the change in the face sequencing from
the horizontal to the vertical one.

The objective of this article is to assess the effectiveness of the individual
supporting measures quantitatively. The profile at km 5.160 (see Fig. 1) was
selected for this analysis. This profile is one of so-called assessment pro-
files, which most types of observational measurements used on the
Mrazovka tunnel is concentrated to. On the basis of the results of the meas-
urements, convergence calculations were made (Hillar, 2000), which adapt-
ed (primarily by means of a structured selection of input geological parame-
ters) the behaviour and outputs of the mathematical model to the above
referred to monitoring outputs. The influence of particular supporting meas-
ures on the magnitude of the tunnel and overburden deformations was quan-
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Obr. 2 Horizontalni ¢lenéni vyrubu v oblasti severniho portalu

Fig. 2 Horizontal sequencing of tunnel face at the north portal (photo J. Altman)

Obr. 3 Vyrub s vertik&lInim ¢lenénim p¥i uzavirani spodni klenbou
Fig. 3 Vertical sequencing at closing of the excavation by invert
(photo J. Altman)

specialné zaméfen na vy8etfovani napjatosti a deformaci geotechnickych
konstrukci. Nevyhodou pouzité verze programu je nemoznost realizace pros-
torového modelu, takze vypoclty byly provedeny na zakladé obvyklého pfed-
pokladu rovinné deformace. Prostorové chovani oblasti ¢ela vyrubu a vy-
stizenf jeho vlivu na deformace a napjatost masivu bylo simulovano ¢asto
uzivanym postupem zatéZovani vyrubu a osténf formou tzv. B-metody. Hlavnf
my$lenka této metody spo&iva v tom, Ze plvodni napjatost P, pusobici v
okoli budouci tunelové trouby, je rozdélena na dvé &asti: na ast (1-B)Px,
pUsobici na nevystrojeny vyrub a na &ast BPx, plsobici na vystroje-ny tunel.
Pfi aplikaci B-metody pro Gcely modelovani ¢lenéné Celby tunelu je postup

tified by means of a comparison of relevant vertical deformations of the tun-
nel roof with the values gained by calculation made for so-called modified
model

It must be stated that the increased deformations attending the excavation
with horizontally divided face (see Fig. 2) did nowhere cause any loss of sta-
bility of the rock massif and any damage to the buildings at the surface level
of the area. Virtually, the surface subsidence in the Mrazovka forest park
was not visually recognisable, and it was significantly and lastingly reduced
after about 120m of the initial excavation advance under the allowable sur-
face deformation limits, as a result of the transition to the vertical face sec-
tioning (see Fig. 3)

2. DESCRIPTION OF THE STARTING MODEL

The numerical analysis was carried out by means of the PLAXIS program
system. This program is based on the algorithm of the Finite Element
Method, and is especially focused on examination of state of stress and
deformations of geotechnical structures. The fact thal creation of a 3D
model is impossible for the program version used is its disadvantage. Three-
dimensional behaviour of the excavation face area, and correct description
of its influence on the deformations and the slate of stress of the massif,
were simulated by means of a frequently used procedure of loading the
excavation and lining using the so-called B-method. The main idea of this
method consists in the principle that the original state of stress pk existing in
the vicinity of a future tunnel tube is divided into two parts, i.e. part (1-B)px,
acting on the unsupported excavation, and part Bp., acting on the supported
tunnel. The procedure is similar for application of the B-method for the pur-
pose of modelling a divided tunnel face, although it is necessary to repeat it
with the real state of stress for each partial excavation,

Geometry of the starting model of the profile at km 5.160 covers an area
about 200m wide and 110m high. The modelled area is divided into eight
basic sub-areas according to the types of the rock encountered (see Fig. 4).
The strata are layered sub-horizontally, the tectonic fault declines at an
angle to horizontal plane of about 30°. The surface of the modelled area cor-
responds to the actual declination of the slope towards the east.

The rock mass behaviour was approximated by means of the Mohr-Coulomb
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obdobny, je v8ak nezbytné jej opakovat s aktudinim napjatostnim stavem pro
kazdy dfl&i vyrub.

Geometrie vychoziho modelu profilu km 5,160 zahrnuje oblast o $ifce 200 m
a vy$ce 110 m. Modelovana oblast je rozdélena na osm z&kladnich
podoblasti podle typl zastiZenych hornin (obr. 4.). Vrstvy jsou uloZeny sub-
horizontalng, tektonicka porucha je odklonéna od vodorovné roviny o asi
300. Povrch modelované oblasti odpovid4 skute¢nému sklonu svahu
smérem k vychodu.

Chovani horninového masivu bylo aproximovano elasto-plastickym Mohr-
Coulombovym modelem. Vstupni parametry horninového masivu (Ege v, 1)
byly stanoveny na zakladé vysledkd inZenyrsko-geologického priizkumu
(Hudek, 1999). Modul pietvarnosti tektonické zény byl urten podle vysledkl
zatézovacich zkoudek deskou.

Osténi prizkumné $toly je rozdéleno na hornf &4st (klenba s opérami) a dno,
osténi vlastni tunelové trouby se sklada z horni klenby, opér a spodnf klen-
by, Parametry osténi (EA, El, v, y) byly stanoveny v souladu s realizacni
dokumentaci (Némecek et al,, 2000). Vnitfni oblast tunelové trouby byla
rozdélena na tfi podoblasti, které vystihuji horizontalni ¢lenéni Selby na kalo-
tu, jadro a dno. Modelovani realizace tunelu bylo rozdéleno do deviti zéklad-
nich stavd, které vystinuji pribéh pobirani a vystrojovani. Simulace téchto
stavl byla provedena pomoci aktivace a deaktivace jednotlivych oblasti
modelu.

4. VERIFIKACE VYCHOZIHO MODELU

Pro ovéieni vhodnosti matematického modelu se stfednimi hodnotami vstup-
nich geotechnickych parametrl (vychozi model) bylo pouZito porovnéni teo-
reticky zjisténych deformaci s velikostmi ziskanymi z monitoringu (Kole¢kaf,
Zemanek, 2000). Pribgh narlstu modelovych deformacf sice pomérné dobfe
vystihoval Gasovy pribéh méfeni, absolutni velikost vypoétenych deformaci
véak byla o asi 35 % nizsi. Zajimavé bylo zji§téni, Ze vypo&tené deformace
velmi dobie vystihovaly deformace méfené v den uzavieni spodni klenby
tunelu (rozdil sedani povrchu 5 mmj.

Vzhledem k nesouladu vypoctenych deformaci se skutednosti bylo nutné
vychozi model upravit, Provedend parametrické studie prokdzala, Ze soubgh
nepfiznivych hodnot geotechnickych parametrd horninového masivu
(v mezich stanovenych IG prizkumem) mbZe byt piiginou vzristu sku-
teénych deformaci nad hodnoty vypo&tené pomoci matematického modelu.
Napf. pti pouZiti deformagnich modull z okrajd stanovenych intervald se
vypodtené deformace terénu pohybovaly od 102 mm do 232 mm.

Z tohoto divodu byly velikosti vstupnich geotechnickych parametrd horni-
nového masivu v modelu upraveny tak, aby vypottena svisla deformace
stropu tunelu odpovidala skutegnosti. Véechny vstupni parametry byly vole-
ny v limitech uréenych 1G prizkumem, velikost modull pfetvarnosti nebyla
nikdy volena pffmo na spodni hranici stanovenych intervald. Vypodtené hod-
noty deformaci byly porovnany s extenzometrickym méfenim; Ize konstato-
vat, e vystupy upraveného modelu vykazuji pomérné velmi dobrou shodu s
méfenou skute&nosti (tab. 1), a proto byla veskerd dalsi analyza provadéna
s upravenymi vstupnimi parametry. Vysledné vypoctené svislé deformace
vrcholu klenby tunelu (s uvazovanim vlivu priizkumné toly) byly 215 mm
{obr. 5.).

Tab. 1 Srovnan( poklest nadloZnich vrstev (bez viivu prizkumné Stoly)

model. Input parameters of the rock mass (Ege, N, €, ¢, y) were determined
on the basis of the engineering—geologi'cal investigation results (Hudek,
1999). The modulus of deformation of the tectonic zone was determined
according to the results of plate bearing tests

The lining of the exploratory gallery is divided into an upper part (roof with
side walls) and floor, the lining of the tunnel tube proper consists of the roof,
side walls and invert. Parameters of the lining (EA, El, v, y) were determined
in compliance with the detailed design (Némedek et al., 2000). Internal area
of the tunnel tube was divided into three sub-areas, which correspond with
the horizontal sequencing of the tunnel face into top heading, bench and
invert. The modelling of the tunnel construction process was divided into
nine basic states, which describe the process of excavation and the support
installation. Simulation of those states was carried out by means of an acti-
vation and deactivation of the individual areas of the model.

4. VERIFICATION OF THE STARTING MODEL

A comparison of the theoretically determined deformations with the values
obtained by monitoring (KoleGkaf, Zemanek, 2000) was used for the verifica-
tion of applicability of the mathematical model using mean values of the
input geotechnical parameters (the starting model). The curve illustrating
the increase in the model deformations with time was similar to the curve
using measured values, although the absolute magnitude of the computed
deformations was lower by about 35%. An interesting finding was that the
computed deformations described the deformations measured on the day of
closing the tunnel invert very well (the difference in the surface subsidence
of 5mm).

Because of the disharmony between the computed deformations and the
reality, it was necessary to modify the starting model. A parametric study,
which was developed, proved that the concurrence of unfavourable values
of the geotechnical parameters of the rock mass (within the limits deter-
mined by the geotechnical investigation) could be the cause of the increase
in real deformations over the values computed by means of the mathemati-
cal model. For example, when moduli of deformation at the limits of the
determined intervals were used, the computed deformations of the surface
ranged between 102mm and 232mm.

For that reason, the magnitude of the input geotechnical parameters of the
rock mass was changed so that the computed vertical deformation of the
tunnel roof corresponded with the reality. All the input parameters were cho-
sen within the limits determined by the EG investigation, the magnitude of
deformation moduli was never chosen just at the lower limit of the specified
intervals. The computed values of deformations were compared with the
extensometric measurement. It is possible to state that the outputs of the
modified model exhibit rather very good consistency with the measured rea-
lity (see Tab. 1), therefore all the remaining analysis was carried out with the
use of the changed intput parameters. The resulting computed vertical
deformations of the tunnel crown, with the influence of the exploratory
gallery taken into consideration, were of 215mm (see Fig. 5).

Table 1 Comparison of subsidence of the overhead layers (without influence of the exploratory gallery)

Oznadeni (viz. obr.4) Hioubka pod povrchem Vychozi model Upraveny model Extenzometrické méfenf
Markin (see' Fi ’4) Depth under the surface Starting model Modified model Extensometric measurement
¢ & (m) {mm) (mm) (mm)

A 0 105 140 146

B 11,7 116 174 178

(0} 15,7 122 183 182

D 17,7 127 189 187

E 18,6 135 199 194

8. VYSLEDKY MODELSVANI PODPURNYCH OPATREN(

Ve zkeumanom profllu km &, 160 byla modelovéna sanaénl (zpeviiujicl) Injek-
142 2 prizkumné Btoly, ddle kotven! 16 svorniky Iy&)u SN délky 4 = 8 m),
mikropllolové podepten! pat osténl kaloty (irubky G 70/7 mm délky @ m),
neprovedend dotasnd spodnl klenba kaloly a neprovedend verlikaln

5. RESULTS OF THE SUPPORTING MEASURES

MODELLING

Saving (relnforcing) grouting Injected from the exploratory gallery, anchor-
Ing by 16 SN rockbolts 4-6m lang, microplie support of the legs of the top

slenanl Golby; byl sledovan | vilv prizkumné ftoly, Vystupy modell odpovl-
dalefch tamio podplrnym opatfenim |sou vzla2eny k celkovym evialym
deformacim slropu lunelu upravendho medalu, v nleh2 [@ zahrut | vilv
prazkumné &toly.

headlng lining (plpes dla. 70/7mm, 8m long), not performed temporary Invert
of the top headlng, and not performed vertical sectioning of the face were
modelled at the Investigated profile at km 5.160. The Influence of the
exploratory gallery was also menitered. The outpute of the models corre-
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Obr. 4 Rozdéleni modelu na podoblasti dle typ homin
Fig. 4 Division of the model into sub-areas according to the rock types

\

Obr. 5 Svislé deformace hominového masivu s oznaéenim
extenzometrickych bod(

Fig. 5 Vertical deformations of the rock massif with extensometric
points marked

5.1 MODELOVANIi ZPEVNUJICi INJEKTAZE

Injekénf vrty byly provedeny z jednoho ohniska v ose prlizkumné $toly ve
sklonu 30 az 36° od podélné osy tunelu a radialné rozvinuty, ¢imz vytvofily
jeden véjif {obr. 6.). Tyto véjife byly od sebe vzdaleny v podéIném sméru
3,5 m. Po realizaci byly vrty osazeny injekénimi ocelovymi manzetovymi
trubkami 35 / 5,0 mm. Jako injekéni smés byla pouZita bentonitem stabilizo-
vana cementova smés (Sperger, Hrabanek, 2000).

Vyhodnoceni efektu injektaze na zlepSeni mechanickych vlastnosti horni-
nového masivu bylo provedeno presiometricky (Hudek, Verfel, ChmelaF,
1998). Kontrolni presiometrické zkousky byly situovany do jadrovych vrtd
prdméru 60 mm, které byly umistény do véjitQ lezicich uprostfed mezi
injek¢nimi véjiti. Z hlediska posouzeni deformaci masivu pfi tunelovani byl
nejdllezitéjsim vysledkem statisticky vyhodnocenych zkouSek presiomet-
ricky modul pretvarnosti, ktery byl stanoven vzdy z linearni pseudoelastické
faze pietvarného diagramu. Z vysledkid série presiometrickych zkousek
vyplynulo:

- Deformagni modul proinjektovanych hornin se zvétsil v priméru o 64 %

- Soudrznost proinjektovanych hornin se zvétsila v priméru o 49 %.

Do geomechanického modelu bylo zvy$eni tuhosti proinjektované oblasti
horninového masivu zavedeno zvy$enim modulu pfetvarnosti Ey 0 64 % jed-
notlivé pro v8echny proinjektované vrstvy. To odpovida zavérim prove-
denych injektaznich pokus(; ve vice rozruSenych vrstvdch horninového

T N ___5zvtralbfidice -+

Vrty sanaéni injektaze
Saving grouting
bore holes

Obv. klenba san. inj.
Circumferential vault
of the saving grouting

Priizkumna stola
Exploratory gallery

LIngew preeits Budouci profil
tunel. trouby
Future profile
of the tunnel tube

Obr. 6 Schéma provedeni zpeviiujici injektaze
Fig. 6 Scheme of the saving grouting execution

sponding to those supporting measures are put into relation with the aggre-
gated vertical deformations of the tunnel roof in the modified model, which
also contain the influence of the exploratory gallery.

5.1 MODELLING OF THE REINFORCING GROUTING

Grouting boreholes were drilled from one centre on the centre line of the
exploratory gallery, at an angle of 30 to 36°from the longitudinal axis, in a
radial array, creating one fan (see Fig. 6). These fans were 3.5m apart in the
longitudinal direction. Sleeve grouting steel pipes (tube-a-manchette) dia.
35/5.0mm were inserted into the boreholes after the drilling. Cementitious
mixture stabilised by bentonite was used as the grouting mix (Sperger,
Hrabdnek, 2000).

Evaluation of the effect of the grouting on improvement of mechanical prop-
erties of the rock mass was performed by means of pressiometry (Hudek,
Verfel, Chmelal, 1998). The pressiometric check tesis were situated into
core boreholes of 60mm in diameter, which were placed into fans located in
the middle between the grouting fans. From the point of view of evaluation of
the rock mass deformations during tunnelling, the most important result of
the statistically evaluated tests was the pressiometric modulus of deforma-
tion, which was always derived from the linear pseudo-elastic phase of the
stress-strain curve. It followed from the results of the series of the pressio-
metric tests that:

- The modulus of deformation of the grouted rock increased by 64% on the
average.

- Cohesion of the grouted rock increased by 49% on the average.

The increase in the toughness of the grouted area of the rock massif was
introduced into the geomechanical model through increasing the deforma-
tion modulus Ey, by 64%, individually for all grouted layers. This corre-
sponds with the conclusions of the grouting trials performed; the results of
the grouting were worse in more disturbed layers of the rock massif than
those achieved in more compact areas. The increase in shear strength of the
rock mass was introduced into the model by a similar manner.

The outputs determined by the modelling show that the grouting performed
causes reduction of deformations by 22mm (about 10%). One of the reasons
is probably the insufficiently large area of the grouted rock (an area up to
the distance of 4m from the tunnel tube lining was injected). It follows from
the model that subsidence of the overall injected area occurs, thus it can be
assumed that the effect would be greater with increasing of the area.
Another reason of the lower effectiveness is the influence of the notable tec-
fonic faull existing at the monitored profile. The left-hand part of the injected
area rests on a zone of a lower quality rock, and plastification of this zone
occurs due to unfavourable physical-mechanical parameters. As a result,
also the subsidence of the injected vault is higher.

A model without the tectonic fault was developed separately. The reduction in
deformations caused by the reinforcing grouting amounted to 56mm then,
which suggests a significant influence of this supporting measure (nearly 30%).
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masivu byly vysledky injektaZze hor$i nez v kompaktngjsich oblastech.
Obdobnym zplsobem bylo zavedeno zvySeni smykové pevnosti horninového
masivu v modelu

Vystupy zji$téné modelovanim ukazuji, Ze provedena injektaz zplsobuje
snizeni deformaci 0 22 mm (cca 10 %). Jednim z divodU je pravdépodobné
nedostate¢né velka oblast proinjektované horniny (byla proinjektovéna
oblast do 4 m od osténi tunelové trouby). Z modelu vyplyva, ze dochazi
k poklesu celé proinjektované oblasti, takZe l|ze predpokladat, Ze se
zvétsenim oblasti by byl efekt vyssi, Dalsim divodem nizsi G¢innosti je vliv
yyrazné tektonické poruchy ve sledovaném profilu. Levé ¢4st proinjektované
oblasti je opfena o zonu méné kvalitni horniny a vlivem $patnych fyzikalné-
mechanickych parametrd této zény dochazi k jejimu zplastizovani (obr. 7.);
tim je i pokles proinjektované klenby vy$si.

Samostatné byl vytvofen model bez tektonické poruchy; redukce deformaci
vlivem zpevnujici injektdZe pak ¢inila 56 mm, co? iz pfedstavuje vyznamny
vliv tohoto podplirného opatieni (téméf 30 %).

V souvislosti s modely zpeviujici injektaze je nutné zminit, ze rovinné mode-
ly nezahrnuji pfiznivy prostorovy efekt tohoto opatfeni, ktery nemusi byt
zanedbatelny.

5.2 MODELOVNIi SVORNIKOVE VYSTROJE

V profilu byly pouzity svorniky typu SN, tvofené ocelovou tyéi priméru
32 mm z betonafské oceli 10425, Tyce byly osazovany do vrtd priméru

Plastické oblasti v masivu
Plastic areas in the massif

Obr. 7a Zplastizovani horninového masivu pii vylomu kaloty
Fig. 7a Plastification of the rock massif on the top heading excavation

Plastické oblasti v masivu
Plastic areas in the massif

Obr. 7b Zplastizovani hominového masivu pii plném vylomu
Fig. 7b Plastification of the rock mass at full face excavation

Regarding the models of the reinforcing grouting, it is necessary to note that
planar (1D) models do not take into consideration the favourable spatial
effect of this measure, which does not have to be negligible.

5.2 MODELLING OF THE ROCKBOLT SUPPORT

SN type of rock bolts made from deformed reinforcing bars, steel grade
10425, 32mm in diameter, were used at the profile. The bars were inserted
into bore holes 48mm in diameter filled with cementitious mortar. The bolts
were 4m long. The rock bolts were installed along the tunnel perimeter at 2m
spacing, also their spacing in the longitudinal direction was of 2m.
Modelling of rock bolts is a general problem of most planar numerical mod-
els. Out of the 4 types of the pursued models of anchoring (fixation along the
overall length of the bolt, fixation at the root and head of the boll, approxi-
mation by force effects, improvement of shear strength at the grouted area
of the massif), and relatively suitable qualitative image of the influence of
rockbolts on final deformations is provided by the model of rockbolts fixed in
the massif at the root and in the lining at the head. Although, from the aspect
of quantity, the originating reduction in subsidence of the tunnel overburden
compared to the reality is evidently slightly overestimated.

The results of the complex modelling of the anchoring show a fundamental
(and known) influence of the length of the time lap between installation of the
rockbolts and installation of the primary lining. Rockbolts installed simulta-
neously with the lining improve the final magnitude of deformations by up to
90mm (45%). However, if a bigger time lag between installation of the lining
and the bolts occurs, the maximum resulting improvement is substantially
lower (18mm, i.e. 9%). It is obvious that, with respect to the performance
technique, it is difficult to perform the anchoring simultaneously with appli-
cation of shotcrete on the lining. However, minimisation of the installation
time lag makes the effect of the anchoring substantially more significant
Although, generally, it is possible to install the rock bolts directly on the rock
face before installation of the primary lining if the self-supporting stand-up
time of the rock is favourably long

5.3 THE MODEL OF THE MICROPILING SUPPORT

Pipes 70mm in diameter with wall thickness of 7mm were used for the top
heading support. The length of the right-hand micropile is of 12m (the length
of the root of 8m), the length of the left-hand micropile is of 9m (root length
of 6m). The micropiles were anchored by means of pressure grouting by
cementitious mortar. The micropiles were installed under the widened legs
after the lining concrete of the top heading had set.

The influence of the time lag between installation of micropiles and applica-
tion of shotcrete on the top heading lining showed in the results of the
micropiling support of the top heading legs, similarly as it did at the ancho-
ring modelling. If the support had been installed simultaneously with the lin-
ing, the resulting deformations would have improved by 65mm (33%).
Delayed installation of micropiles with a certain time lag (when a part of the
arch subsidence has already passed off) means a significant reduction of
the resulting effect (26mm only, i.e. 12%).

Obr. 8 Schema ¢lknéni eleb u tunelu Mrazovka
Fig. 8 Scheme of the faces sectioning at the Mrazovka tunnel
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48 mm vypInénych cementovou zalivkou. Délka svornikd byla 4 m. Svorniky
byly osazovany po obvodu tunelu s rozte¢i 2 m, jejich vzdalenost v podél-
ném sméru byla rovnéz 2 m.

Modelovani svornik( je obecnym problémem vétsiny rovinnych numerickych
modeld. Pomérng wvystiZnou kvalitativni pfedstavu o vlivu svornikll na
kone¢né deformace poskytuje ze 4 typl sledovanych modeld kotvenf (upnutf
po celé délce svorniku, upnuti v kofeni a hlavé svorniku, aproximace silovy-
mi Gcinky, zlepSeni smykové pevnosti v prokotvené oblasti masivu) nejlépe
model svornikdl pevné upnutych v kofeni do masivu a v hlavé do osténi; po
strance kvantitativni je v8ak vznikla redukce sedéni tunelového nadloZi proti
skuteénosti zfejmé ponékud nadhodnocena.

Vysledky komplexniho modelovani kotveni ukazuji zasadni (a znamy) vliv
velikosti Casové prodlevy mezi osazenim svornikd a provedenim primarnino
osténi, Svorniky osazené zarovefi s osténim zlep$uji koneéné deformace az
0 90 mm (45 %). Pokud véak dojde k vét&i prodlevé mezi osazenim osténi
a svornik(, je maximalnf vysledné zlep$eni podstatné nizsi (18 mm, tj. 9 %).
Je zfejmé, Ze vzhledem k technologii provadéni je obtizné provést kotveni
zaroven s nastfikanim osténi, avak minimalizace ¢asového odstupu osazeni
¢ini asinek kotveni podstatné vyznamnéj$im. Obecné je oviem mozné, v pfi-
padé pfiznivé dlouhé doby stability nevystrojeného vyrubu, provést kotveni
pfimo na lic vyrubu jesté pfed provedenim primarniho osténi.

5.3 MODEL MIKROPILOTOVEHO PODEPRENI

K podepfeni kaloty pomoci mikropilot bylo pouZito trubek prdméru 70 mm
o tloustce stény 7 mm. Délka pravé mikropiloty je 12 m (délka kofene 8 m),
délka levé mikropiloty je 9 m (délka kofene 6 m). Ukotveni mikropilot bylo
provedeno pomoci tlakové injektdze cementovou zélivkou. Mikropiloty byly
osazeny po zatuhnuti osténi kaloty pod rozsifené paty.

Podobné jako u modelovani kotven( se pfi modelovani mikropilotového pode-
pfeni pat kaloty projevil ve vysledcich vliv odstupu osazeni mikropilot od

a7 OQ/\

00C.)

Obr. 9 Modelovani vertikalniho ¢lenéni ¢elby (Stoly pobirany ve dvou lavkach)

High concentration of stresses in the concrete of the vault leg at the contact
with micropiles played the main role in the realisation proper. Those siress-
es caused subsequent penetration of the micropiles through the lining. This
means that the expected effect of the given measure did not correspond
with the effect theoretically suggested by the results of numerical analyses.
it is absolutely necessary for the success of the micropile support action to
solve the detail of the interconnection of the micropile heads with the lining
performed beforehand (which is a rather complicated matter) and to ensure
their installation to be performed as promptly as possible.

5.4 MODELLING OF THE TEMPORARY INVERT
OF THE TOP HEADING

The temporary closing of the top heading by invert is a measure, which can
be applied to influence deformations of tunnel lining at horizontal sequenc-
ing of the tunnel face effectively. Although, this measure is not welcome with
respect to the fluent and economic progress of the works.

Again, two models were developed. In the first one, theoretical installation of
invert simultaneously with the top heading lining, in the other one, the top
heading vault was installed first and the invert was installed at the other
step. Computation results show that the time lag in the course of the works
execution has a significant influence on the resulting effect again. The
immediate closing of the top heading by the invert would cause reduction of
resulting deformations by 45mm (22%); over against, if the performance is
delayed, this measure would be of no substantial importance. It is necessary
to state that these conclusions, justified greatly in assessment of the rock-
bolt support, are purely theoretical for temporary invert of the top heading.
For one thing, it is practically impossible to close the whole top heading lin-
ing, and for another, in the first place, this measure is usually applied under

O O

O

O O°

Fig. 9 Modelling of the vertical sectioning of the face (drifts excavated in two benches)
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nastfikani osténi kaloty. Pokud by bylo podepfeni provedeno sougasné
s osténim, vysledné deformace by se zlepsily o 65 mm (33 %). Osazeni
mikropilot aZ v ur¢itém ¢asovém odstupu (kdy &ast poklesu horni klenby jiz
prob&hla) znamena znatné snizeni vysledného efektu (pouze 25 mm, ij.
12 %).

Pri vlastni realizaci sehrala hlavni dlohu vysok4 koncentrace namahani
v betonu paty klenby na styku s mikropilotami. Tato namahanf vedla
k nasledné penetraci mikropilot skrz osténf, takze dané opatfeni nepfineslo
otekavany efekt, ktery vysledky numerické analyzy teoreticky avizujf.
K Uspé3nému pisobeni mikropilotového podepieni je nezbytné nutné vhod-
né vyfesit detail spojeni hlav mikropilot s jiz provedenym osténim (coz je
pomérné komplikovana zaleZitost) a sou¢asné zajistit jejich co nejrychlejsi
osazen.

5.4 MODELOVANi DOCASNE SPODNi KLENBY KALOTY

Docasné uzavfeni kaloty spodni klenbou je opatfenim, kterym je mozno d¢in-
né ovliviiovat deformace tunelového osténi pfi horizontalnim &lenénf ¢elby
tunelu, z hlediska plynulého a ekonomického postupu praci vdak toto
opatfeni neni vitané.

Modely byly opét vytvofeny dva. V prvnim bylo modelovdno teoretické
osazeni spodnf klenby zarover s osténim kaloty, v druhém byla nejprve
osazena horni klenba kaloty a spodni klenba byla vytvofena az v dalSim
kroku. Vysledky vypoctu ukazuji, Ze velky vliv na vysledny efekt mé& opét
¢asova prodleva pfi provadéni. Okamzité uzavienf kaloty spodni klenbou by
pfineslo redukei vyslednych deformacich o 45 mm (22 %), proti tomu v pfi-
padé pozdni realizace by toto opatfeni nemélo valny vyznam. Nutno konsta-
tovat, Ze tyto vyvody (vyznamnou mérou oprdvnéné pfi posuzovani
svornikové vystroje), jsou pro doc¢asnou spodni klenbu kaloty "pusté" teoret-
ické. Jednak je prakticky nemozné okamzité uzavirani celého osténi kaloty
véetné spodni klenby, jednak (a to pfedevsim) je toto opatfeni pouZivano ve
stavu nouze pravé s nezanedbatelnym odstupem od &elby, nedochazi-li
v ¢ase k ustalovani deformaci primarniho osténi.

Vypoctené hodnoty vnitfnich sil ukazuji, Ze s rostouci prodlevou pfi realizaci
docasné spodni klenby kaloty se jejich velikost vyrazné zmen3uje (asi aZz o
2/3), pfesto dodateCné provadény styk v paté osténi kaloty by mél byt
schopen pfenést vSechny tfi typy vnitfnich sil.

5.5 MODELOVANIi VERTIKALNIHO GLENENi CELBY

Ptechod z horizontalniho na vertikalni ¢lenéni Celby umozfiuje vyrazné
omezeni velikosti deformaci (obr. 8.). Pro modelovani bylo pouzito vertikalni
schéma ¢Elenéni Eelby realizované v dal$im prdbéhu razby tunelu Mrazovka.
VyztuZeni osténi boénich S§tol bylo pfevzato z realizatni dokumentace
(stfikany B25 tloustky 250 mm, Zzebra BRETEX 1*25 a 216 mm).

Modely pfi vertikalnim zpdsobu &lenéni Selby byly vytvofeny dva. Divodem
byla snaha o postihnuti vlivu zplsobu pobirani boénich $tol na vysledné
deformace. Prvni model postihuje razbu bo¢nich $tol ve dvou lavkach (obr.
9.), kdy spodni ¢ast §tol je razena az po provedeni horni ¢asti osténi, druhy
model uvazuje razbu celé bo¢ni §toly najednou.

7 modelovych vysledkd vyplyvd, Ze pokud by byly boéni Stoly pobirany
najednou plnym profilem, kone¢na deformace by byla 114 mm (o 101 mm, tj.
47 %, niz§i nez kone¢na deformace pfi horizontalnim &lenéni). Pokud by byly
Stoly ¢lenény na dvé lavky, byla by koneéna deformace 134 mm (o 81 mm, tj.
38 %, nizsi vzhledem k horizontalnimu ¢lenéni a vy8&i o 20 mm, tj. 18 %,
proti pobirani toly pinym z&bé&rem). Spole¢né s vyuzitim pfiméfené vias
provedené svornikové vystroje Ize ocekavat sniZeni deformaci v rozsahu 50
az 70 %.

5.6 MODELOVANI VLIVU PRUZKUMNE STOLY

Pred razbou zapadni tuneiové trouby byla v jejl ose razena priizkumna $tola.
Pomoci numerické analyzy byl posouzen dopad realizace prizkumné $toly
na kone&né deformace tunelové roury.

Pokud by nebyla provadéna prizkumna $tola, byly by vysledné posuny nizsi
0 20 mm (9 %). Hodnota je prakticky ekvivalentni vlivu zpeviiujici injekiaze
(22 mm), jejiz realizace byla razbou $toly podminéna. Z toho vyplyva, Ze
z hlediska deformacf je komplexnéji pojaty vliv prizkumné 3toly teoreticky
nepodstatny. Otazkou tedy z(stavé spiSe Gasové a ekonomické hledisko
a skute¢na kvalita provedeni razby. Na jedné strané stoji technicka i eko-
nomickd narognost provadén( stoly, ovlivnéni a piipadné porugeni masivu
pfed vlastni razbou a z toho plynouci nepfiznivy vliv na statické chovani
masivu, v neposledni fadé i obtfZze spojené s pobiranim osténf Stoly pfi razbé
kaloty; na strané druhé stojl moznost provedeni detailniho prizkumu
a testovani horninového masivu, z nichZ vyplynou kvalitnéj$i podklady pro
navrh, navic je razbou $toly podminéna moZnost pfipadného zlepseni ¢éasti
nadlozf tunelu (injektdZ, klakaz, zmrazovani) bez negativniho vlivu na povrch
Uzemi. Razba $toly vypovida do jisté miry i o podminkach budouci razby
velkého profilu, nutno v8ak mit na paméti, Ze stabilitni a deformag&nf projevy
v horninovém masivu pfi razbé velkého profilu jsou podstatné odlisné
a nelze je z razby prdzkumné $toly jednodusde extrapolovat.

emergency conditions, at a considerable distance from the face, if deforma-
tions of primary lining do not stabilise.

The computed values of internal stresses show that their magnitude
decreases significantly (by about 2/3 or so) with the growing time lag in real-
isation of the temporary invert of the top heading. Despite that fact, the sub-
sequently performed joint at the foot of the top heading lining should be able
to transmit all three types of the internal forces.

5.5 MODELLING OF THE VERTICAL SEQUENCING
OF THE FACE

Transition from the horizontal to the vertical sequencing of the face makes a
notable reduction of the deformations magnitude possible (see Fig. 8). The
vertical pattern of the sequencing used in the further course of the Mrazovka
tunnel excavation was used for this modelling. The reinforcement of the lin-
ing of sidewall drifts was taken over from the performance documentation
(sprayed concrete B25 250mm thick, BRETEX 1°25 and 2*16 ribs).

Two models were developed for the vertical sequencing of the face. The rea-
son was the intention to describe the influence of the method of the sidewall
drifts excavation on resulting deformations. First model describes excava-
tion of sidewall drifts in two benches (see Fig.9), when the bottom part of the
drifts is only excavated after installation of the upper part of the lining, while
the other model considers the excavation of the whole sidewall drift in one
stroke.

It follows from the model results that the final deformation will amount to
114mm (lower by 101mm, i.e. 47%, than the final deformation at the horizon-
tal sequencing) if the full-profile excavation of the sidewall drifts is applied.
If the drifts are divided into two benches, the final deformation will amount to
134mm (lower by 81mm, i.e. 38%, than the deformation at the horizontal
sequencing, and higher by 20mm, i.e. 18%, compared to the full-face exca-
vation of the drift). In combination with the utilisation of reasonably timely
installed rockbolt support, it is possible to expect reduction of the deforma-
tions within the range between 50 and 70%.

5.6 MODELLING OF THE INFLUENCE OF THE
EXPLORATORY GALLERY

The exploratory gallery was driven on the centre line of the western tunnel
tube before its excavation. The impact of the exploratory gallery realisation
on the final deformations of the tunnel tube was assessed by means of a
numerical analysis.

If the exploratory gallery had not been driven, the resulting deformations
would have been lower by 20mm (9%). This value is practically equivalent to
the influence of the reinforcing grouting (22mm), whose application was con-
ditioned by excavation of the gallery. This means that, in terms of deforma-
tions, the influence of the exploratory gallery, considered in a more complex
manner, is theoretically irrelevant. The time-related and economic points of
view and the actual quality of execution of the excavation remain as more
important issues. On the one hand, there are technical and economic
demands connected with the gallery driving, the impact and possibly distur-
bance to the rock massif before the driving proper and from that disturbance
following adverse influence on the static behaviour of the massif, and, last
but not least, the difficulties connected with the excavation/demolition of the
gallery lining in the course of the top heading excavation; on the other, there
is the possibility to carry out a detailed investigation and testing of the rock
massif, which will provide better quality source data for the design. In addi-
tion, the possibility of a future improvement of a part of the tunnel overbur-
den (grouting, claquage grouting, freezing) without any negative impact on
the territory surface is conditioned by the adit excavation.

To a certain extent, the gallery driving predicates on the conditions of the
future large profile excavation. Although, it must be kept in mind that the
instability and deformational manifestations in a rock mass at a large profile
excavation are substantially different and can not be simply extrapolated
from the excavation of an exploratory gallery.

6. CONCLUSION

The objective of this article was to determine the influence of various tech-
nological supporting measures on final vertical deformations of a tunnel
overburden. The analysis was carried out by means of modelling using the
Finite Element Method. The design and monitored parameters of the
Mrazovka tunnel at the profile at km 5.160, which is found quite close to the
north portal of the works, were used as source data for the analysis. The
basic model was developed on the basis of convergence calculations gath-
ering a mathematical model and results of the monitoring (extensometric
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6. ZAVER

Cilem prace bylo zjistit vliv rdznych technologickych podplrnych opatfenf
na konetné svislé deformace tunelového nadlozi. Rozbor byl proveden
pomoci modelovani metodou kone&nych prvki, jako podkiad pro analyzu
byly pouZity ndvrhové a monitorované parametry tunelu Mrazovka v profilu
km 5,160, ktery se nachdzi pomérné blizko severniho portalu dila. Na za-
kladé sblizovacich vypoétl mezi matematickym modelem a vysledky moni-
toringu (extenzometrickd méfeni v daném profilu) byl vytvoten zakladni
model. Ostatni modely byly vytvofeny nasledné zahrnutim podpirnych
opatfeni do zakladniho modelu pfi zachovani plvodni geometrie a mater-
ialovych charakteristik; porovnavaci hodnoty absolutni i relativni jsou vztaZe-
ny k upravenému modelu, v némz je k hodnotam extenzometrickych métent
pfipo€ten vliv razby prizkumné $toly (tab. 2).

Tab. 2 Viiv podplrnych opatfeni na vysledné deformace
Table 2 Influence of supporting measures on resulting deformations

measurements at the given profile). The other models were developed sub-
sequently by means of integration of supporting measures into the basic
model, with the original geometry and material characteristics maintained
Comparative values, both absolute and relative, are related to the modified
model, where the influence of the exploratory gallery is added to the values
of extensometric measurements (see Tab. 2).

It is obvious from the survey shown in the table that the relative effects of
individual measures to prevent subsidence of the tunnel roof and the surface
above the tunnel do not differ too much (maximum difference of 6%). The
model results can be related even to the values of deformations of the tunnel
without the impact of the exploratory gallery, which may be, in other cases,
more realistic. Then, the absolute and relative values of the deformations
being compared slightly change. Although, the basic relations remain
(Bartak, Chmelaf, Hilar, 2001).

Povrch Strop Redukce na | Redukce na | Redukce na| Redukce na
Surface | tunelu povrchu stropu tunelu povrchu stropu tunelu
Nazev modelu mm Tunnel | Reduction at | Reduction at |Reduction at| Reduction at .
Model title roof | the surface |the tunnel roof| the surface |the tunnel roof|PoZn@mky Notes
mm mm mm % %
Upraveny model Horizontalni élenéni se Stolou
Modified model Horizontal sequencing with the gallery
171 215 0 0 0,0 0,0
Zpeviiujici injektaz Oblast 4m od tunelu, E +64%, ¢ +49%
Reinf. grouting Area 4m from tunnel, E +64%, ¢ +49%
159 193 -12 -22 -7,0 -10,2
Kotveni 1 Uginek nadhodnocen
Anchoring 1 97 125 -74 -90 -43,3 41,9 Effect overestimated
Kotveni 2 Casovy odstup
Anchoring 2 154 197 -17 -18 9,9 -8.4 Time lag
Mikropiloty 1 Mikropilotové podepfeni pat kaloty
Micropiles 1 Micropiling support of the top heading
123 150 -48 -65 -28,1 -30,2 footing
Mikropiloty 1 Casovy odstup
Micropiles 2 152 190 -19 -25 -11,1 -11,6 Time lag
Spodni klenba 1 Docasna spodni klenba kaloty
Invert 1 133 170 -38 -45 -22,2 -20,9 Temporary invert of the top heading
Spodni klenba 2 Casovy odstup
Invert 2 171 215 0 0 0,0 0,0 Time lag
Vertikalni ¢lenéni 1 Bocni Stola pobirana najednou
Vertical sectioning 1 79 114 -92 -101 -53,8 -47,0 Sidewall drift excavated in full face
Vertikalni lenéni 2 Bocni Stola ¢lenéna na dvé lavky
Vertical sectioning 2 Sidewall drift divided into two benches
104 134 -67 -81 -39,2 -37,7
Bez priz. stoly Razba tunelu bez priizkumné Stoly
Without explor. gall. 149 195 -22 -20 -12,9 93 Tunnel driven without explor. gallery

Z tabelarniho pfehledu je patrné, Ze relativni vliv jednotlivych opatteni proti
sedanf stropu nad tunelu a povrchu terénu nad tunelem se piili§ nelisi (ma-
ximalni rozdil 6 %). Modelové vysledky je mozné vztahnout i k hodnotam
deformacl tunelu bez vlivu priizkumné Stoly, coz midze byt v jinych pfi-
padech vystizngj8i. Absolutni i relativni hodnoty srovnavanych deformaci se
pak ponékud zméni, zdsadni relace v8ak z(stavajl zachovany (Bartak,
Chmelaf, Hilar, 2001).

Jednoznagné nejacinngj§im opatfenim se jak teoreticky, tak v jinych pro-
filech pfedevsim prakticky, ukazal pfechod z horizontalniho na vertikalni
¢lenéni elby tunelu (Salag, 1999). Modelové deformace se timto opatfenim
snizily téméf o polovinu, a to bez vlivu dalsich podplrnych opattent. V jinych
Castech razby, kde bylo ve srovnatelnych horninovych podminkach vertikal-
ni ¢lenéni Celby realizovano spole&né s kotvenim, klesly skutedné deforma-
ce na povichu uzemi ve véech pfipadech pod limitni hodnotu 60 mm.
Nezanedbatelné jsou i podstatné lepsf stabilitni podminky v dil&ich vyrubech
mensich pfi¢nych profild.

Nutno konstatovat, Ze pouzity typ a umist&ni prizkumné &toly pro kombinaci
s vertikalnim ¢len&nim &elby neni obecné pfilis vhodny.

Pozn.: Numerickd analyza podzemnich konstrukei probiha v ramci vyzkum-.
ného zaméru Stavebni fakulty CVUT CEZ: J04/98:210000003 — Rozvoj algo-
ritmd po¢itadové mechaniky a jejich aplikace v inZenyrstvi.

Definitely most effective measure, both theoretically and, at other profiles,
also practically, proved to be the transition from the horizontal to the vertical
sectioning of the tunnel face (Salaé, 1999). The model deformations were
reduced thanks to this measure nearly by one half, even without the influ-
ence of other supporting measures. In other parts of the drive, where the
vertical sequencing of the tunnel face was applied together with anchoring,
the real deformations at the surface of the area dropped under the limiting
value of 60mm in all cases. The substantially better stability conditions in
smaller cross-section partial drives also must not be disregarded.

It must be stated that the type used and the position of the exploratory
gallery are not so suitable for a combination with a vertical sequencing of
the tunnel face.
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TRADICE A SOUCASNOST V BUDOVANI
VELKOPROSTOROVYCH PODZEMNICH OBJEKTU
FIRMOU SUBTERRA, a. s.

TRADITION AND THE PRESENT IN BUILDING
UP LARGE SPACE UNDERGROUND
STRUCTURES BY SUBTERRA, a. s.

MICHAL GRAMBLICKA, JIRI KRAJICEK, SUBTERRA, a. s.

TRADICE

Provadéni podzemnich prostor velkych pficnych profild, af uz liniového,
nebo prostorového charakteru (kaverny), patfi k nejobtizn&j$im konstrukcim
v této sféfe geotechnickych staveb. V druhé poloving 80. let dnes jiZz min-
ulého stoleti byla u Subterry zaloZena tradice ve schopnosti realizovat
podzemni razené objekty zminéného typu.

P¥i vystavbé technicky i ekologicky velmi progresivné koncipovane pfecer-
pavaci vodnf elektrarny Dlouhé Strané byly vyraZeny v masivu Hrubého
Jeseniku (vedle celé fady dalsich podzemnich dél) dvé podzemni kaverny
mimoradnych parametr(: kaverna hydrocentraly (obr.1) - 8itka 25,5 m, délka
87,1 m a vy3ka rovnych 50 m, s objemem vytéZené rubaniny asi 93 tisic m®
a kaverna transformatord - &itka v Urovni klenby 17,4 m, délka
117 m, a vy$ka v ose 16,5 a7 21,7 m, s objemem rubaniny 32 000 m®.
Tunelovaci prace byly provadény s vyuzitim fady modernich technologic-
kych postupll, k nimz patfilo napf. pouZiti fizeného vylomu pfi trhacich
pracich, §iroké vyuZiti vyztuZzeného stfikaného betonu pfi provizornim vystro-
jovani vyrubtl, zajistovani stropu tydovymi kotvami délky 6 m o nosnosti
170 kN, zajistovani stén tySovymi a lanovymi kotvami délky od 10 do 25 m
o nosnosti az 840 kN. Tyto progresivni technologie spolecné s cilenym
vyuZitim provadénych méfeni - konvergenci, seismického zatizenf horni-
nového prostiedi vyvolaného trhacimi pracemi a zatiZeni kotev - poloZily
zakladni kameny k zvladnuti technologie vystavby podzemnich dél Novou
rakouskou tunelovaci metodou u akciové spole¢nosti Subterra.

Tyto zkuSenosti pak byly Uspé$né vyuzity na fadé daldich zakazek
spole€nosti Subterra. K nejvyznamnéj8im patfily:

- raZené komory kfizeni kolektorli v centru Prahy a Brna s velikosti pfi¢ného
profilu “jen” do 75 m?, v nékterych pfipadech v3ak t&sné pod povrchem nebo
dva metry nad tunelem metra,

- realizace podzemnich objektd na stavbach Zelezni¢nich tuneld vysoko-
rychlostnich trati v SRN s plochou vyrubl 155 m?,

— vystavba prvniho dalni¢niho tunelu v CR na tzv. praZské radidly v Brné
(Pisarecky tunel).

SOUCASNOST

Nejnaro&néjsi stavbou soutasnosti v podzemnim programu spole¢nosti je
beze sporu vystavba objektl dopravnich a technologickych tuneld jizni ¢asti
tunelu Mrazovka, dlleZité soucasti zapadniho sektoru méstského automo-
bilového okruhu v Praze. Rozméry nejvétsich objektd, které Subterra realizu-
je na svém dseku, jsou uvedeny v nasledujicim pfehledu:
— Kfizen( tuneld v tzv. zalivu:

itka 18,36 m, vy¥ka 14,25 m, délka 50 m, plocha vyrubu 220 m?,
- Strojovna vzduchotechniky:

&itka 17,60 m, vyska 14,53 m, délka 51,0 m, plocha vyrubu 217 m?.
- Rozplet tfipruhového tunelu na dvou- a jednopruhovy tunel:

§itka a7 23,8 m, vydka az 15,95 m, délka 54,0 m, max. plocha vyrubu

324 m?,
Realizace tunelu Mrazovka byla slavnostné zahajena polozenim zkladniho
kamene na severnim portdlu, ktery patfi do Useku vystavby partnera ve
sdruzeni — Metrostavu, a. s., tésné pfed vano¢nimi svatky roku 1998 za
G¢asti ministra dopravy vlady CR a primatora hl. mésta Prahy. Tato Gast
potvrdila prioritu a vyznam stavby pfi fedeni kritické dopravni situace
v oblasti &irsiho centra mésta, zde pfedevsim na levém bfehu feky Vitavy
v oblasti provadéné revitalizace Smichova.
Na Gseku Subterry, tj. jizni strané tunelu, byla, po neschvéleni koncepce
pfistupu do masivu Paviho vrchu tunelem vétve A, urychlena vystavba pod-

TRADITION

To construct underground structures of large cross profiles, let it be of a line
character or spatial one (caverns), it is one of the most difficull construction
works in this sphere of geotechnical construction. In the second hall of the
eighties, now in the past cenlury, Subterra a.s. established a lradition of the
ability to realize mined underground structures of the above mentioned type.
When constructing the technically and economically very progressively
designed pumped storage plant Dlouhé Stréné, there were mined in the
massil of Hruby Jesenik (besides many other underground structures)} two
underground caverns of extraordinary parameters: the hydro-electric power
slation cavern (Fig.l) - the width of 25.5 m, length of 87.1 m and height of
50.00 m, the excavated volume was about 93 000 cub.m., and the lrans-
former station cavern - the width at the level of the vault of 17.4 m, length of
117 m, and the height in the axis of 16.5 m to 21.7 m, with the excavated vol-
ume of 32 000 cub.m. Tunneling works were carried out by many up-to-date
technological methods, such as a controlled breaking al blasting operations,
a large ulilization of shotcrete for temporary suppor! of the excavation, sup-
port of the roof by means of rod anchors being 6 m long and of 170 kN load-
ing capacily, support of walls by means rod anchors and cable ones being
10 to 25 m long and of loading capacily up to 840 kN. The said progressive
technologies, together with a purposeful utilization of results of measure-
ments of convergence, seismic loading of the rock mass caused by biasling
operations, and of anchors loading, formed a corner stone for Sublerra joint
stock company to master the New Austrian Tunneling Methoed.

The said experiences were then successfully utilized for many further con-
tracts realized by Subterra a.s. The most important of them were the follaw-
ing ones:

- mined chambers at main services ducts intersections in the Prague and
Brno downtown, the cross section area of which reaches "only" up to 75 n?’,
but in some cases also 1 m under the ground surface or two meters over
the subway,

- realization of underground structures when consiructing railroad tunnels
for high-speed lines in the Federal Republic of Germany with the excavated
cross section area of 155 n7’,

- construction of the first motorway tunnel in the Czech Republic on the so
called Prague radial road in Brno (the Pisdrky tunnel).

PRESENT-DAY SITUATION

The mosl exacting present-day construction within the company's under-
ground program is the construetion of transport tunnels and technological
ones for the southern parl of the tunnel Mrdzovka, which forms an important
part of the weslern section of the city ring road in Prague. Dimensions of the
largest structures realized by Sublerra a.s. on its section of the contract are
mentioned in the following survey:

- intersection of tunnel tubes in the so called "bay",

width 18.36 m, height 14.25 m, length 50 m, excavated area 220 7,

- ventilation plant room

width 17.60 m, height 14.53 m, length 51 m, excavated area 217 n?,

- bifurcation chamber of the three-lane tunnel to the double-lane tunnel and
single-lane tunnel

width 23.80 m, height 15.95 m, length 54 m, excavated area 217 n¥, max.
excavated area 324 m*

The realization of the tunnel Mrazovka was started in a solemn way by laying
the cornerstone for the northern portal, located in the construction section
built by our joint venture partner, Metrostav a.s., just before Christmas 1998,
al the presence of Minister of Transport of the Czech government and of the
Lord Mayor of the Capital Prague. The said participation in the ceremony cer-
tified the importance of this construction for solving the critical traffic situation
in the sphere of a larger City center, especially on the left bank of the River
Vitava in the area where revitalization of the Smichov district is in progress.

In the Subterra's section, i.e. on the southern part of the tunnel, after the
design of access into the massif of Pavi Vrch through the tunnel of the
branch A had not been approved, there was accelerated the construction of
an underpass in the street Radlicka and of the southwestern portal, which
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Obr. 1 Kaverna podzemni hydrocentraly PVE Dlouhé Strang
Fig. 1 The cavern of the underground hydro-electric power station
PVE Dlouhé Strane

chodu Radlické ul. a jihozapadniho portélu, zajistujicino sténu vyky az 27 m
(obr. 2), ze kterého sméfovala ra’ba dvoupruhového tunelu ve sméru
staniCenf ke kiiZeni s kavernou trafostanice a tunelovou propojkou TP2.

U objektu tohoto kiiZeni si dovolime prvni zastavenf, protoZe prinik kleneb
pfi Sifce vyrubu mista odbogeni v dvoupruhovém tunelu 18 m, u trafostanice
15 mau propojky 9 m byl mimofadné naroény. Projekt |G priizkumu plano-
val realizaci geologické $toly az do mista tohoto kifZenf. Vzhledem k pevnos-
ti hornin, silné prokfemenélych bfidlic letenskych vrstev flySového vyvoje,
v8ak prizkumné prace nebyly kompletné provedeny, takZe o geotechnic-
kych vlastnostech horninovém prostfedi v kfiZzeni existovaly pouze omezené
informace.

Na zékladé zkuSenosti ziskanych z predchdzejici razby dvoupruhového
tunelu se pfipravila realiza¢ni dokumentace na kfiZzeni v zalivu s ohledem na
pfedpokladané dobré stabilitni podminky pro tunelovani a zamyslené ver-
tikalni ¢lenéni bylo zménéno na variantu “Caste¢né” horizontalni. Kalota
vyrubu byla rozdélena na dvé sekce a v kazdé se realizoval prlinik s bo&nim
objektem. Roli stabilizaéniho prvku nadlozi vyrubl plnily op&rné horninové
kliny (obr. 3), které byly ponechany ve spolesném prostoru priiniku vdech
uvddénych tunell. Pod ochranou téchto podpor byly realizovany oba
priviaky na styku konstrukci kleneb, tvofenych vyztuzenym stifkanym
betonem. Hornina v bezprostfednim okoli prinik( byla husté prokotvena
hydraulicky upinanymi svorniky Boltex, které byly zasadné osazovany
okamzité po provedeni vylomu a zakladniho bezpe¢nostniho nastfiku betonu.
Me¥enim konvergenéniho bodu, osazeného v nejvy8sim misté zélivu, byly
dokumentovany maximalni vertikaini deformace klenby v hodnoté 35 mm,
i kdyZ napfi¢ kfizenim prochéazela porucha 8itky asi 1 m.

Zku$enosti s chovanim a vlastnostmi horniny, ziskané vystavbou uvedeného
objektu, byly vyuZity pfi nasledujici realizaci objektu podzemni strojovny
vzduchotechniky. Objekt vy§ky 14,53 m byl rozdélen na 3 lavky, pfi cemz
sténa jadra dosahovala max. vysky az 8 m. Zkracenim délky zabéruna 1,5 m
v mistech, které ovliviiovala vy$e uvadéna geologicka porucha, bylo dosa-
zeno max. horizontalnich posund konvergenénich bodl do 40 mm,

Tésné za kfizenim ve sméru k severu v8ak tvrda hornina fly§ového vyvoje
letenskych vrstev skondila. Nejvétsi a nejsloZitéjsi podzemni objekt tunelu
Mrazovka, rozplet t¥ipruhového tunelu na dvoupruhovy a jednopruhovy, je
razen v bfidlicich libefiskych vrstev, které se zdsadnim zpdsobem, a to
bohuzel v tom hor8im smyslu, odli$uji od bfidlic letenskych. Zatimco leten-
ské bfidlice ve flySovém vyvoji jsou velmi pevné, prokiemenélé, dobte
odolavajici navétrani a jsou jen primérné naruené diskontinuitami, libefiské
bfidlice jsou jilovité, s hlubokym dosahem zvétrani, naru$ené mnozstvim
poruchovych pasem, s hojnym vyskytem tektonickych ohlazd.

Obr. 2 Jihozapadni portal dvoupruhového tunelu
Fig.2 Southwestern portal of the double-lane tunnel

supports a wall being up to 27 m high (Fig. 2), from which the drive of the
double-lane tunnel was heading in the chainage direction towards the cross-
ing with the cavern of the transformer station and tunnel cross passage TP2.
At the construction of the said crossing, we will make the first break,
because the penetration of vaults at the excavation width existing in the
focation of bifurcation in the double-lane tunnel being 18 m, at the trans-
former station 15 m and at the cross passage 9 m, was extraordinarily exact-
ing. The design of the EG investigation planned a drive of a geological
gallery leading up to the said crossing. With respect to the strength of rocks,
heavily quartziferous shales of the Letna strata (the flysch evolution), the
investigation was not performed completely, so an only limited information
concerning geotechnical properties of rock conditions in the place of the
crossing existed.

On the basis of experiences gained during the preceding driving of the dou-
ble-lane tunnel, working drawings of the crossing at the bay were developed
with respect to anlicipated good, stable conditions for tunneling works, and
the intended vertical sequencing was changed to a 'partially” horizental varf-
ant. The top heading was divided into two sections and from each of them a
penetration to the side structure was realized. The function of a stability ele-
ment of the overburden was fulfilled by supporting rock wedges (Fig. 3),
which were left in the common space of the intersection of all mentioned tun-
nels. Under protection of the said supports there were realized both main
beams at the contact of reinforced shotcrete vault structures (Fig. 4). The
rock in the nearest vicinity of the intersections was densely anchored by
means of hydraulically activated rock bolts Boltex, which were always
installed immediately after the excavation and the basic safety shotcrete
layer had been completed.

By measurements of the convergence bolt situated at the highest point of
the bay, there were found out maximum vertical deformations of the arch in
the value of 35 mm, in spite of the fact that a weakness zone being about
1 m wide led across the intersection.

Experiences with the rock character and the rock properties gained when
constructing the said structure were utilized during the subsequent realiza-
tion of the underground ventilation room. The excavation being 14.53 m
high was divided into 3 levels, the height of the core was max. 8 m. By short-
ening the attack length to 1.5 m in spots influenced by the above mentioned
geological defect, there were achieved maximum displacements of conver-
gence points up to 40 mm.

Just behind the intersection, in the northern direction, the hard rock of the fly-
sch evolution of the Letna sitrala ended. The largest and most complicated
underground structure of the tunnel Mrdzovka was represented by the bifur-
cation of the three-lane tunnel to a double-lane tunne! and single-lane tunnel.
The bifurcation chamber is driven in the shales of the Liben strata, which in a
fundamental way, but sorry to state - in the worse sense, differ from the Letna
shales. While the Letna shales, in their flysch evolution, are very hard, full of
flint, well resisting to weathering, and exhibit an average fracturing caused
by discontinuities, the Liben shales contain much clay, the weathering is
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lunel

Principielné spociva vystavba rozpletu v postupném zvétSovani vyrubu
z ttipruhového tunelového profilu velikosti asi 160 m? az na max. profil
324 m?, a to na délce 50,2 m. Maximalni &itka vyrubu je 23,8 m a vy$ka
16,5 m. Razba probihd v souladu se zasadami NRTM, osténi je tvofeno
stitkanym betonem, vyztuzenym sitémi, ocelovymi pfihradovymi ramy
a husté systematicky kotvené

Dodavatel spojil vystavbu rozpletu s pilifem mezi oddélujicimi se dvou-
pruhovym tunelem a jednopruhovou vétvi piistupového tunelu "A” v dI
20,0 m do jednoho celku, chapaje pilif jako konstrukci zasadnim zptsobem
ovliviiujici stabilitu vrstev nadloZi, minimalnim, nebo lépe fe¢eno kontrolo-
vanym rozvojem deformaénich procesu.

Zelezobetonovy a horninovy pilit byl spinan nejdfive laminatovymi a nasled-
né ocelovymi svorniky, v nejuz8im misté vyztuZen ocelovym U profilem
Rozplet byl razen vertikalnim ¢lenénim se Sifkou pilife od 2,4 do 4,5 m. Levy
(obr. 4, 5) i pravy opérovy tunel byl vyrazen ve sméru stani¢eni, kalota (obr.
6 a 7), jadro a spodni klenba proti sméru stanieni. V mistech tektonickych
poruch, asi uprostfed délky rozpletu, byly provedeny ochranné destniky ze
svornikd IBO dl. 6,0 m, které byly vrtany ve vzdalenostech 0,25 m v poctu
43 ks na jeden krok; celkové byly ochranné deStniky pouzity ve tfech
krocich, Tloustka stiikaného betonu primarniho osténi se zvétSovala od 40
do 70 cm. Tlou$tka stén na strané provizorniho horninového pilife byla
30 cm.

Pomérné nepfiznivé byla v rozplelu umisténa geologickd $tola, i kdyZ je
ziejmé, Ze jakékoliv umisténi §toly, nesouvisejici pfimo s konstrukci pri-
marniho osténi, naruSuje koncepci vertikalniho ¢lenéni. Sikmy prechod &toly
pfes horninovy pilif a nutnost provedeni provizornich stén vyvolaly potfebu

e . 5o s -~ = T
Obr. 3 Realizace opérného kiinu
Fig. 3 Realization of the supporting wedge

deep, affected by many weakness zones with many tectonic fault striations.
The bifurcation chamber construction resides, in principle, in a gradual
enlarging of the excavation from the three-lane tunnel cross section of about
160 m?, up to the maximum profile of 324 m?, within a length of 50.2 m. The
maximum excavation width is 23.8 m and the height is 16.5 m. The driving is
carried out in compliance with the New Austrian Tunneling Method (NRTM),
the tunnel lining consists of shotcrete reinforced with welded mesh and steel
lattice girders, with a systematic dense anchoring

The coniractor joined the excavation of the bifurcation chamber and con-
struction of the pillar located between the splitting double-lane tunnel and
single-lane branch of the access tunnel "A” (at a length of 20.0 m) into one
complex. Il ook the pillar as a structure affecting fundamentally the stability
of the overburden, allowing a minimal, or better lo say, conlrolled develop-
ment of deformational processes.

The reinforced concrete pifiar was joined to the rock pillar at first by fiber-
glass and then steel bolts, in the thinnest spot it was reinforced by means of
a U-section. The bifurcation chamber was excavated using the vertical
sequencing, with the pillar width ranging from 2.4 up to 4.5 m. The left hand
(Fig. 5) and the right hand side wall drifts were driven in the direclion of the
chainage, the top heading (Fig. 6 and 7), the bench and the invert against
the direction of the chainage. In spots of tectonic failures, approximately in
the middle of the bifurcation chamber length, there were made protective
umbrellas using IBO bolts 6.0 m long. The holes for the bolts were drilled at
0.25 m spacing, i.e. 43 pcs per one step. In total, the protective umbrellas
were installed in three steps. The thickness of the shotcrete primary lining
was increased from 40 cm up to 70 cm. The wall thickness at the side of the
temporary rock pillar was of 30 cm.

A geological gallery was not situated in the bifurcation chamber very favor-
ably, even if it is evident that any location of a gallery being not directly a
part of the structure of the primary lining affects unfavorably the concept of

Obr. 5 Razba pilite
Fig. 5 The driving and concrete casting of the pillar

Obr. 4 Stfikani horninového pilife
Fig. 4 Intersection of the bay structures and the transformer station.

Obr, 6 Razici stroj v kaloté rozpletu
Fig. 6 Driving machine at the bifurcation chamber top heading
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Tunel

zabetonovani asi 10 m délky Stoly. Vzhledem k existujici poloze $toly musel
byt také upraven tvar opérovych tunell, coz znemoZfiovalo ve viech pro-
filech dosdhnout optimalni statické a technologické tloustky horninového
pilite.
Prib&h raZzeb je sledovan komplexem geotechnickych méfeni - konver-
gencnich, inklinometrickych, extenzometrickych a tenzometrickych — prova-
dénych uvniti a v bezprostfednim nadlo?f tunelu (nejbliz&i métené misto
v masivu je vzdéleno od vyrubu asi 1 m)
Extenzometrické a inklinometrické méfeni podalo nejlep$i informace o ver-
tikalnich a horizontalnich deformacich masivu, protoZe nulové odecty téchto
méfeni byly provedeny pfed vystavbou podzemnich objektd. Méfeni napéti
v primarnim osténi a na styku s horninou umoznilo ovéfeni pfedpokladi
a hodnot, které byly vysledkem statického vypoctu provedeného metodou
koneénych prvkd
Mista kfiZeni tunelt a rozplet byly raZeny bez pouZiti trhacich praci tunelo-
vacim strojem ET 380 L (viz obr. 6.), opatfenym podélnou frézovaci hlavou,
ktery umoZiiuje vysoké vykony a velmi kvalitni provedeni lice vyrubu.
Zamétovani dila a vyztuZe bylo realizovano totalni stanici Leica 1105 TCRM
v 3D rezimu, se soucasnym profilovanim pfi¢nych fezl skuteéného vyrubu
a primarniho ostént.

ZAVER
Tunelovy rozplet, jehoZ realizace v primarnim osténi bude v dobé pub-
likovani tohoto ¢lanku jiz ukongena, je nejvét§im podzemnim objekiem na
dopravnich stavbach v Praze. Dosavadni Uspésnost sloZitych tunelovacich
praci je podmingna fadou faktorl, k nimZ patfi zejména kvalitni pfiprava dila,
podrobné geologické sledovani vyrubl ve véech fazich vystavby, pribézné
vyhodnocovani observaénich méfeni a v podstatné mife i ni¢im nenahra-

ditelné zkuSenosti z provadéni velkoprofilovych podzemnich staveb pracov-
niky akciové spole€nosti Subterra.

(Foto: J. Altmann, M. Grambli¢ka)

the vertical sequencing. The gallery passing across the rock pillar at an
angle, and the necessity to build up temporary walls evoked the need to
backfill about 10 m of the gallery length with concrete. With respect to the
existing position of the gallery, there had to be adapted the shape of side
wall drifts too, which made it impossible to get the optimum statically and
technologically reasonable thickness of the rock pillar.

The progress of driving is monitored by means of a complex of geotechnical
measurements, .e. convergence, inclinomelric, extensometric and strain
measurements, carried out in and in a direct proximity of the tunnel overbur-
den (the nearest measured point in the massif is at a distance of about 1 m
from the excavation.

The extensonmelric and inclinometric measurements provided the best
information concerning vertical and horizontal deformations of the massif,
because the zero readings of the said measurements were performed before
the construction of underground structures. Measurements of stress in the
primary lining and at the contact with rock made it possible to verify
assumptions and values which resulted from the static calculation performed
by means of the method of final elements.

Places where tunnels cross, as well as the bifurcation chamber, were exca-
vated without blasting by means of a tunneling machine ET 380 L (see Fig.
6), provided with a longitudinal cutterhead, which enables high output and a
very high quality of the excavation surface. Surveying of the works and the
support was performed by means of a total station Leica 1105 TCAM in the
3D regime, with simultaneous verification of the actually excavated profiles
and of the primary lining.

CONCLUSION

The tunnel bifurcation, whose primary lining will be completed by the time of
publishing of this article, is the largest underground structure in the field of
transport-related construction in Prague. The success of complicated tun-
neling works, which we have experienced, was conditioned by many factors,
namely, above all, a quality design and planning of the works, a detailed
geological monitoring of stopes during all phases of construction, a continu-
ous evaluation of observational measurements and, in a substantial extent,
an irreplaceable experience of realization of large-profile underground
structures by the staff of the joint-stock company Subterra.

(Photo: J. Altmann, M. Gramblicka)

Obr. 7 Kotveni horniny nad kalotou rozpletu
Fig. 7 Rock anchoring over the bifurcation chamber top heading
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~ RESENi TUNELOVYCH USEKU
S NiZKYM NADLOZiM METODOU "ZELVA*

SHALLOW TUNNEL SECTIONS CONSTRUCTED
BY THE "TURTLE" METHOD

ING. PETR SVOBODA, ING. LIBOR MARIK, ILF CONSULTING ENGINEERS, s. r. o.

1. UvoD

Pti navrhu konstruk&nfho fegeni tuneld je mnohdy nutné fesit pripady, kdy
smérové a vySkové pomeéry navrhované trasy komunikace nerespekiujf
poZadavky na idealni umisténi portalovych Useki z hiediska razby. Jedna se
o situace, kdy konfigurace terénu a geologické poméry neumozfiuji volit
polohu razeného portalu tak, aby hloubeny Usek tunelu byl co nejkratsi
a zpUsob zajisténi stability stavebni jamy co nejjednodussi. To vede k tech-
nicky naro¢nym Fesenim, kterd mohou vyrazné ovlivnit celkové naklady na
provedeni dila. Jednou z moznosti feSeni tunelovych usekd s nizkym
nadlozim je metoda "zelva’, kterd je v némecky mluvicich zemich zndma pod
pojmem 'Deckelbauweise".

Mezi nej¢astéji uvadéné pfiklady pouZiti popisované metody patfi:

- ptiportalové useky razenych tuneld,

- obecné tunely s nizkym nadlozim v pfipadé, kdy prostfedky pro zajisténi
stability nadlozi vyrubu jiz nejsou z hlediska vynaloZenych finanénich
prostfedki Gnosné.

Divodem pro pouziti metody "Zelva' je mnohdy i poZadavek na rychlé
obnoveni plvodniho tvaru terénu z hlediska vyuZitf Gzemi nad tunelem, zkra-
ceni doby do¢asnych zabord pozemkl nebo z hlediska obnoveni stability
Ozemi

2. KONSTRUKCNi RESENi

Provadéni tunelu metodou “Zelva" pfedstavuje kombinaci praci provadénych
v oteviené stavebni jamé a praci provadénych hornickym zplsobem
Z&kladnim principem metody je snaha o minimalizovani rozsahu zemnich
praci v poméru k vynaloZzenym investi¢nim nékladim. Pfi provadéni kon-
strukce je horninové podlozi vyuzivano jako "skruz” pro betonéz horni klenby
tunelu (krunyfe Zelvy). Konstrukce je provadéna nej¢astéji v oteviené svaho-
vané stavebni jamé, zajisténé stiikanym betonem se siti a h¥ebovanim
Pokud jsou geologické poméry natolik nepfiznivé, Ze stabilitni problémy
neumoZziuji navrh svahované stavebni jamy, je pouZito napf. pilotovych
podzemnich stén, tryskové injektaZe a pod. Toto FeSeni je nutné i v pfipadsé,
kdy prostorové situace na povrchu (napf. sou¢asna zastavba) neumoziuje
provedeni svahované stavebni jamy. V tomto pfipadé ma pouZiti "Zelvy"
ptiznivy vliv na dimenze a hloubku podzemnich stén i nutny rozsah kotveni.
Jednotlivé faze vystavby jsou patrné z obrazkd v textu.

Nejjednodussim zplsobem budovani Zelvy je vybetonovani konstrukce
krunyfe pfimo na rostly terén. Pfed betonaZzi klenby je terén upraven do tvaru
vnitiniho lice klenby "Zelvy", resp. pozdéj$iho vnéjsiho lice definitivniho
osténi. Pro koneCnou Upravu tvaru terénu se pouzivaji napi. dfevéné
Sablony, které jsou osazeny na terén v rastru asi 5 m a jejichz poloha je geo-
deticky kontrolovana. Vyrovnani nerovnosti je provedeno hubenym betonem,
pfipadné vhodné upravenym vytéZenym materialem. Zemni téleso pak siouzi
jako bednéni pro vybetonovani konstrukce Zelvy. Na terén je poloZena sepa-
raéni PE (pfip. PVC) folie a ochranna geotextilie. Tim je po vyrazeni kaloty
tunelu pod ochranou klenby zajistén hladky lic konstrukce, ktery je mozno
bez dalSich Uprav pouZit pro osazeni mezilehlé izolace.

Alternativné je mozno konstrukci zelvy betonovat na specialné vyrobené
skruzi. Jama je vytéZena az do Urovné patek Zelvy a dno jamy je zpevnéno
tak, aby splfiovalo poZzadavky na osazeni skruZze. Tim sice odpadaji pro-
blémy s dodrzenim pfesného tvaru lice konstrukce, zvySuji se vSak naklady
na vyrobu skruze, Upravu dna, jdma je oteviena delSi dobu a obvykle na
celou délku useku. To ma vliv na zpUsob zajisténi stavebni jamy i dalsf &in-
nosti s tim spojené (drédha pro posun skruze, ndklady na ¢erpani vody po
dobu vystavby apod.)

Ojedinélou variantou bylo pouziti prefabrikované konstrukce na tunelu
Branisko (viz obr. 4).

1. INTRODUCTION

When a structural design of tunnels is being developed, it is often necessary
to solve cases when horizontal and vertical conditions of the designed align-
ment do not meet the requirements of an ideal location of portal sections
suitable for the tunnelling operations. This happens when the terrain mor-
phology and geological conditions do not allow to chose such a position of a
mined portal, which makes a cut-and-cover section as short as possible and
at the same time the open cut construction as simple as possible. This situa-
tion results in technically demanding solutions, which can affect overall cost
of the works significantly. One of options suitable for tunnels mined under a
shallow cover is the so called "Turtle" method. This method is known as
"Deckelbauweise” in German speaking counlries.

The above mentioned method is most frequently used:

- In areas close to portals of mined tunnels

- In tunnels with shallow cover, where the costs of maintaining the tunnel
overburden stability are excessive.

Often, the reason of application of the "Turtle" method is also a requirement
for expeditious restoration of the original shape of terrain so that the area
above the tunnel can be utilized, the period of temporary land occupation is
shortened, or the area stability is reinstated.

2. “TURTLE” METHOD PRINCIPLES

The "Turtle" tunneling method is a combination of cut-and-cover work and
work performed by a mining way. The basic principle of this method is to
minimize the scope of earthwork with respect to investment costs incurred,
When the structure is being built, the rock cover is utilized as a mould/form-
work for casting of a concrete "turtle mail" forming tunnel arch, (further in the
text referred as arch only). Most often, the structure is built in an open
sloped cut, which is stabilized by shotcrete with wire mesh and nailing. If
geological conditions are so unfavorable that stability problems do nof allow
the sloped cut to be designed, pile diaphragm walls, jet grouting or another
way of support is used. This solution is necessary even in a case when the
spatial situation at the surface (e.g. existing buildings) makes excavation of
the sloped construction pit impossible. In such a case, the use of the "Turtle"
method affects favorably dimensions and depth of the diaphragm walls, as
well as the necessary extent of anchoring. Individual phases of the con-
struction process are obvious from pictures shown below.

The simplest way of the "Turtle” method implementation is to cast the con-
crete structure of the arch directly on natural ground surface. Before the
concrete arch is cast, the ground surface is shaped to correspond with the
shape of the arch intrados, i.e. of the extrados of the future final lining. The
ground body serves as a mould for casting the concrete structure of the
arch. Timber templates or similar tools are used for final shaping of the
ground surface. They are set on the ground body surface at about 5 m spac-
ing, and their position is checked by surveying. Hollows are filled with blind
concrete or with properly treated excavated ground. Separation PE (or PVC)
membrane and protective geotextile are laid on the ground body surface
This ensures a smooth face of the siructure, which is exposed after excava-
tion of the tunnel top heading under protection of the arch. Intermediate
waterproofing layer can be applied on this surface without any additional
treatment.

As an option, the arch structure can be cast on a purpose-made formwork.
The pit is excavated down to the level of the vault footings, and the pit bot-
tom is reinforced to meet requirements on the formwork installation. This
option removes the problems associated with maintenance of an accurate
shape of the ground body, but at the same time the costs are increased due
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Po betondzi klenby je s odstupem nutnym pro nardst pevnosti betonu zahé-
jeno zpétné zasypavani konstrukce. Razba jadra tunelu pod ochranou pfe-
dem vybudované konstrukce Zelvy probiha podle zdsad NRTM. Zplsob
zajisténi vyrubu opéfi odpovida geologickym podminkam, Zpravidla jsou
nasazeny stejné mechanismy a je pouZito obdobného zplsobu zajidténi sta-
bility vyrubu jako pfi dal$i razbé tunelu.

Konslrukce je v podélném sméru budovéna po blocich, které je mozno
v kratké dobé opét zasypat a uvést terén do plvodniho stavu, Spole¢né
s moznosti variabilniho fe8eni stability patek Zelvy a budouciho opéfi tunelu
(primarni osténi ze stfikaného betonu, mikropiloty, sloupy tryskové injektaze
nebo podzemni stény) umoZzriuje metoda optimalizovat néavrh vzhledem
k zastizenym inzenyrsko-geologickym pomérim a pfedstavuje tak ekono-
micky vyhodné feseni. Betonaz definitivniho osténi probiha podle postupi
obvyklych v razeném tunelu.

3. PRIKLADY KONSTRUKCNICH RESENI

Na ptikladech z projekénf praxe firmy ILF Consulting Engineers jsou uvede-
ny pfiklady pouziti konstrukce na tunelech v zahranici.

3.1 VYCHODNI PORTAL TUNELU BRANISKO
(SLOVENSKO)

Prvnim piikladem aplikace metody Zelvy na Slovensku je vychodni portal
dalni¢éntho tunelu Branisko. Navrzené fedeni je typickym pfikladem kon-
strukce vybetonované pfimo na rostly terén. V rdmci inZenyrsko-geologic-
kého prizkumu a pfipravy razby prizkumné stoly v ose severni tunelové
roury doslo na vychodnim portale tunelu k odtéZeni asi 180 tis, m® materialu.
Byla vyhloubena jama o délce 250 m a $ifce 150 m. Hloubka jamy dosaho-
vala az 25 m. Pata zafezu byla zajidténa podzemni sténou. Sklony svahu
dosahavaly 20°. Konstrukce Zelvy byla souddasti projektu zvladtnich opatfeni
pro zvy8eni stability svahu stavebni jamy. Pdvodné navrhované zajidténi
svahu pomoci kotvenych podzemnich stén se v priibéhu vystavby ukazalo
jako neuginné. Po extrémnich destich doslo k nasyceni svahu vodou a ten se
dal do pohybu. Inklinometry osazené za jiZ realizovanymi podzemnimi sténa-
mi vykazovaly zvy$eny narlst deformace a tendenci ke zlomenf stén v misté
smykové plochy. Béhem dokon¢ovéani hloubeni, spojeného soucasné se
zacatkem razicich praci ve $tole, dodlo k posunu téchto bodl fadové v cen-
timetrech. Proto bylo tfeba rychle najit feSeni k obnovenf stability. Stavebni
jama méla byt plivodné dale prohloubena na droved poévy tunelu. To by
vedlo k dal§imu sniZeni stupné stability svahu. Proto byly na portale prove-
deny dvé klenbové konstrukce Zelvy.

U jizni tunelové roury bylo pouZzito klasické Zelezobetonové konstrukce
celkové délky 48 m betonované pfimo na upraveny rostly terén (viz obr. 1).
Betonaz probihala po blocich détky 5 m. Pfed zahajenim razby (viz obr. 3)
byla konstrukce Gaste¢né zasypana materidlem vytéZenym z prizkumné
$toly (viz obr. 2)

V ose severnf tunelové roury nebylo mozno vzhledem k jiz zahajené razbhé
prizkumné $toly v profilu budouciho druhého tunelu pouzit metody
vybetonovani Zelvy pfimo na terén. Jako fedeni byla zvolena varianta monto-
vaného trojkloubového oblouku ze specialné vyrobenych prefabrikatd (viz
obr. 4), Délka konstrukce byla 50 m

Po provedeni obou konstrukci byla stavebni jama zpétné zasypana 12 m nad
vrchol kleneb a tim pfitizena pata nestabilniho svahu. Spolu s odvodnovaci-
mi vrty se navrzend opatieni ukazala jako ucinna a svahové pohyby se
podatilo zastavit.

Konstrukce byla provedena ve sloZitych geologickych podminkach. Jednalo se
o terciérni pelitické sedimenty (jilovce, prachovce), kieré tvofi tzv. "centralni
karpatsky paleogen® na obou stranach pohofi Branisko. Hornina byla velmi
intenzivné tektonicky porudend s velmi jemnou laminaci, vdesmérnymi diskonti-
nuitami a intenzivnim zvrasnénim. Po otevfeni stavebni jAmy obna-Zené svahy
velmi rychle stfipkovité vétraly na zeminu. Prostfedi bylo misty zna¢né zvod-
nélé (2,0 - 5,0 Ifs), coz mélo za nasledek, ze v moecnych poruchovych zénach
méla hornina charakter zeminy s konzistenci za mezi tekutosti.

3.2 TUNEL EUERWANG (NEMECKO, NBS NURNBERG -
INGOLSTADT)

Na severnim portdle dvoukolejného Zelezni¢niho tunelu Euerwang byla
pouzita zelva v délce 48 m. Na zakladé geologickych podminek byla zvolena
varianta vybetonovani zelvy mezi dvé pilotové stény. Konstrukce Zelvy slouzila
jako rozpéra a nahrada jinak staticky nutného kotvent pilotovych stén.

Pfi budovani konstrukce byla zemina odtéZena na udrovef pro vrtani pilot,
V druhém kroku byly vyvrtany a vybetonovany piloty. Piloty mély o 900 mm
pfi osové vzdalenosti 1 000 mm. Celkem bylo vybudovano 96 ks pilot,
Nasledovalo odtéZeni a vytvarovani zemnfho télesa na Urovefi vnéj§iho lice
klenby definitivniho osténi budouciho tunelu (viz obr. 5). Dal&im krokem bylo
vy§ramovanf vrubl do ji7z vybudovanych pilot a poloZeni separaéni félie (viz
obr. 8). Nakonec byla na upraveném terénu vybetonovana po blocich zele-
zobetonova konstrukce zelvy (viz obr, 7). Jednalo se o celkem &tyfi bloky
délky 12 m. Geologické poméry zajmového tzemi byly tvofeny kvartérnimi
pokryvy, zastoupenymi piscitymi hlinami, hlinitou suti s misty vyplnénymi
vapencovou zahlinénou suti. V nizdich polohdch nésledovaly pisky az silné
zvétralé nesoudrzné piskovce. V drovni pogvy tunelu byly za-stoupeny plas-
tické jily a jilovce s obsahem fosilii, tmavé §edé aZ Serné barvy s konzistenci
tuhou az mékkou

to the work on the formwork and the bottom treatment, The pit is also opened
for a longer period and for the overall length of the section. This affects the
method of supporting the construction pit and other associated operations
(the length of the formwork advance, cost of water pumping during con-
struction etc.)

The use of the precast structure shown in Fig. 4 was a unique variant.

After the concrete arch is cast, backfilling of the structure is started, with a
lag needed for development of a concrete strength. Excavation of the
ground core under the arch structure can be carried out. The support of the
side-wall areas depends on geological conditions. Usually the same equip-
ment and similar system of the excavation support is used as at the subse-
quent tunnel excavation

In the longitudinal direction, the structure is built in blocks. The blocks can
be backfilled individually in a short time, thus the ground surface can be
restored to the preexisting confours. In addition lo the possibility to find a
variety of solutions of both the arch footing and of the future tunnel's side
wall areas (shotcrete primary lining, micropiles, jet grouting columns or
diaphragm walls), this method allows a design optimization in respect to the
geological conditions encountered. Therefore, it represents a solution
advantageous in terms of economy. The process of final lining concrete
casting is identical with common process utilized in mined tunnels.

3. EXAMPLES OF APPLICATION

The presented examples of the "Turtle" method application were designed
by ILF Consulting Engineers.

3.1 EASTERN PORTAL OF THE BRANISKO TUNNEL
(SLOVAKIA)

First example of the "Turtle” method application in Slovakia is the east portal
of the Branisko motorway tunnel. The designed solution is a typical example
of the arch concrete structure cast directly on natural ground surface. About
180,000 m3 of material was excavated at the east portal of the tunnel in the
framework of engineering and geological investigation and preparation for
excavation of an exploratory gallery on the centerline of the northern tunnel
tube. Open cut 250 m in length and 150 m in width was excavated. The depth
of the cut reached up to 25 m. A diaphragm wall supported the base of the
cut slope. The gradient of the cut sides reached 20°. The arch structure was
a part of special measures designed for enhancement of stabilization of the
construction pit slopes. The originally designed slope support by means of
anchored diaphragm walls showed ineffective in the course of construction.
The slope became saturated with water after extreme rains, and it started to
slide. Inclinometers installed behind the already built diaphragm walls indi-
cated an increased growth of deformations and a tendency to the walls
breaking at the location of the slip plane. Displacement of those points in the
order of centimeters occurred when the excavation was being completed
and, concurrently, excavation of the exploratory gallery started, For that rea-
son, it was necessary to find a solution how to reinstate the slope stability.
Originally, the construction pit was to be further deepened down to the tunnel
invert level. This would have caused another decrease in the slope stability.
Therefore, two vaulted arch structures were installed at the portal.
Conventional reinforced concrete structures 48 m in length, cast directly on
treated ground surface, was used for the southern tunnel tube (see Fig. 1).
Concrete casting was divided into 5m-long blocks. Before beginning of the
main tunnel excavation (see Fig. 3), the structure was partially backfilled
with the material excavated from the exploratory gallery. (see Fig. 2)

It was impossible to utilize the arch casting directly on the ground surface
along the northern tunnel tube axis with respect to the already started exca-
vation of the exploratory gallery within the profile of the other tunnel. To
solve the problem, a variant of a three-hinged arch consisting of purpose-
made precast segments was chosen (see Fig. 4)

After completion of the both structures, the open cut was backfilled up to the
level of 12 m above the vault roofs. Thus, an additional load was applied on
the base of the slope. The designed measures, in combination with drainage
wells, proved efficient, and the slope sliding was intercepted successfully.
The structure was built under very complex geological conditions. They con-
sisted of Tertiary pelitic sediments (claystones, siltstones), which form the
so-called Central Carpathian Palaeogene on both sides of the Branisko
Mountains., The rock was tectonically faulted very intensively, with a very fine
lamination, omnidirectional discontinuities and intense folding. After excava-
tion of the open cut, the process of weathering started very quickly, disinte-
grating the rock to soil. The environment was locally with significant ingress
of ground water (2.0 - 5.0 I/s). As a result, the rock gained a character of soil
with consistency at the liquid limit at the mighty fault zones.

3.2 THE EUERWANG TUNNEL (GERMANY, THE NBS
NUREMBERG - INGOLSTADT

The "Turtle" method was utilized on the north portal of the Euerwang double-
track railroad tunnel within a length of 48 m. Based on geological conditions,
a variant of the concrete arch casting between two pile walls was selected.
The arch structure served as a strutting and a substitution for the pile walls
anchoring, which would have been otherwise necessary for static reasons.

During the structure construction, the ground was excavated down to the
level needed for the pile boring. Second step consisted in casting of the
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Obr. 1 Tunel Branisko - postup vystavby Obr. 2 Tunel Branisko — hutnény zasyp konstrukce
Fig. 1 The Branisko tunnel — process of construction Fig. 2 The Branisko tunnel - compacted backfill of the structure

Obr. 3 Tune!l Branisko - zahajeni razby jadra
Fig. 3 The Branisko tunnel — beginning of the bench excavation

Obr. 4 Tunel Branisko - prefabrikovana konstrukce Zelvy Obr. 5 Tunel Euerwang - profilovaci $ablona
Fig. 4 The Branisko tunnel - prefabricated structure of the "Turtle mail" Fig. 5 The Euerwang tunnel - the profiling template
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Obr. 6 Tunel Euerwang - faze postupu vystavby
Fig. 6 The Euerwang tunnel - the construction progress phases

Obr. 7 Tunel Euerwang - osazovani vyztuze
Fig. 7 The Euerwang tunnel - reinforcement fixing

3.3 TUNEL SCHELLENBERG (NEMECKO, NBS
NURNBERG - INGOLSTADT)

Zelva pouZitd na jiznim portale dvoukolejného Zeleznigntho tunelu méla
délku 40 m. Pro geologickou stavbu Uzemi jsou charakteristické nesoudrzné
materidly. Pod vrstvou hlinité kvartérni suté a hliny se nachazeji pis¢ité
naplavy tvofené rezavymi az Cervenohnédymi pisky s Ulomky a valouny.
Typické je stiidani vrstev piskl, pis¢itych stérkd, misty az Stérkid. Podlozi
tvofi zvétralé vapence charakteru nesoudrzného $térku. Vzhledem k ob-
tiznému zajisténi stability opéfi pfi razbé jadra tunelu i vlastnich patek Zelvy
bylo navrzeno zpevnéni nesoudrZznych materidld pomoci sloup( tryskové
injektaze (viz obr. 8). V prvni fazi byl terén odtézen do Urovné nad budouci
vrchol klenby. Nésledng bylo provedeno vrtani sloupt tryskové injektaze
0 600 mm s osovou vzdalenosti 1 200 mm. Na kazdé strané stavebni jamy
byly vrtany dvé fady sloupd. Prvni Fada sloupd byla svisld a jeji hlavnf funkci
bylo zvySeni Unosnosti zeminy pod patou klenby a stability opéfi tunelu.
Druha fada byla vrtana pod Ghlem 45° smérem do hory a zamezovala vzniku
pro klenbu nezadoucich vodorovnych posunl. Po vyprofilovani zemniho
télesa do pozadovaného tvaru a polozeni separaéni vistvy byla vybetonovéa-
na konstrukce Zelvy ve ¢tyfech blocich délky 10 m.

3.4 BREZENSKY TUNEL (CESKA REPUBLIKA)

Bfezensky tunel je v souc¢asné dobé ve vystavbé a je budovan ve sloZitych
inZzenyrsko-geologickych pomérech. Podle geologického prizkumu se
v dotcené lokalité vyskytuji dvé hlavni skupiny sedimentl. Kvartérni sedi-
menty jsou zastoupeny preplavenymi spragovymi hlinami s rdznym obsahem
pis¢ité slozky, pod nimiz se nachdzi nepribézna, méalo mocna vrstva
Stérkopiskd. Terciérni sedimenty jsou zastoupeny monoténimi jilovymi je-

Obr. 8 Tunel Euerwang - zemni téleso pfed zahajenim razhy
Fig. 8 The Euerwang tunnel - the ground body before beginning of the
mining

concrete piles. The piles 900 mm in diameter were spaced at 1,000 mm cen-
ters. 96 pieces of the piles were built in total. Excavation and shaping of the
ground body down to the level of the external face of the vault of the future
tunnel's final lining followed (see Fig. 5). Another step was cutting of
grooves in already completed piles and application of a separation mem-
brane (see Fig. 6). Finally, the reinforced concrete structure of the arch was
cast block by block on the treated ground surface (see Fig. 7). Four blocks
12 m long were built in total. Geological conditions of the area in question
consisted of Quaternary covers represented by sandy loams, loamy debris
locally infilled with soiled limestone debris. Sands to heavily weathered
sandstones followed in lower courses. Dark gray to black colored plastic
clays and claystones with some content of fossils were present at the tunnel
invert level.

3.3 THE SCHELLENBERG TUNNEL (GERMANY,
THE NBS NURENBERG - INGOLSTADT)

The arch at the south portal of the double-track railroad tunnel was 40 m
fong. Geological structure of the area is characterized by non-cohesive
materials. Under a layer of loamy Quaternary debris and loams, there is
sandy alluvium of rusty to red-brown sands containing fragments of rock and
boulders. Alternating strata of sands, sandy gravels, locally even gravels,
are typical. Consolidation of the non-cohesive materials by means of jet
grouted columns (see Fig. 8) was designed with respect to the difficulties in
stabilizing the side wall areas carried out in the course of the bench excava-
tion, In the first phase, the ground was excavated down to the level above
the future vault roof. Then the bores for the 600 mm -diameter jet grouted
columns were drilled at 1,200 mm intervals. Two rows of the holes for
columns were drilled on either side. The columns in the first row were verti-
cal. Their main function was to improve the bearing capacity of the ground
under the vault footings and stability of the side wall area. The other row was
drilled at an angle of 45° to the rock mass. It prevented creation of vertical
displacement, which is unwelcome for a vault. When profiling of the ground
body and installation of separation membrane were completed the concrete
arch structure was cast In four steps, i.e. four blocks 10 m long,

3.4 THE BREZNO TUNNEL (THE CZECH REPUBLIC)

The Bfezno tunnel is currently under construction. It is being built in compli-
cated engineering and geological conditions. Geological investigation
showed that two major groups of sediments are found in the affected loca-
tion. Quaternary sediments are represented by water re-deposited loessal
loams containing variable portion of sandy components, with a discontinu-
ous layer of gravel sands of a low thickness. Clayey lake sediments of a
monotonous evolution represent Terliary sediments. These are clays of a
stiff, rigid to hard consistency, which assume a character of semi-rock, i.e.
claystone, deeper under the surface as a result of a long-standing consoli-
dation.

In such case not only the proposal of the tunnelling technique is technically
demanding, but also portal section construction method needs careful con-
sideration too. This is due to relatively flat morphology of the area, which
calls for long cut-and-cover sections at the portal areas. Actually, the
designed method for the construction pit support and the extent of earth-
moving works made the contractor attempt to find a technically and econom-
ically advantageous solution. The ILF Consulting Engineers company was
invited by the contractor to develop an optional solution in addition to the
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zernimi sedimenty. Jedna se o jily tuhé, pevné aZ tvrdé konzistence, kieré
nloubgji pod povrchem vlivem diouhodobé konsolidace nabyvajl charakteru
poloskalnich hornin - jilovel

Technicky naro¢ny je nejen navrh technologického postupu razby, ale
indvrh Fedeni portalovych dsekd. Pficinou je pomérné plochy raz tzemi, ktery
vede v oblasti portalt k dlouhym Usek(m budovanym v oteviené stavebni
jamé, Pravé zplsob zajisténl stavebnf jamy a rozsah zemnich praci vedl
dodavatelskou firmu ke snaze najit technicky i ekonomicky vyhodné fedeni.
Firma ILF Consulting Engineers byla dodavatelskou firmou vyzvana
k vypracovani aiternativniho fedeni k existujicimu navrhu zajisténi jamy
kotvenymi podzemnimi pilotovymi a zaporovymi sténami hloubky az 19 m
Kotveni stén je provedeno tfilanovymi pramencovymi kotvami pfes pfevazku
ve dvou urovnich. Délka kotev je navrzena az 18 m. V hlavach jsou stény
spojeny Zelezobetonovym véncem. Délka stavebni jamy je 150 m, hloubka
dosahuje 13,6 m,

Po zkuSenostech z obdobnych staveb v zahrani¢i navrhla firma ILF
Consulting Engineers fedeni vybudovanim konstrukce zelvy pfimo na vypro-
filovaném zemnim télese. Stavebni jama byla navrZzena jako svahovana se
zajisténim svahu stfikanym betonem se siti a hfebikovanim. V patkach Zelvy
byly navrZzeny mikropiloty, jejichZ hlavni funkcf bylo zachyceni vodorovnych
reakci z klenby. Mikropiloty byly navrzeny v Uklonu asi 30° od svislé, coz
odpovidalo sméru vyslednice sil v paté. RaZba pod Zelvou byla navrZena
podle zasad NRTM s horizontalnim ¢lenénim Celby na kalotu, jadro a dno. Po
ekonomickém posouzeni obou variant dodavatelskou firmou, pro kterou bylo
alternativni fedenf vypracovano, bylo pro realizaci jako cenové vyhodnéjsi
zvoleno plvodni zajisténi stavebni jamy kotvenymi podzemnimi sténami,
Viysledek ekonomického posouzeni byl piekvapenim pro projektanta | doda-
vatele, Pfiginou je pomér cen jednotlivych diléich praci a materidll na
Ceském trhu.

4. ZAVER

Na nékolika pfikladech jiz realizovanych tunelG je ukédzana metoda, kierd
umoziiuje fedit prechod mezi hloubenou a razenou ¢asti tunelu, Mezi ne-
sporné vyhody metody patti podstatné snizenf hloubky stavebni jamy a s tim
spojené sniZzeni nakladu na jejl zajiténi. V pfipad8, Ze je pouzita v lokalité
ohrozené sesuvy (viz tunel Branisko), pfispiva ke snfZeni rizika aktivace
sesuvy vlivem provadéni zemnich pracl velkych objemd a k zajisténf celkové
stability Gzemi. V pfipadé pouziti v nesoudrZznych materidlech je metodu
mozno doplnit dal§imi opatfenimi, kterd vedou k bezpeénému zajisténi razby
pod Zelvou. Jednd se zejména o podzemni stény nebo tryskovou injektaz.
Klenbovy tvar umoZiiuje v porovnani s rovinnou stropni deskou subtilngjsi
navrh konstrukce. Pro betonaz definitivniho osténi je pouzivan stejny bednici
vz, jako v razené ¢asti tunelu, Spole¢nym jmenovatelem v8ech uvedenych
opatfeni je snaha o ekonomicky ndvrh konstrukéniho Fedeni, tj. Gspora
investi¢nich nakladd.

Zcela jisté nezanedbatelny je i ekologicky aspekt, kdy mezi hlavni pfednosti
metody patfi minimalizace zemnich praci provadénych z povrchu a rychlé
obnoveni plivodniho stavu terénu.

Na pfikladu alternativniho fesenf portalu bfezenského tunelu je poukazano
na skute¢nost, Ze navrh technického feseni nelze vZdy posuzovat na za-
kladé zkugenosti z obdobnych staveb v zahranici, ale je tfeba brat v Gvahu
i cenova specifika zemé, ve kieré je konstrukce realizovana.

Uroveri vrtani pilot
Pile drilling level

existing design of the open cut stabilization by means of anchored pile walls
and soldier beam and lagging walls, reaching up to a depth of 19m. Three-
strand cable anchors passing through whalers on two levels anchor the
walls. The designed length of anchors is 18 m. The walls are interconnected
at the top by reinforced concrete capping. The construction pit is 150m
long, and its depth reaches up to 13.5 m.

Being experienced in similar projects abroad, ILF Consulting Engineers pro-
posed the ‘Turtle" method with the arch cast directly on the profiled ground
body. Sloped construction pit was designed, with the slopes supported by
sprayed concrete, welded wire mesh and nailing. Micropiles were designed
at the "turtle” arch footings. The main function of the micropiles was to bear
the horizontal reaction of the arch. The micropiles were designed al an incli-
nation angle of about 30° to vertical, which corresponded to the direction of
the resultant of forces at the footings. The NATM was proposed for excava-
tion under the arch with horizontal division of the face info top heading,
bench and invert. After an economic assessment of the two options by the
contractor, who had ordered the optional design, the original solution was
chosen, consisting of pit support by means of anchored diaphragm walls, as
economically more efficient. The result of the economical assessment was a
surprise for both the consulting engineer and contractor. The reason is the
proportion between the prices of individual partial operations and materials
on the Czech market.

4. CONCLUSION

A method allowing a transition between cut-and-cover and mined sections of
a tunnel is presented on several examples of already built tunnels. Among
indisputable advantages of this method there is a substantial reduction of
the construction pit depth and associated reduction of its support cost. If it
is utilized in a locality prone to landslides (see the Branisko tunnel), it con-
tributes to mitigation of the risk of landslides activation caused by large-
scale excavation. If it is used in non-cohesive materials, the method can be
supplemented by additional measures (mainly diaphragm walls or jet grout-
ing) which lead to a safe excavation under the arch. The vaulted shape
allows, compared to a flat deck, a more subtle design of the structure. For
the final concrete lining casting, the same travelling form is used as in the
mined tunnel section. A common denominator of all mentioned measures is
an effort to achieve an economic design of the structure, i.e. savings in cap-
ital cost

The fact that a proposal cannot be always assessed only on a basis of expe-
rience of similar projects abroad, has been documented using the alterna-
tive solution of the Bfezno tunnel as an example. Sometimes it is necessary
to consider specific prices in a particular country where the structure is to
be built,

Definitely, the environmental aspect cannot be disregarded since one of the
method's principal advantages is minimization of earthmoving operations
carried out from the ground surface and quick restoration of the ground sur-
face to the preexisting condition.

The method can be used in the construction of traffic bypasses and circuits
in city agglomerations, where the reduction of noise and dust emissions as
well as other negative effects connected with the tunnel construction in an
open construction pit play an important role.

_ Zelva
Turtle mail
| Separadni vrstva
Separation layer
Definitivni osténi
Final lining

Kalota
Top heading

Tryskova injekiaz
Jet grouting

Zpétny zasyp dna
Invert backfilling

Obr. 9 Tunel Schellenberg - pficny fez
Fig. 9 The Schellenberg tunnel - cross section

TK
Jado _ N/ .
Bench Dno jadra

-y N
.

A
Podkladni beton
Blinding concrete

IDno kaloty

i 20'7_gheading ﬂo\or b)
r\'.

&

ench fi

Primamni osténi

Drends Primary lining

Drainage



r

53 10. ROCNIK, €. 2/2001

Obr. 10 Tunel Schellenberg - zahdjenf profilovani zemniho télesa
Fig. 10 The Schellenberg tunnel — beginning of the ground body profiling

Obr. 11 Tunel Schellenberg - rozhrani Zelva - razeny tunel
Fig. 11 The Schellenberg tunnel - the arch and mined tunnel contact area
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VETRANI TUNELU METRA A SILNICNICH TUNELU

VENTILATION OF METRO AND ROAD TUNNELS

ING. MIROSLAV NOVAK, METROPROJEKT Praha, a. s.

Kazdé podzemni stavba musi byt alespon po uréitou ¢ast své Zivotnosti vétrana. Je jen
minimum pfipadd, kdy postaduje vyména vzduchu pfirozenym zpUsobem. Vétsinu je
nutno vétrat uméle. Prvnim obdobim je obdobi vystavby. Navrh a provoz tohoto vétrani
je upraven a fizen pfesnymi pfedpisy a normami a tvofi samostatnou ¢dst dokumen-
tace, podléhajici kontrole Ceského banského dradu. Dalsim obdobim je pak obdobf
provozu. Systém, zplsob a intenzita vétrani jsou tak jako v pfedchazejicim pripads,
také upravovany pfedpisy, predev§im hygienickymi, bezpeCnostnimi a poZarnimi,
av§ak pfipad od pripadu se vyrazné lisi podle velikosti, icelu a zplsobu provozovani
dila, jakoZ i v zavislosti na dobé vzniku dila, technickych a technologickych moznos-
tech na spole¢enském klimatu. Vlivem vyvoje téchto poslednich faktord dochazi zejmé-
na u velkych a dlouhodobé provozovanych staveb také k pfehodnocovéni potfebné
technické drovné a systémi jako takovych, nasledkem &ehoZ se systémy a jejich tech-
nické vybaveni rekonstruuji a inovuji. Navrhovani provozniho vétrani podzemnich
staveb je tudiz velmi rozsahlym oborem, v némz vypracovani vlastniho technického
feSeni je jen poslednim krokem sloZité analyzy vstupnich dat, posouzeni a selekce
pozadovanych parametrd, respektovani konkrétnich mistnich podminek, aplikace piis-
lusnych norem a predpist a v neposledni fadé i nejnovéjsich poznatk z provozu -
a bohuzel i havérii - téchto objektd, nejriznéjsiho druhu, ureni a provoznich pod-
minek.Struény popis aplikace téchto faktorl na konkrétni dilo je pfedmétem nasledu-
jicich fadkd, Byly vybrany dva charakteristické typy - podzemni dréha a silni¢ni tunel
Prvni pfedstavuje stavbu, v niZ prvofadym Ukolem ventilace je odvadét prebytecné
teplo, u druhého je pak rozhodujici odvod Skodlivych plynnych a pevnych zplodin.
Obéma je samozfejmé spole¢né zajisténi bezpetnosti osob v pfipadé havarie, pfede-
v&im pak havérie spojené s pozarem.

VETRANi TUNELU A STANIC METRA

Viaky metra (pét vozli) byvaji béhem dne obsazeny zpravidla 500 - 700 cestujicimi, ve
$picce viak tento poCet mize pfekrogit i 900 osob, PFivod ¢erstvého vzduchu o opti-
mélni teploté do podzemnich prostor metra je tudiz jednou z podminek nejen dosazeni
ur¢itého komfortu pfepravy, ale v nékterych situacich ptimo podminkou pieziti. Vétrani
podzemnich prostor metra je rozdéleno na dva systémy:

- Hlavni vétrani tuneld a nastupist metra;

- Staniénf vzduchotechnika.

HLAVNI VETRANI

Hiavni vétrani tuneld a nastupist metra zajisfuje provétravani a odvod tepelné zatéze
od provozu vlakd metra, technologického zafizeni a cestujicich z podzemnich prostor.
MnoZstvi vétractho vzduchu je navrhovano na zakladé tepelné-vihkostniho vypoctu
zpracovaného na pocitai. Vypocet zahrnuje akumulaci tepla do osténf tuneld a okolni
zeminy. Vysledkem je mnozstvi vétraciho vzduchu v daném Useku, které zajisti
dodrZeni minimalni a maximalni teploty vzduchu (5 °C/30 °C) na nastupistich stanic
metra. V soutasné dobé se zavadéji do provozu nové vlakové soupravy, které maji
moderni elektrovyzbroj s moZnosti Uspory elekirické energie pomoci rekuperace
Poklesne tepeind zatéz od provozu novych vlakl, a tim se i snizi naroky na vétrac
zafizeni. Systémy hlavniho vétrani se déli na vétrani pomoci stani¢nich vétracich
Sachet a u del3ich trafovych Gsekd se stanicnimi a trafovymi vétracimi §achtami. Ve
strojovnach vzduchotechniky jsou osazeny axiélni pfetlakové ventilatory APE 2240
(trasa I.C), APE 1800, APE 1400 (trasa A, B, I.C, I1.C). Na novych tsecich metra (IV.B,
V.B} jsou 0sazeny nové typy APC 1800, APC 1400. Ventilatory jsou vybaveny ob&Zznym
kolem s nastavitelnym Uhlem lopatek pro ménéni vykonu ventildtoru a moZnosti
reverzace sméru proudéni vzduchu. Hluk od provozu hlavniho vétrani je tiumen pomoci
buttkovych absorpénich tumic¢l hluku. Na nastupistich metra je od provozu ventilatori
hlavniho vétrani max. pfipustnd hladina hluku 50 dB(A). Na povrchu 10 m od vyuasténi
vétracich Zaluzii je dodrzena max. pfipustnd hladina hluku 40 dB(A) vzhledem
k provozu vétrani i v noénich hodindch. Ventildtory hlavniho vétrani jsou ovladany
v z4vislosti na teploté vzduchu na nastupistich stanic metra pomoci centralniho
fidiciho systému metra.

V pfipadé nehody, nebo dokonce pozaru v metru dochazi k ohroZeni zna¢ného poétu
osob, Pro zachranu cestujicich je rozhodujici zajisténi nezakoutené dnikové cesty
vhodnym nastavenim vétraciho systému, V opaéném pfipadé mlze vétraci zafizeni
celou situaci zhordit. Podle zjisténého mista pozaru jsou ventilatory hlavniho vétrani
nastaveny a spu$tény tak, aby byl zajistén pfivod Cerstvého nezakoufeného vzduchu
proti sméru pfedpokladaného dniku cestujicich z prostor metra na povrch,

Na obrazku ¢. 1. je zn4zornéno provozni schéma hlavntho vétrani na trase IV.B (sta-
nice Vysotanskd - Cerny most). Zde je pouzit systém vétrdni pomoci stani¢nich
véiracich Sachet a v Useku stanice Hloubétin - Rajska zahrada je navrZena trafova
vétraci $achta. Na obr. €. 2 jsou ventilatory hiavniho vétrani APE 1800 - 2 ks na trase
B, - $achta na ndmésti 14. fijna.

Every underground structure must be ventilated, at least for a certain period
of its lifetime. Only a minimum of cases exist when natural air change is suf-
ficient. Most of underground structures must be ventilated artificially. First
period when ventilation is needed is the time of construction. Design and
operation of this ventilation are described in and controlled by exact regula-
tions and standards, and form a separate part of the documentation, which
is subjected to a control by the Czech Mining Authority. The other period is
the time when the structure is in operation. The system, manner and intensi-
ty of the ventilation are also, in the same way as in the above case, con-
trolled by regulations, in the first place the hygienic, safety and fire protec-
tion ones. Although, they differ individually significantly depending on the
size, purpose and manner of operation of the works, and in dependence on
the time of the works origin, technical and technological possibilities, and on
political climate. Development of the latter factors causes, namely at large
consiructions and constructions under a long-term operation, changes in
opinions on technical levels and systems. As a result, the systems and their
technological equipment are refurbished and upgraded. Therefore, design-
ing of operational ventilation of underground structures is a very vast
sphere, where elaboration of a technical design proper is just the last step of
a complicated analysis of input data, evaluation and selection of parameters
to be required, consideration of particular local conditions, application of
relevant standards and regulations, and, last but not least, the newest
knowledge gained from operation and, regrettably, breakdowns of those
structures.

A brief description of application of those parameters on a particular con-
struction is the subject of the following lines. Two characteristic types of
structures were chosen, an underground railway and a road tunnel. The first
one represents a structure where the primary task of the ventilation is to
carry excessive heat away. For the latter structure, evacuation of harmful
gas and particulate emissions is the crucial concern. A common task is to
ensure safety of persons in a case of emergency, a fire emergency above
all.

VENTILATION OF METRO TUNNELS AND STATIONS

Metro trains (5 carriages) are usually occupied by 500 - 700 passengers
during a day, but this number can cross 900 persons in peak periods.
Therefore, fresh air supply of an optimal temperature into underground
premises of the metro is one of the conditions not only for a certain travelling
comforts, but also, in some situations, just for survival. Ventilation of under-
ground premises of metro is divided into two systems:

- Main ventilation of metro tunnels and platforms

- Station ventilation

MAIN VENTILATION

The main ventilation of metro tunnels and platforms supplies fresh air and
evacuates the heat load developed by the operation of metro trains, techno-
logical equipment and passengers from the underground spaces. The vol-
ume of the venting air is designed on the basis of a computer-processed
thermal and humidity calculation. The calculation takes into account the heat
accumulated by the tunnels lining and surrounding ground. The result of the
calculation is the volume of venting air within a given section, which will
ensure that the minimum and maximum air temperatures are maintained (5°C
/30°C) at metro station platforms. Currently, new trains are being introduced
into the service, which have modern electrical equipment, allowing savings
in electricity by means of recuperation. The heat load which origins as a
result of operation of the new trains will be reduced, thus the demands on
ventilation facilities will be diminished. Systems of the main ventilation are
divided into ventilation by means of station ventilation shafts, and ventilation
of longer running tunnels by means of both station and track ventilation
shafts. Ventilation plant rooms house axial overpressure fans APE 2240
(metro line IC), APE 1800, APE 1400 (lines A, B, 1IC, I1IC). New metro lines
(IVB, VB) are equipped with new types APC 1800, APC 1400. The fans have
impellers with adjustable angle of blades for changing the fan output and a
possibility to reverse the airflow direction. The noise caused by the main
ventilation operation is attenuated by means of cell absorption noise sup-
pressors. At metro stations, the maximum allowable noise level caused by
the main ventilation fans is of 50dB(A). At the surface level, 10m from the
mouth of ventilation louvres, a maximum noise level of 40dB(A) is maintained
with respect to the operation of the ventilation continuing during night hours.
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STANICNI VZDUCHOTECHNIKA

Technologické a sluzebni prostory stanic metra v Grovni nastupi$t a vestibull jsou
nucené provétravany, pfipadné klimatizovany. Jedna se o vétrani trafostanic, rozvo-
den, méniren, akumulatoroven, zabezpecovacich mistnosti, strojoven eskalatord, &er-
pacich stanic, dilen, skladl, socialniho zaf(zeni a dalsich sluzebnich mistnosti.
U vétrani prostor se vznikem Skodlivin (akumulatorovny, WC) je odvod vzduchu
zajistén vzdy na povrch. U raZenych stanic se odvod $kodlivin fesi pomoci vétracich
vrtl. Vétraci a klimatizaéni zafizeni jsou ovladana pomoci centrélniho fidiciho systému
v melru.

VETRANI SILNICNICH TUNELU

Intenzita silniéni dopravy se neustéle zvy$uje, ¢imz vznika vétsi nebezpei nehod
a pozdrd v tunelech. Zdokonalovanim vozového parku, zavedenim fizenych katalyza-
tor( se snizuji ndroky na vétrani tuneld v normalnim silni¢nim provozu.
Proto se pozar v mnoha pfipadech, i kdyZ jeho pravdépodobnost je nepatrna, stava
pro navrh vétrani tunelu rozhodujicim faktorem. Pozarni vétrani tunelu musi zabezpedit
v prvni fadé unik cestujicich na povrch, nebo do chranénych nezakoufenych prostor
(druhd tunelové trouba, unikova chodba apod.) a v druhé fadé ochranit stavebni kon-
strukci tunelu pred vaznym poskozenim. Nebezpeéf nehody v tunelu a nésledné
pozaru vozidla je u dvousmérnych tunell podstatné vétsi nez u jednosmérnych
samostatnych tuneld.
Systém pozarniho vétrani je navrhovan podle délky tunelu, dopravniho zatizeni,
stavebniho fedeni a dal$ich faktord. V kratkych tunelech, obousmérnych do 300 m, jed-
nosmérnych do 500 m, neni zpravidla nutné zavadét nucené vétrani v dopravnim
rezimu. Tunely se vét§inou vyvétraji plsobenim pistového Ucinku vozidel, pfirozené
aerace a vélru na portalech. Nucené vétrani i u kratkych tunell se vak zpravidla musi
instalovat u méstskych tuneld, kde &asto dochazi k naru$ovani plynulosti dopravy
a stani v tunelu vlivem navazujicich kfizovatek (napf. Letensky tunel). Del$i dalni¢ni,
silniéni a méstské tunely vyZaduji nucené vétrani pro normaini dopravni systém a zcela
nutné je v pifpadé pozaru. Systémy vétranf silni¢nich tunell Ize rozdélit na:

- Podélné vétrani;

- Pri¢né vétrani;

- Polopfi€né vétrani.

PODELNE VETRANI

Podélné vétrani zajistuje pomoci proudovych ventilatorl umisténych pod klenbou
proudéni vzduchu ve sméru jizdy vozidel. U krat$ich obousmérnych tunelli je rovnéz
mozné pouzit podéné vétrani s reverznimi proudovymi ventilatory, u kterych je mozné
smér proudéni ménit podle momentalni situace. V pfipadé poZaru v podéiné vétraném
obousmérném tunelu je nutné v prvni fazi vétrani odstavit a snizit rychlost podéiného
proudéni. Horké koufové zplodiny se po dobu kolem 6 — 8 min. drZi t&sné pod klenbou
tunelu a nad vozovkou do vy$ky asi 2 m se vytvofi vrstva vzduchu, kterd obsahuje min-
imalni mnoZstvi Skodlivych zplodin a umoZiuje Unik cestujicim. Po zminénych 6 - 8
minutach, kdy se koufové zplodiny ochladi, dojde k jejich promisenf v celém prifezu
tunelu, V této dobé je nutné spustit proudové ventildtory, aby zajistily podéiné

Stanice Viyso¢anska Stanice CKD Stanice Hloubétin
Viysolanska station CKD station Hloubétin station
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Obr. 1 Provozni schéma hiavniho vétrani
Fig. 1 Operating figure of main ventilation

Obr. 2 Ventilator hlavniho vétrani
Fig. 2 Fan of main ventilation

The fans of the main ventilation are controlled in dependence on the air tem-
perature at metro platforms by means of a metro central control system.

In case of an accident or even a metro fire, a large number of persons are
endangered. Correct adjustment of the ventilation system, which must
ensure smoke-free escape ways, is crucial for rescue of passengers. On the
contrary, the ventilation is able to aggravate the situation. Depending on the
located place of the fire, the fans of the main ventilation are adjusted and
activated in such a manner, which ensures supply of fresh smoke-free air in
a direction conirary to the anticipated escape of passengers from the metro
space to the surface.

The figure No.1 shows the operational chart of the main ventilation on the
line IVB (from the Vysocanska to Cerny Most station). The ventilation system
comprises station ventilation shafts and, within the section between the
Hloubetin to Rajska Zahrada stations, a track ventilation shaft. The figure
No.2 shows 2 APE 1800 fans of the main ventilation on the line B, installed in
the shaft in the 14th October square.

STATION VENTILATION

Equipment and service premises of metro stations at the level of platforms
and ticket halls are forcedly ventilated or air-conditioned. This is the case of
ventilation of transformer stations, substations, converting substations,
accumulator rooms, signalling rooms, escalator machine rooms, pumping
stations, workshops, stores, changing rooms and other service rooms. The
air from spaces where harmful emissions occur (accumulator rooms, toilets)
is always evacuated to the surface level. Evacuation of harmful emissions
from driven stations is through ventilation boreholes. Ventilation and air-con-
ditioning equipment is controlled by the metro central control system.

VENTILATION OF ROAD TUNNELS

Intensity of road traffic continually increases. This causes an increase in the
risk of accidents and fires in tunnels. Demands on ventilation of tunnels in
conditions of a normal road traffic decrease thanks to the improvement of
vehicles and introduction of controlled catalytic converters.
For that reason, in many cases, a fire becomes a deciding factor for tunnel
ventilation, despite the fact that its likelihood is so small. Firstly, ventilation
of a tunnel in case of a fire must ensure the escape of passengers to the sur-
face or to a protected smoke-free space (to the other tunnel tube, escape
gallery etc.) and, secondly, to protect the tunnel structure against a serious
damage. The risk of an incident in a tunnel and subsequent vehicle combus-
tion is significantly higher in two-way tunnels than the risk in separated one-
way tunnels.
The fire ventilation system's design depends on the tunnel length, traffic
load, structural design and other factors. In short two-way tunnels up to the
fength of 300m or long tunnels up to 500m, there is usually no need of intro-
ducing artificial ventilation in the lraffic regime. Those tunnels are generally
vented by the piston effect of vehicles and natural aeration and wind at por-
tals. Although, artificial ventilation must usually be installed in short urban
tunnels, where the fluent traffic flow is often impaired and vehicles stand in
the tunnel because of crossroads ahead (e.g. the Letna tunnel). Longer
highway, road and urban tunnels require artificial ventilation for the standard
traffic system. It is absolutely indispensable in a case of a fire event.
Systems of road tunnels ventilation can be divided as follows:

- Longitudinal ventilation

- Transverse ventilation

- Semi-transverse ventilation

LONGITUDINAL VENTILATION

Longitudinal ventilation ensures, by means of jet fans placed under the tun-
nel vault, that the air flows in the direction of the traffic flow. It is also possi-
ble, for shorter two-way tunnels, to use longitudinal ventilation with
reversible jet fans, which can reverse the flow direction depending on the
momentary situation. In a case of a fire in a longitudinally ventilated tunnel, it
is necessary to suspend venting and reduce velocity of the longitudinal air-
flow. Hot smoke emissions keep just under the tunnel vault for about 6-8 min-
utes, and a layer of air containing a minimum volume of harmful emissions
hovers above the roadway surface, which fact allows passengers to escape.
When the above mentioned 6-8 minutes are over, the smoke emissions cool
down and they get mixed within the overall cross section of the tunnel. At
this moment the jet fans have to be started to ensure longitudinal fresh air-
flow in the direction opposite to the direction of escape of passengers. For
one-way tunnels, where the direction of escape of passengers is obvious,
the axial fans have to be started in a case of an incident followed by a fire
immediately, with the fresh air flowing in the direction of travel (passengers
escape against the direction of travel). The choice of appropriate direction
of the airflow is questionable at two-way longitudinally vented tunnels with
respect to the possibility of passengers escaping in both directions. For
short tunnels, where it can be expected that the escape of passengers will
not take more than the above mentioned 6-8 minutes, ventilation is activated
after evacuation of persons in such a direction which will make the action of
a fire brigade possible. Escape galleries leading to an unaffected space,
ventilated with overpressure, must be built at longer one-way tunnels. Jet
fans allow the operation of ventilation at a temperature of 250°C for 90 min-
utes. They ensure longitudinal ventilation with the air flowing at a velocity of
2-3m/s in one-way tunnels up to the length of 700m, while in tunnels over
700m long the velocity amounts to 4m/s. Final design of the longitudinal ven-
tilation must be solved indivitually for each tunnel. The volume of ventilation
air and longitudinal flow velocity in a fire event depends on many other con-
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proudéni ¢erstvého vzduchu proti sméru dniku cestujicich. U jednosmémych tuneld,
kde je smér Uniku cestujicich jasny, je nutné podélné vétrani spustit v pfipadé nehody
s nasledkem poz4ru okamzité ve sméru jizdy vozidel (tnik proti sméru jizdy). U dvou-
smérnych podéiné vétranych tunell je problematické zvoleni spravnéno sméru
proudénf vzhledem k moZnému Uniku cestujicich do obou smérl. U kratkych tuneld,
kdy je mozno pfedpokladat, ze Unik cestujicich nebude trvat déle nez pravé onéch 6 —
8 min., se vetrani spusti aZ po evakuaci osob ve sméru, ktery uma?ni zésah hasi¢skych
zachrannych sbord. U del3ich jednosmérnych tuneld je nutné zajistit dnikové Stoly do
nezasazeného prostoru pretlakové vétrané. Proudové ventilatory umoziiuji vétrani pfi
teploté 250 °C po dobu 90 min. U jednosmérnych tunelll do délky 700 m zajigtuji
podélné vetrani o rychlosti proudéni 2 - 3 m/s a u tunelli o délce 700 m a vice 4 m/s.
Kone€ny navrh podélného vétrani je nutné fesit individualné pro kazdy tunel. MnozZstvi
vétraciho vzduchu a podélnd rychlost proudéni pfi poZaru zdvisi na mnoha dalsich
podminkdch navrhovaného tunelu. Jedna se zejména o umisténi tunelu v terénu,
dopravni zatiZeni a jeho vybavenost

PRICNE A POLOPRICNE VETRANI

U delSich tuneld s obousmérnym provozem se vét§inou navrhuje piiéné nebo
polopfitné vétrani. Pritné vétrani je feSeni pomoci pfivodniho kanalu &erstvého
vzduchu a odvodniho kanalu zneéisténého vzduchu.

V pfipadé pozéaru vozidla je nutné zajistit odsavani zplodin hofeni v oblasti ohniska
pozéru a zabranit jejich Sifeni. Soustfedéné odsavani z mista pozaru se v novéjsich
tunelech fesi plnym otevienim odsavacich klapek nad mistem pozaru.Vzdalenost mezi
klapkami je navrhovana asi 50 m a v pfipadé poZaru se plné oteviou 3 klapky. Ostatni
odsévaci klapky se uzavfou. Pfivod vzduchu se odstavi. Soustiedéné odsavanf
koufovych plyndl je velice G¢inné a zabrani rozéifovani koufe do dal$ich ¢asti tunelu.
MnoZstvi odsdvaného vzduchu pfi poZaru je 140 + 160 m%s. Rychlost proudénf odsa-
vaného vzduchu pfes klapky je asi 20 m/s, poZadovand tésnost uzaviené klapky asi
0,15 a2 0,2 m*ls m? pfi rozdilu tlak( 500 Pa. PFi poZéru je rozhodujici &as, kdy se spusti
pozérni vétrani se soustfedénym odsavanim koufovych zplodin. U pfiéného vétrani se
vyuZije odsavaci kanal, aby se eventuelné nemusel ménit smér proudéni vzduchu a
nebylo tfeba reverzovat ventildtory, coz mize mit za ndsledek zdrZeni 10 az15 min.

Obr. 3 Podélné vétrani
Fig. 3 Longitudinal ventilation

ditions of the tunnel being designed. They are namely the location of the tun-
nel in the terrain, traffic loading, and the tunnel equipment,

TRANSVERSE AND SEMI-TRANSVERSE VENTILATION

Generally, for longer tunnels with two-way traffic, transverse or semi-trans-
verse ventilation is designed. The transverse ventilation is a solution using a
duct supplying fresh air, and another duct evacuating polluted air.

In a case of a fire event, it is necessary to ensure extraction of combustion
products in the area of the centre of the fire, and to prevent its spreading. A
concentrated extraction from the fire location is solved by means of full
opening of exhaust louvres above the fire location. The intervals between the
louvres are designed of about 50m, and, in a case of a fire, three louvres are
fully opened. The other exhaust louvres close. The air supply is suspended
The concentrated extraction of waste gases is very efficient, and it will pre-
vent smoke from propagating into other parts of the tunnel. The volume of
the extracted air during a fire event is of 140 to 160m/s. Velocity of the
extracted air flow passing through the louvres is about 20m/s; the tightness
of a closed louvre of 0.15 to 0.2m*/s.n* at a difference of pressures of 500Pa
is required. The deciding factor at a fire event is the time when the fire ven-
tilation with the concentrated extraction of smoke emissions is activated. An
exhaust duct is used for the transverse ventilation so that the airflow direc-
tion need not be changed and the fans reversed, which operation can cause
a delay of 10-15 minutes.

A semi-transverse ventilation comprises, in the tunnel, a supply ducting with
louvres only. It is used for extraction of emissions, in a fire event, in a similar
manner as the transverse ventilation. If it is impossible to connect the duct-
ing to an exhaust ventilation shaft located at the mid-point of the tunnel, it is
necessary to reverse the supply fans and change the airflow direction before
the emissions extraction starts. Although, due to the delay induced, efficien-
cy of the system is compromised by this action. Exhaust fans, which are
generally at a bigger distance from the fire centre, must be able to perform
for 90 minutes at 250°C.

Systems of the longitudinal (semi-transverse) ventilation of highway tunnels
under the traffic regime and at a fire event are obvious from Fig. 3, 4, 5, 6.

Ptivod vzduchu
Air supply QOdvod vzduchu

Air extraction

Obr. 4 P¥i¢né vétrani
Fig. 4 Transverse ventilation
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Obr. 5 Pozami vétrani v podélné vétraném tunelu
Fig. 5 Fire ventilation at longitudinal aeration tunnel
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Obr. 6 Pozami vétrani pfi pficném a polopfi¢ném vétrani
Fig. 6 Fire ventilation at transverse and semitransverse ventilation
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U polopfiéného vélrani je v tunelu pouze pfivodni kandl s klapkami. Pf poZaru se
vyu2iva pro odvod zplodin obdobné jako u pfiéného vétrani. Pokud zde neni moZnost
napojeni kanalu na odsavaci vétracl $achtu ze stfedu tunelu, je nutné pfed zah4jenim
odsavani zplodin reverzovat piivodni ventilatory a smér proudén tim zménit. Zdrzeni
tim zplisobené ovSem efektivnost systému zhoruje. Odsavaci ventilatory, které jsou
v&tsinou ve vétsl vzdalenosti od ohniska pozaru, musi mit odoinost 250 °C po dobu
90 min.

Systémy podélného pfitného (polopti¢ného) vétrani dalni¢nich tuneld pfi dopravnim
rezimu a pfi pozaru jsou patmé z obr. &. 3, 4, 5, 6.

DALNICNi TUNELY NA D 8

Na pfipravovaném useku dalnice D 8 v Useku Lovosice - Rehlovice jsou navréeny dva
tunely: Prackovice, Radejéin, v Useku Trmice - statni hranice jsou navrZeny rovnéz dva
tunely, a to Libouchec a Panenska. Tunel Prackovice je vzhledem ke své délce asi
250 m vétran pouze pfirozenym vétranim, ostatni tunely maji navrzeno nucené podéiné
vétrani pomoci proudovych ventildtord umist&nych pod klenbou tunelu. Projektovou
dokumentaci tuneld Radej¢in a Libouchec zpracovavda METROPROJEKT Praha, a. s.

VETRANI DALNICNIHO TUNELU
BRANISKO - SLOVENSKA REPUBLIKA

Na ddlni¢nim Useku Poprad - PreSov, déinice D1 je v soutasné dobé stavén tunel
Branisko. Délka tunelu 4,8 km, stoupdni 1,2 %. V prvni etapé bude zprovoznéna pouze
jedna trouba s obousmérnym provozem. Pro zajiSténi normalniho dopravniho provozu
o intenzité dopravy 12 000 + 15 600 vozidel/24 hod (obousmérné) je navrzeno
polopficné vétrani zajistujici pfivod Gerstvého vzduchu v mnozstvl 120 m¥/s/km tunelu.
Piivod vétraciho vzduchu je feSen z obou portald pomoci axidlnich ventilator(
zausténych do podstropnich vétracich kanall. Zatsténi do prostoru tunelu je pfes
specidlni klapky na servopohon umisténé ve vzdalenostech po 50 m. Uprostied Useku
je navrZena odséavaci vétraci $achta, kterd odvadi zne€istény vzduch z prostfedni ¢asti
tunelu. Strojovna vzduchotechniky je na povrchu u vétraci $achty. V pfipadé poZaru
v tunelu se v daném misté otevfou 3 ks odsavacich klapek naplno, ostatni se uzavfou.
Pivodni ventilatory se odstavi a pomoci klapek v kandle se propoji pfivodni kanal
s odsavaci vétraci 8achtou, pies kterou se zajisti odsavani 140 + 160 m¥s. Vyhodou
tohoto Feseni je rychlé zavedeni pozarniho vétrani bez nutnosti reverzace ventilator( a
zmény sméru proudéni. B&hem zpracovani projektové dokumentace byla a. s. METRO-
PROJEKT navrhovana vétraci §achta uprostfed Useku nékterymi konkuren&nimi firmami
kritizovana jako zbyletna a drahd. Bez této Sachty by bylo tieba odvadét vzduch
v dopravnim rezimu pfes portély a v pfipadé pozaru by bylo nutné provést reverzaci
ventilatord a zménu sméru proudéni ve vétracich kanalech, coZ vede ke zdrZeni
nejméné 10 + 15 min. Po vzniku pozard v nékolika tunelech s tragickymi nésledky,
kterych jsme byli v posledni dobé svédky, je zfejmé, Ze takové "Setfeni' by nebylo
namisté a vétracf $achta na Branisku se jiZ samozFejmé realizuje.

Unik cestujicich pfi nehodg v tunelu po dobu provozu jedné tunelové trouby (tedy
obousmérné) je zajistén pres Unikovou $tolu, kterd byla vybudovana v pfedstihu jako
prlizkumna v misté budouci druhé tunelové trouby. Propojeni je realizovano pomoci
propojovacich $tol poZarné oddélenych od vlastniho tunelu. Unikové $tola a propojo-
vaci toly jsou pietlakové vétrany pomaci proudovych ventilatord.

Dvousmérny provoz v jedné tunelové troubé je pochopitelné z hlediska rizika dopravni
nehody nevyhodny. Jednd se v3ak o fedeni dogasné, kdy potfebné miry bezpenosti je
dosazeno pravé popsanym feSenim s odsavaci vétraci $achtou umisténou pfiblizné
uprostied délky tunelu. Schéma vétrani tunelu Branisko je na obr. €. 7.

Obr. 7 Schéma vétrani tunelu Branisko pfi poZzaru
Fig. 7 Fire ventilation of Branisko tunnel

TUNNELS ON THE D8 HIGHWAY

There are 2 tunnels designed on the planned section of the highway D8
between Lovosice and Rehlovice, i.e. the Prackovice and Radejcin tunnels.
Another 2 tunnels are designed on the section from Trmice to the state bor-
der, namely the Libouchec and Panenska tunnels. The Prackovice tunnel is,
owing to its length of about 160m, vented naturally only, while a forced lon-
gitudinal ventilation by jet fans placed under the tunnels' vaults is designed
for the other tunnels. The design documentation for the Radejcin and
Libouchovice tunnels is being developed by METROPROJEKT Praha a.s.

VENTILATION OF THE TUNNEL
BRANISKO - THE SLOVAK REPUBLIC

The Branisko tunnel is being built on the Poprad - Presov section of the high-
way D1. The 4.8km-long tunnel is on 1.2% gradient. Only one tube with two-
way traffic will be put into operation in the first phase. To ensure a normal
traffic with intensity of 12,000 - 15,600 vehicles per 24 hours (in both direc-
tions), there is a semi-transverse ventilation supplying fresh air volume of
120m*/s/km of the tunnel designed. The supply of ventilation air is ensured
from both portals by means of axial fans connected to ventilation ducts sus-
pended under the ceiling. Outlets leading to the tunnel space are covered
by specialist louvres with actuators, which are installed at intervals of 50m.
An exhaust ventilation shaft, which removes polluted air from the central parl
of the tunnel, is designed at the mid-point of the tunnel section. The ventila-
tion plant is at the surface, nex! to the ventilation shaft. In a case of a fire in
the tunnel, 3 pieces of the exhaust louvres are fully opened, while the others
are closed. The supply fans are stopped and, by means of flaps in the duct,
the supply duct is connected with the exhaust ventilation shaft. 140 -
160m’/s can be exiracted via the shafl. The advantage of this solution is a
quick activation of the fire ventilation without a need of reversing fans and
changing the airflow direction. The ventilation shaft designed by METRO-
PROJEKT at the mid-point of the section was criticised by some of competi-
tor companies in the course of the design development as unnecessary and
expensive. Although, without this shaft, the air would have to be extracted
via portals in a normal regime, and, in a case of a fire event, fans would have
to be reversed and the airflow direction in ventilation ducts changed. This
would induce a delay of 10-15 minutes at least. With respect to conflagra-
tions in several tunnels with tragic consequences, which we have witnessed
recently, it is obvious that such an economising would be inappropriate.
Needless to say, the ventilation shaft on the Branisko tunnel is being built.
Escape of passengers in case of an incident in the tunnel in the time when
one tunnel tube is operated (i.e. in both directions) is ensured via an escape
gallery, which was built in advance as an exploratory gallery on the align-
ment of the future second tube. Interconnection is ensured by means of
cross passages with fire stops separating them from the tunnel proper. The
escape gallery and the cross passages are ventilated with overpressure by
means of jet fans.

Obviously, the two-way traffic in a single tube is inconvenient in terms of the
risk of a traffic accident. Although, this is a temporary solution, which
achieves the required degree of safety by means of the above referred fo
design of ventilation with the shaft placed approximately to the mid-point of
the tunnel length. The chart of the tunnel Branisko ventilation is shown in
Fig. 7.

Qdvodni $achta
Ventilation shaft

Unikov4 $achta
Escape gallery

Obousméma tunelova trouba
Two - way road tunnel




r

s 10. ROCNIK, ¢&. 2/2001

ELEKTRICKA ENERGIE V PODZEMNICH LINIOVYCH
DOPRAVNICH STAVBACH S ELEKTRICKOU
STEJNOSMERNOU (DC) TRAKCI

ELECTRIC POWER IN UNDERGROUND
TRANSPORT-RELATED LINE STRUCTURES

WITH DIRECT CURRENT (DC) ELECTRIC TRACTION

MILOSLAV RiHA, METROPROJEKT Praha, a. s.

uvoD

V podzemnich liniovych dopravnich stavbach s DC elektrickou trakci ma
elektrick4 energie rozhodujici vyznam pro spinéni stanovenych poZadavkd
na jejich provoz a funkci. SlouZi pro pohon trakénich vozidel, vétrani, cer-
pani nefekalnich a fekalnich vod, pro pohon pohyblivych schodd, vytah(,
pro ohfev teplé uzitkové vody, vytapéni provoznich mistnosti a vestibuld
(s vyjimkou pfipadu, kdy je v blizkosti teplarna a je do nékleré casti stavby
zaveden teplovod), pro umélé osvétleni (pracovni, nouzové a unikové), pro
napdjeni drobnych spotfebi€l, pro napéjeni sdélovacich a zabezpetovacich
zatizeni, systémi délkového ovladani a fidicich systémd s programovatelny-
mi automaty. V tomto Clanku jsou podzemni liniové dopravni stavby
oznafovany zkratkou PLDS

Smyslem tohoto ¢lanku neni popis vyuZitl elektrické energie pro veskera
elektricka zafizeni inslalovana a provozovand v PLDS, ale zvyraznéni
nejddlezitéjsich ¢astl s hlediska zajidténi provozu, ochrany pied Urazem
elektrickym proudem, ochrany pfed Sifenim pozaru po kabelovych vedenich
a ochrany stavebnich konstrukci pfed koroznimi tginky bludnych proudd.

PRIVODY ELEKTRICKE ENERGIE

Z vySe uvedeného (a jisté ne zcela Uplného) vydtu vyuzivani elektrické
energie také vyplyva poZadavek na spolehlivost zaji§téni pfivodl elektrické
energie do liniovych dopravnich staveb s elektrickou trakci. Je zcela ziejmé,
Ze neni mozno pouzit systém napéjeni z distribu¢nich transformoven 22 kv
verejné rozvodné sité vzhledem k nebezpedi jejich moZného &ast&jiho
vypadku vlivem poruch v distribuénim rozvodu. V tvahu tedy pfichazi pouze
napéajeni z transformoven vy§8iho fadu 110/22 kV, AC, energetické soustavy.
(Vyhlaska Ministerstva dopravy a spojd CR ¢. 346/2000 Sb., kterou se ménf
vyhladka ¢. 177/95 Sh. Stavebni a technicky Fad drah, poZaduje pro elek-
trické stanice v metru napdjenf ze dvou na sobé nezavislych elektrickych
stanic vefejného rozvodu elektrické energie.

Napéjeni podzemnich liniovych dopravnich staveb s elektrickou trakci je
tedy nutno fesit jako dodavky 1. stupné, ze dvou nezavislych zdrojd, které
musi byt zaji§tény za v8ech okolnosti. Kazdy zdroj tedy musi mit k dispozici
takovy vykon, aby dodavky byly zajistény. (Rozumi se s vyjimkou udalosti
zcela mimofddnych - rozpadu nadfazené rozvodné soustavy 220 kV, 400 kV
a podobné.

Aby se vylouCily moZné nepfiznivé vlivy na dodavku elektrické energie
u kazdého pfivodu z nezdvislého zdroje (rozvodny 110/22 kV), je kaZdy
kabelovy pfivod vhodné fesit jako dvojity, ze dvou sekcl rozvadécl 22 kV
v kazdé rozvodné 110/22 kV. Vylouéi se tim moZné nepfiznivé vlivy na plynu-
lost dodavky elektrické energie pfi provoznich manipulacich v rozvodnach
110/22 KV, vylougi se tim moznost pferu$eni dodavky pfi poruse na jednom
z obou pfivodnich kabelovych vedeni 22 kV z rozvodny 110/22 kV do pfivod-
ni elektrické stanice v podzemni liniové dopravni stavbg, a snfzi se tim na
polovinu ztraty na vykonu v napdjecich kabelech pti jejich polovignim
provoznim proudovém zatiZen.

Situovani obou dvojityeh pfivodd z nezavislych zdroji (rozvoden 110/22 kv)
by z hlediska "dobrych mrav( feseni® bylo vhodné do asi 1/3 a 3/4 délky li-
niové dopravni stavby (z hledisek ubytkd na napéti a ztrdly na vykonu
v kabelovych vedenich ve vnitfnim rozvodu 22kV v celé délce stavby). Je
vSak v tomto piipadé vhodné upfednostnit hledisko oboustranného napajen(
kazde podzemni elektrické stanice - distribuéni transformovny, distribuéni
transformovny a trakéni ménirny (zkratky DT, MDT). Rozumi se tim to, Ze
z&dna DT, MDT nebude zavisla pouze na pfivodu z jednoho nezavislého
zdroje. Znamen4 to ovdem situovat oba pfivody z nezavislych zdroji do kon-
covych elektrickych stanic liniové dopravni stavby. PFi vétsich délkach takové
stavby je samoziejmé mozné (a v nékterych pripadech pfimo nutné) navrho-
vat dali pfivod z nezavislého zdroje (rozvodny 110/22 kV), v zavislosti na
energetickych a trak&nich vypottech (vétsinou do stfedu liniové stavby).

ROZVOD 22 kV V PODZEMNiI LINIOVE
DOPRAVNI STAVBE

Vzhledem k délkdm PLDS s elektrickou DC trakci a k vy&i pfenaseného
pftkonu elektrické energie je nutno fedit v PLDS samostatny kabelovy rozvod

INTRODUCTION

Electric power is of a deciding importance for meeting operational and func-
tional requirements set for underground transport-related line structures with
DC traction, It drives traction vehicles, ventilation, pumping non-sewage and
sewage water, escalators or elevators, and is used for service water heating,
operational rooms and concourses heating (with the exception of the cases
when a distribution heating plant is nearby and a part of the structure is con-
nected to a heat duct), artificial illumination (working, emergency and
escape one), for feeding electrical appliances, feeding telecommunication
and signaling systems, and remote actuation and control systems with pro-
grammable automation. This article uses an abbreviation UTLS for the
underground transport-related line structures.

The intention of this article is not to describe utilization of electric power for
all electrical equipment installed and operated in the UTLS. The intention is
fo highlight the most important parts from the aspect of the operational safe-
ty, protection against electric current caused accidents, protection against a
fire spreading along cables, and protection of structures against corrosive
effects of stray currents.

ELECTRIC POWER SUPPLY

The requirement on reliability of the electric power supply system for the
transport-related line structures also follows from the above mentioned, cer-
tainly not fully complete, listing. It is obvious that a system of the supply from
distribution transformer stations 22kV that are a part of the public distribu-
tion network can not be used because of the risk of more frequent power fail-
ures due to breakdowns in the distribution system. Then only the supply from
the higher order of the power infrastructure can be taken into consideration,
i.e. a transformer station 110/22kV,AC. (The Decree of the Ministry of
Transport and Communications of the CR No.346/2000 Coll., which amends
the Decree No.177/95 Coll., 'The Construction and Technical Code of
Railways", requires the supply for the power supply stations located in the
metro to be provided from two mutually independent power supply stations
of the public power distribution system. Therefore, power supply for under-
ground transport-related line structures with electric traction must be solved
as a 1st degree supply from two independent sources, which must be
ensured under any circumstances. Each source must provide such an out-
put, which guarantees the supply (with the exception of totally exceptional
events as a breakdown of the higher order distribution system, i.e. 220kV,
400kV etc.)

To eliminate potential unfavorable effects on the power supply from each
independent source (110/22kV substations), it is advisable to double each
feed line, with two sections of 22kV switchboards in each of the 110/22kV
substations. Thus the possible unfavorable effects on fluency of the power
supply caused during operational manipulations in the 110/22kV substations
are eliminated, also the possibility of disruption of the supply in an event of
a breakdown on one of the two 22kV feed cables leading from the 110/22kV
substation to the feeding power supply station located inside the under-
ground transport-related line structure, and loss of power in the feed cables
are reduced to a half at their operational loading reduced to one half.

It would be reasonable to place the two independent sources (110/22kV
substations) to the locations at about 1/3 and 3/4 of the transport-related line
structure length (with respect to the voltage drop and loss of output in the
cable lines within the internal 22kV distribution along the whole length of the
structure.) Although, it is advisable in such the case to prefer the aspect of
feeding each of the underground power supply stations (distribution trans-
former station, DT, distribution transformer station and traction converting
substation, CDT). It means that no DT/CDT will be dependent on feeding
from one independent source only. However, it also means that both feed
lines from the independent sources must be situated into the terminal trans-
former stations inside the transport-related underground line structure. If the
length of such the structure is bigger, it is obviously possible, and in some



s 10. ROCNIK, ¢&. 2/2001

Tunel

3 AC 22 kV, rozdéleny do dvou sekei A, B. Tyto sekce musi byt stavebné po
celé délce trasy navzajem oddéleny, nebo uloZeny oddélené do kabelovych
#labii z nehoflavych hmot — stupné A, podle CSN 73 0823. Kazda z obou
sekcl musi byt schopna pfenést cely potfebny pfikon. Jedna se tedy o zcela
autonomni 22 kV rozvodnou sit v PLDS.

ELEKTRICKE STANICE (DT, MDT)

Elektrické stanice se navrhuji v oddélenych ¢astech stanic pro pfepravu
cestujicich, na zakladé energetickych a trakénich vypoétd. Jsou to vzdy dis-
tribucni transformovny 3 AC 22/0,4 kV (DT) nebo distribuéni transformovny
a ménirny (MDT), kde mimo distribuéni transformovny je umisténa ve slej-
ném prostoru také polovodiova trakénl ménirna DC 825 V (praZské metro).
Z provadénych méfenl spotfeby elekirické energie na provozovanych tratich
prazského metra vyplyva, Ze asi 58 % spolfeby piedstavuje energie trakéni,
ostatni spotieba asi 42 % (pohony siroji a zafizeni, osvétlenl, vétrani, cer-
pani vody atd.).

Spotiebu elektrické energie pro trakci Ize podle praxe odhadovat na asi
1 MW/km trati (napf.pro interval viakl 120 sec a pétivozovou vlakovou
soupravu). Spotfeba je velmi zavisla na stoupani trati a na typu pouzitych
vozU.

UZEMNENI

Zakladem bezpecné a spolehlivé funkce v8ech elektrickych zafizeni a také
zabezpedeni ochrany osob pfed Urazem elektrickym proudem je v podzemnf
liniové dopravni stavbé jeji uzemnén.

Uzemnéni jednotlivych elektrickych stanic jsou v pribéhu celé délky liniové
dopravni stavby vzajemné propojena a tvoif jednotnou uzemiovact sit. Tato
uzemilovaci sit je spole&na pro zafizeni vysokého napéti (vn), nizkého napéti
(nn) a pro pevna trakéni zafizeni (PTZ). V pfipadé potfeby se navrhuje uzem-
néni i v mezistani¢nich Usecich (pfi jejich velké délce nad 1500 m).

U Zelezobetonovych stavebnich konstrukci podzemni stavby se uzemnéni
zpravidla navrhuje jako strojeny z&kladovy zemni¢, uloZeny pod zakladovou
deskou stavby, oddéleny od zakladové desky izolaci. Zemni odpor zemni&l
musi zarugit, Ze napéti uzemiovaci sité nepiekro¢i hodnoty dovoleného
dotykového napéti. Uzemilovaci sit se navrhuje vypoctem, kde rozhoduijfci
veli¢inou je efektivni hodnota proudu tekouciho zemni¢em

V pfipadech, kdy je ke stavbé pouZzito z¢asti litinového osténi, Ize toto osténi
vyuzit pro G€ely uzemnéni jako zemnice. S ndstupem novych technologii pfi
budovani liniovych podzemnich dopravnich staveb se v3ak litinového osténi
bude pouzivat stile méné a omezi se na zcela specifické pfipady.

V praxi se potfebna hodnota zemniho odporu pohybuje pod hodnotou
0,1 ohmu.

Ocelova vyztuz stavebnich konstrukci se nespojuje s uzemnénim, aby se
zabranilo pronikani bludnych proud( z elektrické DC (stejnosmérné) trakce
do vyztuze a nedochazelo tak k moZnému ohroZeni téchto konstrukci
koroznimi Uginky bludnych proudu.

Vlastni rozvod uzemnéni v celé délce liniové stavby se provadi CU pasky
o minimalnim prdfezu 120 mm? (na silnoproudé strané tuneld), FeZn pasky
o minim. prifezu 120 mm? (na slaboproudé strané tuneld).

Aby nedochéazelo k zavlékani bludnych proudd do liniovych podzemnich
staveb s DC trakci a naopak k ohroZovani okolnich staveb a podzemnich
kovovych tloznych zafizeni bludnymi proudy unikajicimi z DC trakce provo-
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Obr. 1 Schema ménimy a distribu¢ni transformovny (MDT) s dvojitym
kabelovym pfivodnim vedenim 22 kV z vefejné distribucni rozvodny
110/22 kV

Fig. 1 Diagrammalic representation of a converting substation

and distribution transformer station with a 22kV double cable supply
line from a public 110/22kV substation

cases even necessary, to design another feed line from an independent
source (110/22kV substation), depending on energy and traction calcula-
tions, placed in most cases to the mid-point of the line structure).

22kV DISTRIBUTION INSIDE A TRANSPORT-RELATED
UNDERGROUND LINE STRUCTURE

Considering the lengths of the UTLS with DC electric traction, and the
amount of the transmitted power, it is necessary to divide the independent 3
AC 22kV cable distribution system in the UTLS into two sections, A and B.
Those sections must be structurally separated along the whole length of the
route or placed separately into cable troughs made of inflammable materials
of grade A, according to the CSN 73 0823 standard. Each of the two sec-
tions must be capable of transmitting all the power necessary. Thus it is a
totally autonomous 22kV distribution network in the UTLS.

POWER SUPPLY STATIONS (DT, CDT)

Power supply stations are designed in separated sections of stations serving
for transport of passengers, on the basis of energy and traction calculations.
They are always distribution transformer stations 3 AC 22/0.4kV (DT) or dis-
tribution transformer stations and traction converting substations (CDT),
where also a DC 825 semiconductor traction substation is located in the
same space apart from the distribution transformer station (Prague Metro). It
follows from measurements of energy consumption performed on operating
lines of the Prague metro that traction power represents about 58% of the
consumption, while remaining 42% is consumed by machines and equip-
ment, lighting, ventilation, water pumping etc. The power consumption for
the traction can be, according to the experience, estimated at about 1MW
per 1km of the track (e.g. for intervals between trains 120s and the train
formed of 5 cars). The consumption depends significantly on the track gra-
dient and the type of the cars used.

GROUNDING

Grounding is fundamental for a safe and reliable function of all electrical
equipment and also for protection of persons against accidents caused by
electric current in a transport-related underground line structure. The
grounding systems of individual transformer stations are interconnected
along the whole length of a transport-related underground line structure, and
they form a unified grounding network. This grounding network is common
for high voltage and low voltage equipment and fixed traction equipment. If
needed, the grounding is designed even in the sections between stations (if
their length crosses 1,500m). Grounding of reinforced concrete under-
ground structures is designed under the foundation slab. It is separated
from the foundation slab by insulation. The ground resistance must ensure
that the contact voltage in the grounding network does not cross the values
of allowable contact voltage. The grounding network is designed by a calcu-
lation, where the deciding datum is the root-mean-square value of the cur-
rent flowing through the grounding grid.

in the cases where cast-iron lining is used partially for the structure, this lin-
ing can be utilized for the grounding as the grounding lead. Although, with
the introduction of new techniques in building transport-related underground
line structures, the cast iron use will decrease, and it will be restricted to
specific cases only.

In the practice, the value of the ground resistance required will stay under
the value of 0.1 ohm.

Steel reinforcement of building structures is not connected with the ground-
ing system so as to prevent penelration of stray currents from the DC elec-
tric traction to the reinforcement, thus to avoid the possible risk of corrosive
effects on those structures caused by the stray currents.

The grounding network along the whole length of a line structure is built from
CU strips min. 120mm? in cross section (on the heavy-current side of tun-
nels), FeZn strips min. 120mm? in cross section (on the light current side of
tunnels).

To prevent dragging of the stray currents into the underground line struc-
tures with DC fraction, and, in reverse, jeopardizing of neighboring buildings
and underground depository facilities made of steel by the stray currents
leaking from the DC traction being operated in the underground structures,
the grounding systems of transport-related underground line structures must
not be interconnected with other grounding systems. A minimum distance of
15m in all directions is required to exist between these systems.

FIXED TRACTION EQUIPMENT

DC electric traction is divided longitudinally, on the basis of traction calcula-
tions, into independently fed sections with bridged or non-bridged section-
ing of the third rail. These sections are fed from both sides, from two neigh-
boring traction-converting substations, with electric blocking of the feeder
outlets. If necessary, a switched off condition of the individually fed sections
is ensured by short-circuiting devices.

Nominal voltage of the traction DC electric power on the third rail is of 750V,
positive pole is connected to the third rail, negative pole on running rails.
The running rails are insulated against railway bed by rubber pads to pre-
vent occurrence of the stray currents originating from the electric traction of
the UTLS (Prague metro).
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Obr. 2 Dvoukolejny tunel metra. UloZeni kabell chnivzdornych a kabelll se
zvy$enou odolnosti proti Sifeni plamene na nosné ocelové konstrukce
s dvojhatky. Barva plastl kabell je oranZova. Foto: Metrostav a. s.

Fig. 2 A double-track metro tunnel. Fire resistant cables and cables with
enhanced resistance to flame propagation installed on a steel bearing
structure with double-hooks. The cable sheathing is orange.

Photo: Metrostav a.s.

zované v podzemnich stavbach, nesml se spojovat uzemmovaci soustava
podzemnich dopravnich staveb s jinymi uzemnovacimi soustavami. Mezi
témito soustavami se vyZaduje minimalni vzdélenost 15 m v8emi sméry.

PEVNA TRAKCNI( ZARIZENI

Elektrickd DC trakce je podéiné rozdéiena, na zéklada traké&nich vipeétd, do
samostatné napdjenych Usekl s pfeklenuteinym nebo nepfeklenuteinym
délenim napdjeci piivodnl kolejnice. Napéjené useky majl zajidténo obou-
stranng naﬁajenl. s slektrickym blokovanim napéjedovych vyvodl, ze dvou
sousedlcich trak&nich ménfren. Je-li tfeba, je vypnuly stav jednotlivych
napdjenych usekl za|istén zkratovadi.

Jmenovité napétl trakénl DC elektrické energie na pfivodnl kolejnici &inf
750 V, kladny pél je zaveden na pfivodn! napajeci kolejnici, zéporny pél na
|lzdnl koleje. Jizdnl koleje |sou uklédény na kolejové loZe izolovand, na
pry2ové podloZky, aby se omezll vznik bludnych proudd, pochézejicich
2 aleklirické trakce PLOS (pra2ské metro).

KABELOVE ROZVODY

Veskerd kabelovd vedenl v PLDS e nutno navrhovat 2 kabell se zvy$enou
odolnost( protl 8ifenl plamene, podla CSN IEC 332-3A, s nizkym vyvinem
d?l;toi?nkoroz!vnich l&tek pll hotenl, s pladtém a l2olacl 2 bezhalogsnnovych
smas! (R).
Kabelova vedenl, kierd napd|o|f zatlzenl, na kterych zdvisl bezpednost osob
o lunkee dule2ityoh .'.srlzenhtla nutno navthovat 2 kabell bezhalogenovych,
8 funk&nl schopnostl ptl podru podie normy CEl IEC GO 331, s nfzkym
vyvinem dymu a korozivnich [atek pti hatent (V).
Vﬁhmdnlm pouivanim vyse uvedenych kabolu se 2vyBenou odolnostl protl
Sitenl plamena {Hl o kaboll s funkénl schopnosti ptl pozdru (V) se praklicky
vyloudt nabazgad gitonf pokaru v PLDS po kabnlov?ch vedonich a zalména

o kabelovyeh vedanich v tuneloch, kde o ?mud olm vaduchem (vetrdn(,
Eadnucl viakove aoupravy) alteni vanikieho po2dru podporavdno,

okud |sou veiikera kabelovd vedani provedena 2 kabald (R) nebo sV).
nemus( byt na tdahto kabelovyeh vedenich v tunelech zfizavany asl po 100
motrech protipotdml pledédly,
Plisludné kabelové uuuburw pro vye uvedené kabely ée nutne Ravrhavat
lrxoa\{:na%v; aapc!acl;ll(r;.'aali protl dlfenl plamene podle CSN |EC 832-3, 2e)ména
Kabelové roand konstrukoe ge deporuduje navinoval & poRdrl odolnost
minimdlng 80 minut, Materidly ?ro keyll & ukladanl kabelovyeh vedeni
(kabelové !Iahr. Lrubky, roury atd,) musl hgt atupné A (stavebnl hmal
nehollavee, vyiimednd (po projedndnl & Hasldakym 2dchrannym lbcrenﬁ
slupné B (nesnadno hotlavé), podie GSN 73 0823,
PIl prostupach kabelovyeh veden! po2érnd deélleiml kenatrukeeml must byt
prostupuliel kabelova veden! wtdanena Brullpolamlml uepéavkaml s potreb-
nou po2drni odolnostl, minimalng véak 80 minut,
2 duvodu pohotove (dentifikace kabelu ulodenyeh v PLDS e vhodné navehe:
vglﬁéghaly (R) ® barvou pladtd arandevou, kabely (V) s barvou pléaté avétle

U,

ornd barva gl&il& kabell (plastove kabely) se lady neam( v PLDS vyakyla-
vat, Dodr2ovanl 1&ehto zdead pomue odhalll pfi kolaudacieh "nevhodného
|edince = plastovy kabel', kiary hynnektur)\ dodavatel peudil v rezpery se
zésadou Pousrval v PLDS pouze kabely (R) nebe (V),
(Opattenl plaind pro prazaké melro.)

OCHRANA PRED URAZEM ELEKTRICKYM PROUDEM

Vedkerd elokiriokd 2aMzenl eiluovand a prevezevand v PLDS musf byt
zabezpelena tak, ebt gl’l &vé 0innoell neenrodevala 2lvet anl 2drav( aestu-
Jlofeh & oeeb v PLDS praculieiah a 2areveh vykazevala potlebnou

CABLE DISTRIBUTION

All cable lines in the UTLS must be designed from cables with enhanced
resistance to flame propagation, according to the CSN IEC 332-3A standard,
with low smoke and corrosive substances emission in fire, with halogen-free
sheath and insulation (R). ’

The cable lines feeding the equipment which the safety of persons and func-
tion of important equipment depends on must be designed from fire resistant
(capable of operation in fire in accordance with the IEC 331 standard) halo-
gen-free cables, with low emission of corrosive substances in fire (V).

The sole use of the above referred to cables with enhanced resistance to
flame propagation (R) and cables with the functional capacity in fire (V)
practically excludes the risk of a fire propagation through UTLS along cable
lines, namely along supports the cable lines in tunnels, where flowing air
(ventilation, moving trains) supports propagation of a fire once it has
oceurred.

If all cable lines consist of the (R) or (V) cables, no fire breaks have to be
built on those lines every 100m.

The cable systems pertinent to the above referred to cables, cable cou-
plings above all, must be designed with resistance against flame propaga-
tion according to the CSN IEC 332-3 standard.

It is recommended for cable bearing structures to be designed with fire
resistance of 90 minutes as a minimum.

Materials for cable lines covers and ducts (cable trays, pipes etc.) must be
of the category A (inflammable buildings materials), exceptionally (after
approval by the Fire Department) of the category B (materials flammable
with difficulty) according to the CSN 73 0823 standard.

Cable lines passing through fire separation structures must be sealed with
fire packing with the fire resistance necessary, 60 minutes as a minimum.

it is advisable for the possibility of prompt identification of cables laid in
UTLS to design the (R) cables with orange sheathing, and the (V) cables
with light brown sheathing. It means that black color of cable sheathing
(plastic cables) must not occur in the UTLS. Keeping to those principles will
help to find an "inappropriate individual, i.e. a plastic cable’, which might be
used by a contractor in conflict with the principle of using the (R) or (V)
cables only in the UTLS (Guidelines valid for the Prague Metro).

PROTECTION AGAINST ELECTRIC CURRENT
CAUSED ACCIDENTS

All electric equipment installed and operated in the UTLS must be protected
properly so as to prevent jeopardizing of life and health of passengers and
persons working in the UTLS, and, at the same time, to ensure the reliability
and life length necessary. For that reason the use of specified equipment in
the UTLS is subjected to approval according to specific regulations (e.g. for
the Prague Metro). Enhanced protection against dangerous contact with
dead parts of electric equipment and distributions is designed. This applies
to dead parts up to 1,000V AC and 1,500V DC as well as to dead parts over
1,000V AC and 1,500V DC. For internal spaces of a character of office
rooms, some operational rooms, changing rooms and small intermediate
stores with external effects AB5, BC2, BD1 and CA1, which are an excep-
tion, & base protection is designed.

A Memorandum on determination of external effects (the CSN 33 2000-3
standard 'Dstermination of base characteristics') must be worked out for all
UTLS spaces and rooms. This memorandum is a starting document for the
design of the protection in particular spaces and rooms.

The protection against dangerous contact with live parts Is carried out by
Insulation, covers in closed transformer stations are also protected by the
location or barrlers. In addition, protection by additional insulation s
designed for transformer stations (DT, COT).

The protection against electric current caused accidents Is designed in
compliance with the CSN 33 2000-4-41 and other related standards.

PROTECTION OF STRUCTURAL PARTS
OF THE UTLS AGAINST CORROSIVE
EFFECTS OF STRAY CURRENTS

Reinforced concrate structures of the UTLS have to be protected against
gorrosive effects of stray currents orlginating from the DC traction proper
and frem the DC tragtion of surface rail-bound traffic (trams, eloctrilied
trackg of the Ceeeh Railways), The ground environment n,;graasmn atays,
awing o the alray eurrenta in the ground, al the level Il - Increased, In the
vieinity of traetien eonverting aubstaliond for trama it ataya al the level 1V -
very high. The reasen (8 the dense (ram network with many lraction convert:
ing aubstations, and alao the faet that the lraeka of the Ceeeh Railwaya are
eleclrified by a DC 1,600V direct eurrent ayatem. Agsesamen! of the aggres-
slen Ig ecarried out aeeording o the CSN (3 8375,

A geaeleclric measurement ef the eorraaion praperly of the ground enviran-
ment and measurement of the ground realalivity in seleeted pointa aleng the
whele length of the UTLS ia a basia necesnary for he protection dasign,
Protection of reinfarced conerele alruetured of the UTLS againg! the corro-
alve effects ef the ground envirenment and elray eurrents is, for the abeve
relefred lo readene, desfﬁlned ag a basle paaslve aecondary proleolion pro:
vided on the surface ef Ihe reinfareed coneréle slruelurea, al thelr eontas!
with the greund envirenmenl,
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spolehlivost funkce a délku Zivotnosti. Z tohoto divodu se uréend zafizenf
schvaluji pro pouziti v PLDS podle zvlastnich predpist (napfiklad pro
prazské metro).

Ochrana pfed nebezpecnym dotykem nezivych &asti elektrickych zafizeni
a rozvodl se navrhuje jako zvySena.To plati jak pro nezivé ¢asti do 1000 V
AC a 1500 V DC, tak i pro neZivé ¢4sti nad 1000 V AC a 1500 V DC. Vyjimkou
jsou vnitini prostory charakleru kancelafl, nékterych provoznich mistnostl,
saten a malych pfiruénich skladd s vnéjsimi viivy AB5, BC2, BD1, CA1, kde
se navrhuje ochrana zakladni.

Pro veskeré prostory a mistnosti PLDS musl byl zpracovén Prolokol o uréeni
vnéjsich viivi (CSN 33 2000-3 Stanoveni zakladnich charakteristik), klery je
vychozim podkladem pro navrh ochrany v jednotlivych prostorach a mistnos-
tech.

Ochrana pted nebezpe&nym dotykem Zivych Gasti se provadi izolaci, kryty,
v uzavienych elektrickych stanicich téZ polohou nebo zabranou. V elektric-
kych stanicich (DT, MDT) se navrhuje je&1& ochrana doplikovou izolaci.

Pfi feSeni ochrany pfed Urazem elektrickym proudem se postupuje podle
SN 33 2000-4-41 a norem souvisejicich

OCHRANA STAVEBNICH KONSTRUKCI PLDS
PRED KOROZNIMI UCINKY
BLUDNYCH PROUDU

Zelezobetonové konstrukce PLDS musf byt ochranény pfed koroznimi Gginky
bludnych proudd z viastnl DC lrakee a 2 DC lrakece povrchove kolejove
dopravy (lramvaje, elekirizované tratd CD). Agresivita pidniho prostied| se
vzhledem k bludnym prouddm v zemi (napfiklad v Praze) pohybuje na stupni
Il - zvySend, v blizkosti trakénich méniren tramvaji na stupni IV - velmi
vysoka, Pfi¢inou je piedevsim hustd tramvajova sif s mnoZstvim trakénich
méniren a také skuleénosl, Ze tralé CD jsou v Praze a okoli eleklrizovany
stejnosmérnou soustavou DC 1500V. )

Hodnocenf agresivity prostfedi je provadéno podie CSN 03 8375.

Nutnym podkladem pro navrh ochrany je provedeni geoelektrického méfeni
korozity zemniho prostiedi a zdanlivého mérného odporu zeminy ve vytypo-
vanych bodech celé délky PLDS.

Ochrana Zelezobetonovych stavebnich konsirukel PLDS pied koroznimi
Oéinky pldniho prostiedi a bludnych proud( se (z vy$e uvedenych divodi)
navrhuje jako zakladni pasivni sekundarni ochrana na povrchu Zzelezo-
betonovych konstrukel ve styku s pldnim prostfedim,

V piipadech, kdy z divodd pouZité technologie stavby tunelll (v praxi spise
jejich nékterych c¢asti} neni realné navrhovat zakladni pasivni ochranu
(napfiklad u prefabrikovanych zatahovanych ¢asti), navrhuje se zakladni
primarni ochrana. V tomlo piipadé viak musi byt pouZity vodolésné betony
(CSN 73 1209) se sniZenym obsahem chlaridovych iontd pod 0,4 % z hmot-
nosti cementu a musi byt zohlednéno zvysené kiyti ocelove vyziuZe a even-
luéing navrzeno jeji zesileni. (CSN 73 6206).

Cela slavba se podéiné rozdéluje na galvanicky cddélené Gseky. V tralovych
tunelech v délce do 80 metrd, ve stanicich v dilatadnich sparach jed-
notlivych ¢asti Zelezobetonovych konstrukei, Toto galvanické oddéleni plati
i pro dodate¢né provadéné vnitini stavebni konstrukce (napfiklad pro kole-
jové loZe, odstupové rampy a podobné),

Casl ocelové vyziuze v kazdém galvanicky oddéleném (iseku je v poliebném
prifezu mm? provarena, aby bylo moZna zjidfovat eventuelni prdniky blud-
nych proudd do Zelezobetonové konstrukce,

Na rozhrani galvanicky oddélenych Zelezobetonovych stavebnich konstrukel
se zfizuji kontrolni méfici vyvody z ocelové vyztuze, pro moznost méfeni
praniku bludnych proudd do této konstrukce. Toto méfeni se provadi po
dokonceni stavby a dale pfi provozu PLDS v pravidelnych ¢asovych inter-
valech, naméfené hodnoty se eviduji, sleduji a vyhodnocuji se jejich
zmény.V pfipadech nahlého zvy$eni zméfenych hodnot se pfijimaji opatfeni
ke zjisteni praniku bludnych proudd do konstrukci a navrhuji se opatfeni
k zamezeni 1&chto pranikd.

Jednotlivé méfici vyvody se kabely soustfeduji do kontrolnich méficich bod(
a odtud se kabely pfevadéjl do méficiho centra, kieré tvoii svorkovnicova
rozvodnice v kazdé elektrické stanici

Galvanicky oddélené stavebni konstrukce nesmi byt pfeklenuty vestavénymi
nosnymi kovovymi konsirukcemi, kovovym potrubim, kolejnicemi, kovovymi
plasti kabelt a podobné (vy&et nenf taxativni). Z tohoto divodu se kovové
nosné konstrukce pripevnuii do Zelezobetonovych stavebnich konstrukei
pfes izolaéni hmoZdinky, kovova potrubi a kolgjnice se ukladaji na izolacni
podlozky.

Veskeré pripojky na vnéjsi inZenyrské sité, pokud jsou z kovovych materiald,
musf byt opalfeny pfi vstupu do PLDS izolagnimi vioZkami.

Kovové plagté kabell, které vstupuji jako pfipojky nebo pfivody do PLDS
a nejsou opatfeny na povrchu izolaci, musi byt uloZzeny na kovové nosné
konstrukce izolované (napitklad na izolaéni desky, izolacni pfichytky-kame-
ny a podobné).Tyto kovové plaslé lze uzemnit na uzemnéni metra pouze
pfes prorazky. PoufZivaji se pouze prirazky s opakovatelnou funkel
Elektricky odpor dvou sousedicich Zelezobetonovych konstrukci se povazuje
za vyhovujici, pokud jeho zméfend hodnota neni mensi nez 5 kilohma.

ZAVER
Je tfeba konstatovat, ze s kazdou nové projektovanou podzemnl liniovou
dopravni stavbou (u metra s kazdou novou trasou), dochazi k pouziti novych
technologif jak ve vlastni stavbé, tak i v jejim technickém a provoznim vy-
baveni. To se v piné mife tyka také elektrické energie, jejiho rozvodu, vyuziti
a pfisludnych elektrickych zafizeni véetné zafizeni DC (stejnosmérné)

trakce, fedeni uzemnéni,ochrany pied koroznimi G¢inky bludnych proudu
a bezpednosti 0sob a technickych zafizeni.

Betonova vyztuz  Koutovy oboustranny svar Bodovy svar
konstrukce a=4, dl.10 @ 5mm
Reinforcem Double fillet weld Spot weld

Bodovy svar
& 5mm
Spot weld Povrch betonové konstrukce

Concrete structure surface

Délka minimalné

pro 2 matky
Lenght for 2 nuts min.

Obr. 3 Detail kontrolniho méficiho vyvodu
Fig. 3 Detail of check measurement outlet

In the cases when it is not realistic to design the basic passive protection
due to the tunneling technique used (e.g. at precast sections placed in posi-
tion by drawing), a basic primary protection is designed. Although, in such a
case, watertight concrete (the CSN 73 1209 standard) with the chioride ions
contents reduced under 0.4% of the cement weight has to be used, and
increased steel reinforcement cover has to be taken into consideration or
the reinforcement has to be strengthened

The whole structure is divided longitudinally into galvanically separated sec-
tions. Running tunnels are divided into 80m-long sections, stations are divid-
ed by expansion joints between individual parts of the reinforced concrete
structures. This galvanic division is also used for subsequently performed
internal structures, e.g. trackbed, emergency walkway ramps efc.).

A part of the steel reinforcement in each galvanically separated section is
welded together, with the weld cross section of the mm? as necessary, so
that the determination of contingent stray currents leakage into the rein-
forced concrete structure would be possible.

Check measurement outlets from the steel reinforcement are installed at the
contacts between galvanically separated reinforced concrete structures to
make the measurement of the leakage of the stray currents into the structure
possible. This measurement is carried out after the construction completion,
and further on, at regular intervals, during the UTLS operation. The meas-
ured values are recorded and monitored, and their changes are assessed.
In cases of an abrupt increase in the measured values, measures are adop!-
ed to detect the leakage of stray currents into the structures, and measures
are designed to stop this leakage.

Individual measurement outlets are connected fo common check measure-
ment points by cables. Other cables lead from the check measurement
points to a measurement center, which consists of a terminal distribution
board installed in each transformer station.

Galvanically separated building structures must not be bridged by built-in
bearing steel structures, steel pipes, rails, metal cable sheathing etc. (the
listing is not enumerative). For that reason, bearing steel structures are fixed
to reinforced concrete structures through insulation dowels. The steel
pipelines and rails are placed on insulation pads.

All connections to external utility networks made of metallic materials must
contain insulation inserts at the entry to the UTLS

Metallic sheathing of cables which enter the UTLS as connections or feed
lines and are not covered by insulation must be insulated from metal bearing
structures (e.g. by insulation plates, insulating cable clips etc.). Those
metallic sheaths can be connected to the metro grounding system via break-
down devices only. Only the break-down devices with repeatable function
are used. Electric resistance between two neighboring reinforced concrete
structures is considered as satisfactory if its measured value is not less than
5kOhm.

CONCLUSION

It is necessary to state that a lot of new techniques, both in the siructure
and its technological and operational equipment, are introduced with
every newly designed transport-related underground line structure (re-
garding the metro, this is with each new line). This fully applies to the elec-
tric energy, its distribution, utilization, and pertinent electric facilities,
including DC traction equipment, the design of grounding, protection
against corrosive effect of stray currents, and safety of persons and techni-
cal facilities.
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ENERGETICKY SYSTEM PRAZSKEHO METRA

THE PRAGUE METRO POWER SYSTEM

ING. VLADIMIR SEIDL, METROPROJEKT Praha, a. s.

Prazske metro je specifickd podzemni stavba, kterd pfi provozovani vy#adu-
je specidlni systém zdsobovani elektrickou energii tak, aby nedoslo
k ohroZeni bezped&nosti pfepravovanych osob a obsluhujiciho personalu,
Prazske metro je jednim z nejvétdich velkoodbérateld elektrické energie
v hlavnim mést& Praha. Primérna rodni spotfeba elektrické energie &ini 192
gigawatthodin. Odbér praZského metra je zafazen v 1. stupni dileZitosti
elektrického napdjeni,

Jednotlivé provozni Useky tras metra jsou napdjeny z rozvoden 110/22 kV
PRE. Pfivodnf kabelova vedenf 22 kV jsou dvojita a spolu s nimi je pfikladan
ovladaci opticky kabel, ktery slouZi jako spojova cesta ochran a pfenos
daldich 0daji mezi rozvodnou PRE a vstupni elektrickou stanicf p¥islugného
provozniho Useku trasy metra. Ze vstupni elektrické stanice je vedeno dvo-
jité kabelove vedenf 22 kV do ostatnich stanic. Vzhledem k jiz uvedenému
prvnimu stupni dodavky elektrické energie je rozvod 22 kV rozdélen do dvou
sekci vedenych samostatnou trasou.

Na jednotlivych trasach metra jsou budovany v kazdé stanici distribuéni
transformovny a podle potfeby napéjeni traktniho zafizeni vychézejicl
z energetického vypottu jsou v nékterych stanicich umistény ménirny a dis-
tribuéni  transformovny. Distribu&ni transformovna obsahuje technologick4
zafizeni slouzici k napéjenf osvétleni stanice, silovych rozvodd a dalich
potfeb metra. Zarovefl jsou z téchto transformoven napajeny i v soudasné
dobé se rozvijejici obchodnf vybavenosti stanic metra.

Distribu¢ni transformovna je tvofena rozvadétem 22 kv, tfemi distribuénimi
transformatory 22/0,4 kV, z nichZ jeden slouZi pro napajeni svételnych
rozvodd, druhy pro napéjeni motorovych (silnoproudych) rozvodd a tieti pro
napéajeni obchodni vybavenosti.

Dale je distribugni transformovna tvofena rozvadécem s centralni kompen-
zacl, dobije¢i (usmériiovag s akubateril a stejnosmémy rozvadés 220 Vss),
zdloZnim zdrojem UPS a dal$im zafizenim. Ménirna a distribugni transfor-
movna obsahuje shodn4 zafizenf jako distribu¢ni transformovna, navic je
roz8ifena o trakénf blok slouzici pro napéjeni trakéniho zafizeni.

Tento blok je tvofen dvéma trak&nimi transformatory s usmérifovadi a stej-
nosmérnymi rozvadédi 825 Vss.

Kazdy transformator je za normélniho provozu zatizen maximalné na 50 %
vykonu, tzn. Ze pfi vypadku jednoho z transformator( (sekce A a B) je scho-
pen funkénf transformator prevzit celou z&t&2.

Z distribu¢nich rozvadééd je potom proveden rozvod elekirické energie do
podruznych rozvadésl silovych rozvodd a osvétleni a odtud déle k jed-
notlivym spotfebittm.

Energeticky dispeéink se nachazi v Centralnim dispecinku MHD v ulici Na
bojisti. Odtud jsou dalkové ovladany a zpétné signalizovany stavy trakénich
méniren a distribuénich transformoven. Dale je z energetického dispedinku
fizeno a kontrolovano zasobovanf elektrickou energii,

Qsvétleni stanic metra prolo od prvnich provozovanych dsekd velkym vyvo-
jem at |iz v typech pouzivanych svitidel, tak v uloZeni napéjecich kabeld.
V soutasné dobé se pouZivajl pro osvétleni nastupist a eskalatorovych
tunell sdruZené nosice svitidel.

Osvétleni v metru se d&li na hlavni, pomocné, orientadni a nouzove.

The Prague Metro is a specific underground structure, which requires a spe-
cial system of power supply during its operation. The system must guarantee
that the safety of passengers and the attending staff is not compromised
The Prague Metro is one of major consumers of electrical energy in the
Prague capital. An average annual consumption of electrical energy
amounts to 192 gigawatt.h. The Prague metro consumption is rated as class
1in terms of importance of power supply.

Individual operational sections of the metro lines are fed from 110/22 sub-
stations of the Prague distribution system. The 22 kV feeder cable lines are
doubled. They are led together with an optical control cable, which serves
as a connection route for protections and for transmission of other data
between a PRE substation and an entry substation pertaining to a particular
operational section of the metro line. A 22kV double cable line is led from the
entry substation to the other substations, With respect to the above referred
to first stage of the power supply, the 22kV distribution is split into two sec-
fions led in a separate route.

Each station of a particular metro line has its own distribution substation,
and, according to the need of the traction facility supply based on an energy
calculation, converter stations combined with distribution substations are
built in some metro stations. A distribution substation houses technological
equipment serving for supplying of the station illumination, power distribu-
tions and for other needs of the metro. Simultaneously, retail shops, which
are thriving now, are supplied from these substations.

A distribution substation consists of a 22kV switchboard, three 22/0.4kV dis-
tribution transformers (one transformer serves for supplying of lightening dis-
tributions, the other one for supplying of motor, i.e. heavy current distribu-
tions, and the third one for supplying of the retail facilities). In addition, the
distribution substation houses a switchboard with a central compensation,
chargers (a rectifier with an accumulator battery and a direct current 220 V
switchboara), a stand-by breakdown-proof source and other equipment. The
converter station combined with a distribution substation houses has identi-
cal equipments the distribution substation. In addition, is extended by insta-
llation of a traction block feeding the traction facility. This block consists of
two traction transformers with converters and 825V DC switchboards.

Each transformer is, under standard operation, loaded at max. 50% rated
power. This means that in case of a breakdown of one of the transformers
(sections A and B) the functional transformer can assume the whole load
The power is then distributed from the distribution transformers to sub-distri-
bution boards for power distribution and illumination, and then to individual
electrical facilities.

The energy control centre is located in the Urban Mass Transit Central
Control building in Na Bojisti street. The state of traction converter stations
and distribution substations is remotely controlled from this place and sig-
nalled back. In addition, the supply of electrical energy is controlled from
the energy control centre.

Hlumination of the metro stations has experienced a significant development
since the first operated sections, both in terms of the luminaires used and
placement of cable feeders. Currently joint bearers of luminaires are used
for illumination of platforms and escalator tunnels.

llumination installed in the metro is divided into the main, orientation and
emergency-purpose groups.
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ULOHA A FUNKCE TELEVIZNiHO A RADIOVEHO
ZARIZENi V PODZEMNI DOPRAVNi STAVBE

THE ROLE AND FUNCTION OF TELEVISION
AND WIRELESS FACILITIES
IN AN UNDERGROUND STRUCTURE

ING. VLASTA BOLOMOVA, METROPROJEKT Praha, a. s.

1. PRUMYSLOVA TELEVIZE PRO BEZPECNOST
CESTUJICICH V METRU A PRO PLYNULOST
PROVOZU

V kazdé stanici metra je instalovano zafizeni primyslové televize. Jeho
Ukolem je sledovat pohyb cestujicich v prostorach metra, a to nejen pro
potfeby fizeni provozu metra, ale i z hlediska bezpecnosti cestujicich,
Z&kladem instalovaného systému jsou kamery sledujici vystup a ngstup ces-
tujicich do souprav metra po celé délce nastupisté u obou kolejl. Jejich
obraz je pfend$en na piehledové monitory umisténé na nastupidti v zorném
Uhlu strojvedouciho vlaku. Strojvedouci je tak informovéan o pohybu cestu-
jicich podél celého vlaku a ma moZnost pfedejit Urazu cestujictho pfi
pfed¢asném uzavfeni dvefi soupravy a - nedej boze, pfi vle¢eni osoby
vlakem metra.

Stejnd obrazova informace je také pfendsena na pracovisté vliakového dis-
pedéera v Centralnim dispecinku MHD v ulici Na bojiéti v Praze 2.

Daldi kamery sleduji pohyb cestujicich po eskalatorech, a to zejména na
jejich nastupnich plochach, kde je nejvétsim rizikem pad skupiny cestujicich
vyvolany dominovym efektem. Jedna kamera snimd prehledny z&bér celého
stfedniho prostoru eskalatorového tunelu.

Tyto z&béry jsou nutné pro sledovani bezpe&ného pohybu cestujicich po
eskalatorech, Obraz téchto kamer je pfendden na pracovisté prepravniho
manipulanta, ktery ma moznost fidit provoz eskaldtord podle momentalnf
situace s cilem zajistit jeho plynulost a pfedejit nebezpe&nému vyvoji. V pfi-
padé nutnosti, kdyZ néktery cestujici na eskalatorech upadne, je mozné tyto
eskalatory dalkové zastavit tlacitkem STOP.

Ve vestibulech a podchodech metra jsou umistovany skryté kamery, které
slouzi pro monitorovani bezpe&nostni situace, a to jak persondlem metra, tak
i policii. O aktudlni situaci v téchto prostorech je obrazem informovan
pfepravni manipulant dané stanice, ktery ma prostfedky pro okamzitou reak-
ci, a dispedink policie pro organizaci zasahu, je-li nezbytny, a pofizeni
videozaznamu pro piipadné dali policejni potfeby.

Zatizenf primyslové televize je ve stanicich metra instalovano jiz od zahdjeni
provozu metra. PoZadavky na toto zafizeni se v pribéhu let vyvijejf a stoupa-
ji naroky na kvalitu a rozsah poskytovanych informaci. Sou¢asné zafizeni
pfestava vyhovovat svymi parametry a moznostmi potfebam jak metra, tak
i policie. Rozhodnuti DP-M o postupné vyméné a doplfovani zafizeni
pramyslové televize ve véech citlivych mistech metra, a to nejen v placeném
prostoru, ale i v prostorech souvisejicich, na nastupidtich, vestibulech
a podchodech metra, zafizenim s vy$§i uZitnou hodnotou je logické.

Novym technickym i organizadné-provoznim opatfenim je chystané
instalovani kamer do jednotlivych vagénQ. Cilem je zvy$eni bezpe&nosti ces-
tujicich i pfi jizdé vlakem a lep$i ochrana majetku metra. Projekéni pfipravu
této rozsahlé akce zadal DP-M zku$ené projektové organizaci Metroprojekt
Praha, a. s., kter4 se touto ¢innostl na vysoké odborné Urovni zabyva jiz
tficaty rok.

2. RADIOVA SiT V METRU

Radiovy systém metra pokryva stanice metra radiovym signalem:

- v pasmu 400 Mhz (TSM 400) pro Ministerstvo vnitra CR; 5

- v pasmu 900 Mhz (TSM 900) pro operétory Eurotel, RadioMobil a Cesky
Mobil

1. CLOSE-CIRCUIT TELEVISION PROVIDING
SAFETY OF PASSENGERS IN THE METRO
AND FLUENT OPERATION

A close-circuit television facility is installed in each metro station. Its task is
to monitor movement of passengers inside the metro, not only for the metro
operational control purposes, but also for safety of passengers.

The system installed is based on cameras monitoring passengers getting in
and out of the metro trains along the whole length of a platform, at both
tracks. The image is transmitted to overview monitors installed on the plat-
form inside the train driver's looking angle. Thus the driver is informed about
the movement of passengers along the whole train length, and is able to pre-
vent an injury to a passenger caused by closing the train doors untimely
which may be, the Lord forbid, followed by dragging a person by the metro
frain.

Identical visual information is also transmitted to the working place of train
traffic controllers at the urban mass transit (UMT) control centre.

Other cameras monitor the movement of passengers along escalators, pri-
marily at the areas where they get on, i.e. the locations where the highest
risk is a group falling due to the domino effect. One camera takes an overall
view of the central space of the escalator tunnel.

Those views are necessary for monitoring of a safe movement of passengers
along escalators. The image taken by those cameras are transmitted to the
working place of a traffic operator, who can control the operation of escala-
tors according to a momentary situation, with the goal of ensuring its fluency
and prevention of a dangerous development of events. In case of emer-
gency, if a passenger falls down on an escalator, the escalator can be
stopped remotely by depressing a STOP button.

In ticket halls and the metro underpasses, there are hidden cameras
installed, which are used for monitoring of the safety situation by both the
metro staff and the police. The visual information on the current situation in
those spaces is given to the traffic operator of the respective station, who
has the means available for an immediate reaction, and to the police control
centre for organisation of an action if it is necessary. The police also provide
a video record for further police use, if needed.

The closed-circuit television system has been in service in the metro stations
since the commencement of the metro operation. Requirements on this facil-
ity have been developing, and demands on quality and scope of the provid-
ed information rising in the course of passing years. The parameters of the
existing equipment become unsatisfactory for the needs of both the metro
and the police. The DP-M's (the Transport Company - Metro) decision to
replace gradually the closed-circuit television equipment with, and add an
equipment of a higher utility value at all sensitive locations of the metro, i.e.
not only in paid areas, but also in associated areas, at platforms, ticket halls
and metro underpasses, is logical.

A new technical and organisationally operational measure consists in the
installation of cameras into individual train carriages being under prepara-
tion. The objective of this measure is to enhance the safety of passengers
even during their travels on the train and to improve the protection of the
metro property. DP-M placed the order for preparation of the design for this
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Obr. 1 Monitory sledujici provoz ve stanici metra, umisténé v mistnosti pfepravniho manipulanta
Fig. 1 Monitors observing the traffic in a metro station, located in traffic operator's room

wide-ranging action with Metroprojekt Praha a.s., which has been dealing
with this activity for thirty years.

2. WIRELESS NETWORK IN THE METRO

The metro system of the wireless covers the metro stations with radio signal:
- within a range of 400Mhz (TSM 400) for the Ministry of the Interior of the CR
- within a range of 900Mhz (TSM 900) for Eurotel, RadioMobil and Cesky
Mobil operators

Because of differing requirements, the TSM 400 and TSM 900 systems are
installed separately. Transmission of radio signals of the both frequency
ranges is provided in public circulation spaces

The 400-900Mhz metro wireless system consists of base stations for all serv-
ices, nodal technological stations housing converters converting h.f. signals
to optical transmission, optical fibres in the optical cables network, convert-
ers converting optical signals to high frequency signals in individual metro
stations, bilateral amplifier units, and aerial systems radiating signals of

Obr. 2 Kamera umisténg ve stiedni lodi nastupisté GSM Eurotel, RadioMobil, Cesky Mobil networks and a wireless network of
Fig. 2 A camera installed at a central platform bay the MV CR-TETRAPOL (PEGAS) network.
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Obr. 3 Schéma rozmistnéni kamer
Fig. 3 Scheme of camera distribution
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Obr. 4 Kamery sledujici provoz na nastupisti
Fig. 4 Cameras monitoring the traffic at a platform

Pro rozdilné pozadavky jsou budovany systémy TSM 400 a TSM 900 od-
délené. Siteni radiovych signall obou frekvenénich pasem je zajistovano
v téch prostorech metra, které jsou piistupné vefejnosti
Radiovy systém metra 400 — 900 Mhz je tvofen zakladnovymi stanicemi
viech sluzeb s pfevodniky vf signall na opticky pfenos v uzlové technolo-
gickeé stanici, optickymi vlakny z rozvodu optickych kabeld, pfevodniky
optickych signall na signdly vysokofrekvenéni v jednotlivych stanicich
metra, obousmérnymi zesilovaci - jednotkami a anténnimi systémy, které
vyzafuji v urgenych prostorech metra signaly siti GSM Eurotel, RadioMobil,
Cesky Mobil a radiové sit¢ MV CR-TETRAPOL (PEGAS).
Systém zahrnuje nasledujici sluzby:
- radiovy systém TSM 400: provozovatel MV CR, sluzba TETRAPOL-PEGAS,
pasmo 400 Mhz;
- radiovy systém TSM 900: provozovatel Eurotel, sluzba GLOBAL,

pasmo 900 Mhz;

provozovatel RadioMobil, sluzba PEGAS, pasmo 900 Mhz;

provozovatel Cesky Mobil, sluzba OSKAR, pasmo 900 Mhz.
Stav dnesniho pokryti radiovym signalem je:
- trasa A: cela trasa;
- trasa B: postupné celd trasa;
- trasa C: postupné cela trasa.
Hlavni &4sti systému jsou zakladnové radiostanice vech sluZeb umisténé
v Centralnim dispecinku Na bojisti, Praha 2. Signaly vech vf kanalG daného
frekvenéniho pasma jsou sdruzeny do jediného vf signalu a poté pfevedeny
na opticky signal. Ten je pienden optickym kabelem do podfizenych za-
kladnovych radiostanic v jednotlivych stanicich metra. Pro pfenos do jed-
notlivych stanic metra jsou potfebna opticka vldkna vyélenéna v kabelech
firmy Pragonet.
V kazdé stanici metra jsou optické signaly jednotlivych frekvengnich pasem
pfevedeny zpét na vf signdl a zesileny na potfebnou Uroveri. Vf signdly jed-
notlivych pasem jsou sdruZeny do jediného vf signalu a zavedeny do antén-
niho systému.
Rozvody kabeld a anténni systémy jsou vybudovany pro oddélend
frekvenéni pasma 400 a 900 Mhz. Rozvod optické sité z centraini stanice
v Centralnim dispecinku je feSen tak, aby ve v8ech za&kladnovych stanicich
pfipojenych na jedno viakno byla pfiblizné stejna Groveri signélu. Opticka sit
je navrzena tak, aby parametry pfenosu byly co nejlepsi - pouziva se mo-
derni ukoncenf optickymi konektory, spoje jsou svafované.
Zakladnové radiostanice, které jsou v jednotlivych stanicich metra v sa-
mostatnych sdélovacich mistnostech (tato sdélovaci mistnost sdruZuje
v8echna sdélovaci zafizenf stanice metra), obsahuji zejména optopfevod-
niky, vykonné zesilovace a duplexer, oddélujici vystup zesilovace do antén-
niho systému stanice a vystup do optické sité.
Anténni systém v jednotlivych stanicich metra se sklada z viastnich antén
a rozvodu koaxialnich kabeld a lisf se podle dispoziéniho uspofadani stanice
metra.
V zajmu spolehlivosti provozu jsou radiozafizenf v jednotlivych stanicich
metra i zafizenf v Centralnim dispecinku napajena z bezvypadkového zdroje
metra. Pro pieklenut! nahodnych kratkodobych vypadkd sité (napfi. pfi
pfepinani napajeni) jsou ke kazdému zafizenf instalovany zdroje UPS.

The system covers following services:
- the TSM 400 wireless system: operated by the MV CR, serviced

by TETRAPOL-PEGAS, the 400Mhz range
- the TSM 900 wireless system: operated by Eurotel, serviced

by GLOBAL, the 900Mhz range; ’

operated by Radiomobil, serviced by PEGAS, the 900Mhz range;

operated by Cesky Mobil, serviced by OSKAR, the 900Mhz range.
The current state of the wireless signal coverage:
- the line A: the whole line
- the line B: progressively the whole line
- the line C: progressively the whole line
The main part of the system consists in the base wireless stations of all serv-
ices installed in the Control Center building in Na Bojisti street, Prague 2.
Signals of all h.f. channels of a particular frequency range are joined into a
single hf signal and then converted into an optical signal. This signal is
transmitted by an optical cable to base substations located in individual
metro stations. Optical fibres needed for the transmission to the individual
melro stations are set aside in cables owned by the Pragonet company.
The optical signals of the particular frequency ranges are re-converted to
the hf signal in each metro station, and introduced into the aerial system.
The cable distribution and aerial systems are developed for separated fre-
quency ranges of 400 and 900Mhz. The optical network distribution from the
central station at the Central Control building is designed so that an approx-
imately equal level of the signal is at all base stations connected to a partic-
ular fibre. The optical network is designed so that the transmission parame-
ters are as good as possible. A state-of-the-art termination by means of opti-
cal connectors and welded joints are utilised,
The base wireless stations, which are installed in individual stations in sepa-
rated communication rooms (such a communication room joins all communi-
cation equipment of a metro station) house optical converiers, powerful
amplifiers and a duplexer separating the amplifier output into the station
aerial system from the output into the optical network.
The aerial system in individual metro stations consists of aerials and a coax-
ial cable distribution. The systems differ depending on the layout of the
metro stations.
For the sake of the operational safety, the wireless facilities found in individ-
ual metro stations and facilities at the Central Control are fed from a failure-
proof source of the metro. To cope with accidental short-term failures of the
network, e.g. during switching of the feeding), UPS sources are installed at
each facility.

Obr. 5 Piiklad umisténi antény na nastupisti
Fig. 5 An example of installation of an aerial at a platform
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PODZEMNi STAVBY A ZDRAVOTNE POSTIZENI

UNDERGROUND CONSTRUCTIONS
AND THE DISABLED

) PETR LNENICKA, METROPROJEKT Praha, a. s.
A SUEDNOCENA ORGANIZACE NEVIDOMYCH A SLABOZRAKYCH / AND CZECH BLIND UNITED

Mnohé navrhované a realizované stavby jsou umistény pod terénem, v podzemi. | pro
tyto stavby je nutné zajistit jejich pfistupnost a uzivani osobami s omezenou schop-
nosti pohybu a orientace. O kleré stavby umistované v podzemi se pfedevsim jedna?
Pfevaznou vétsinou podzemnich staveb vyuZivanych i zdravotné postizenymi jsou
stavby dopravni a s dopravou souvisejici.

Pravé dopravni stavby jsou pro tuto skupinu uzivateli mimofadné dilezité. Prog?
Jednou ze zakladnich potfeb kazdého z nas je moZnost vyuzivat dopravu, schopnost
pfepravit se z jednoho mista na misto jiné. DGvody pro pouzivani dopravy, individual-
ni nebo hromadné, mohou byt velmi rGzné. Cesta dopravnimi prostiedky vede za
vzdélanim, do zaméstnani, za zdravotnl pégl, kulturou, sportem, do pfirody, k pia-
teldm i jinam. Potfeba vyuZivat dopravy je stejnd pro vSechny, at u? se jedna
0 0soby bez zdravotniho postiZeni a omezenl, nebo o ty, kiefl pohybova a smyslova
postizeni a poruchy maji. Tento problém je nutné vidét a vnimal z obou stran. Na
jedné strané jsou moznosti v feseni dopravnich staveb, dopravnich prostiedkd a sys-
tém0, moznosti dopravel i organizétord dopravy, na druhé strané jsou potreby
a pozadavky této nikoli zanedbatelné skupiny cestujicich

Uvodem je nutné zminit obecnou rovinu problému. Postaveni obéanti se zdravotnim
postizenim ma ve spole&nosti dvé zakladni urovné - socidlni a integra&ni. Uroven
socialni predstavuje systém socialnich opatfeni (diichody, davky, pfispévky) pro tyto
obc¢any, ktery jim zajistuje nejen zakladni existencni podminky, ale i kompenzuje
zvy8ené zivotnf naklady, které souvisejf s jejich zdravotnim postizenim. Druh4 droveil
- integraéni, znamend plné zapojeni ob¢and se zdravotnim postiZzenim do vech
oblasti Zivota (souvisi s moznosti naplfiovani ob¢anskych a lidskych prav) - jde
zejména o zapojeni v oblastech spoleCenskych a kulturnich aktivit, vzdélavani,
zaméstnavani a daldich,

Zé&kladnim pravem kazdého obcana je pravo na svobodny pohyb, které je pak pfede-
véim u obganl se zdravotnim postizenim Uzce spjato s potiebou vyuzivani véech
druhli vefejné, zejména hromadné dopravy. Problematika bezbariérové pfistupnosti
a uzivani vefejné hromadné dopravy osobami s omezenou schopnost/ pohybu a ori-
entace patfi mezi Ukoly. které byly zpracovany v programu vlady pro zdravoiné
postizené. Tento vladni program byl souhrnné nazvan Narodnim planem opatfeni pro
snizeni negativnich dasledki zdravotntho postizenf a je od doby svého vzniku, roku
1993, pribézné aktualizovan. MoZnost pouZivéni vefejné dopravy je velmi Gasto
rozhodujici pro socidlni rehabilitaci osob se zdravotnim postizenim a jejich reélné
zatlenéni do Zivota, do spoleénosti

Pro spravné pochopeni mimofadného vyznamu piistupnosti a uzivani dopravy osoba-
mi s omezenou schopnosti pohybu a orientace je vhodné si uvédomit, Ze se jedna
o problém v nékolika rovindch. Zakladni rovinou Je jisté pravni a psychosocialni
aspekt zaclenéni zdravotné postiZzenych do spoleénosti. Druhym, rozhodné nezaned-
batelnym, faktem jsou i ekonomicko- socidlni faktory zvy$ovani podtu sobéstaénych
lidi ve spoleCnosti. Vechny socidlné statistické prognézy totiz jasné ukazuji, Ze tento
krok je nezbytny a bez néj se véechny vyspélé zemé mohou dostat beéhem pfistich
dvaceti az fficeti let do fakticky nefeSitelné ekonomické a sociélni situace. Bez
zvétSovani pollu samostatnych a sobéstacnych lidi s omezenou schopnosti pohybu
a orientace se miZe stat, Ze potfeby sluzeb pro tyto lidi (napiiklad asistentsk4 sluz-
ba, nutnost socialn péce) budou pfevySovat moznosti spoleénosti. Dalsi rovinou, ve
kieré se v dané problematice pohybujeme, je i efektivnost vynakladanych prostfedkl
na socidlni rehabilitaci. Ty jsou UCelné vynaloZené jen tehdy, mize-li zdravotné
postiZeny v8eho, co se v jejim pribéhu nautil, skute¢né pouZivat v dennim Zivote.
Aby tomu tak bylo, musi mit zdravotné postizeny schopnost a moznost se pfemistovat
z mista na misto, vyuZivat dopravy. Nezbytnou podminkou pro to je vhodné feseni ¢i
dodate¢né Upravy dopravnich cest, pofizovani bezbariérovych nebo doplfiovéni exis-
tujicich dopravnich prostfedki.

Zakladem bezbariérové dopravy je pfistupnost a uzivani dopravnich prostiedkl
i dopravnich cest. Pro jednotlivé zakladni skupiny zdravotné postizenych uZivatell
dopravy se pozadavky na tuto pfistupnost a uzivani zasadné odlisuji. Jiné jsou pro
lidi s pohybovymi postizenimi a omezenimi, jiné u osob se smyslovymi poruchami
zraku a je§té jiné pro uzivatele dopravy se sluchovymi nedostate¢nostmi a porucha-
mi. PoZadavky a potfeby prvych dvou skupin v dopravé jsou dominantni, potfeby slu-

Many of the projected and realized structures are located beneath the sur-
face, in the underground. Even for these structures, it is essential to ensure
their accessibility and usage for persons with limited mobility and orientation
ability. Which structures located underground are mainly referred to? By
clear majority, underground transporlt-related structures and those associat-
ed with transportation are the ones to be used by the disabled the most
Exactly the transport-related structures are of extraordinary importance for
this group of users. Why? One of our basic needs is the ability to use trans-
portation, the ability to travel from one place to another. Reasons for using
transportation, individual or mass, can be very different. A journey using
means of transport heads for education, work, healthcare, culture, sports,
friends or elsewhere. The need lo use transportation is the same for every-
one, being it persons without any health disadvantages or limitations, or per-
sons with impaired mobility or senses. It is necessary to look at and perceive
this problem from both sides of the coin. On one side, there are possibilities
in solutions of the underground structures, transportation mediums and sys-
tems, options of the transporters and transportation organizers. On the other
side, there are needs and requirements of this not neglectable group of pas-
sengers.

Within the introduction, the general level of the problem has to be stated
The status of disabled citizens has two basic levels within the society, social
and that of integration. The social level is represented by a system of social
welfare (pensions, allowances, contributions) for these citizens. This system
not only ensures their basic existential conditions, but also compensates the
increased life expenses, increased due to their disability. The other level,
the issue of integration, means a full participation of the disabled citizens in
all fields of life (coheres with the possibility to exploit civil and human
rights). It mostly deals with involvement in the fields of social and cultural
activities, education, employment or other

Each citizen has a basic right of free movement, which is then, especially for
the disabled persons, closely coherent with the need to use all kinds of pub-
lic, mostly mass, transportation. The solution of problems of barrier-free
accessibility and usage of the mass public transportation by the persons
with limited mobility and orientation ability is one of the tasks, which have
been elaborated within the governmental program for the disabled. This gov-
ernmental program has been globally named the National plan of measures
for reduction of negative effects of disability, and it has been continuously
updated since its formation in 1993. The possibility of usage of the public
transportation is often crucial in social rehabilitation of disabled persons and
their practical integration into the life, into the society

For proper understanding of the extraordinary importance of accessibility
and usage of transportation by persons with limited mobility and orientation
ability, it is convenient to become aware of the fact that the problem has sev-
eral levels. The legal and psychosocial aspect of integration of the disabled
into society forms the ground level. Economic and social factors of the
increasing number of the self-contained persons within the society represent
the second, definitely not neglectable, fact. Simply, all of the socially statis-
tic prognoses clearly show that this step is essential and without it, all of the
developed countries can end up in a practically insolvable economic and
social situation within the next twenty or thirty years. Without the increase in
the number of the independent and self-contained persons with limited
mobility and orientation ability, it could happen that needs for services for
these persons (for instance assistance service, need for social care) will
exceed the potentials of society. Another level, at which we operate when we
solve these problems, is the effectiveness of expenses spent on the social
rehabilitation. These are meaningfully spent only if the disabled person is
able to really routinely use everything what he or she has learned during the
rehabilitation. To be so, the disabled person has to have the ability and pos-
sibility to travel from place to place, use the transportation. Suitable solu-
tions or additional adjustments of traffic routes, implementation of barrier-
free or complementation of current means of transport are the essential con-
ditions.

The basic element of barrier-free traffic lies in accessibility and usage of
traffic routes and means of transport. For individual basic groups of the dis-
abled transportation users, the requirements on accessibility and usage dif-
fer significantly, persons with impaired mobility have different requirements
than persons with impaired vision, and requirements of transportation users
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chové postizenych jsou z hlediska Upravy prostiedi | dopravnich prostiedkd miniméal-
ni; pfedev8im proto, Ze nade civilizace je vyrazné vizualng orientovana. Proto i tento
glanek, ktery se bude zabyvat Upravami a takovym provedsnim podzemnich staveb,
zejména dopravnich, aby byly pfistupné viem, tedy i zdravotné postizenym, bude
respektovat vyse uvedenad specifika jednotlivych postizeni

Které podzemni slavby je lfeba zminit? Predevsim je to pateini dopravni systém
velkych mést, podzemni draha a dale podzemnf stavby, kieré zajidtuji bezkolizni
pohyb zejmena pésich — podchody. U nich se véak jedna o podobnou situaci, kterou
u podzemnf drahy - metra zndme z podzemnich vestibulli a vystup( ze stanic,
Zpotatku si v8imneme problému pohybové postizenych. Pro né je nejdllezitgjsi
piekonavani vyskovych rozdili v pristupu do véech vefejnosti pfistupnych Casli
podzemni drahy - metra. Vrcholové uréend koncepce praZského metra ve svych
pogateich s pohybové postizenymi, pfedevsim s lidmi na voziku pro invalidy, nepoci-
tala. Piistup do stanic metra vCetné podchodl a vestibulG byl pouze pevnymi
schodisli a eskalatory. Ani v socidlnich zaffzenich na metru nebylo s témito uzivateli
poéitano. Zlomem v piistupu byla hloubend stanice Skalka na trase A. Tady se poprvé
objevily pohybové postizenym piistupné a uzivatelné WC, pfistupny podchod a sna-
hou projektantd bylo v ramei moznost! zajistit i pfistup na nastupiété tim, ze vytah
(zatim v8ak, Zel, jen nékladni, ktery potebuje skolenou obsluhu) se co nejvice pii-
blizil vefejnému nastupisti. Uplné bezbariérovou se pro pohybové postizené stala az
trasa V.B se stanicemi Hlrka, Luka, LuZiny, Stodilky a Zli¢in. Zde byly poprvé pro
pristup do stanice pouzity osobni vytahy, které spojuji povrch s nastupistém. Zcela
bezbariérovd je i trasa, klerd po trase V.B nasledovala, a to |V.B se stanicemi
Vysotanska, Hloubétin, Rajské zahrada, Cerny most a v soudasné dobé dokonco-
vanou stanici Kolbenova (dfive CKD)

Zistala véak otazka, co s bezbariérovou pfistupnost! jiz dfive realizovanych stanic?
Do nékterych stanic byl ve spolupraci Metroprojektu, Dopravniho podniku a InZe-
nyringu dopravnich staveb dodate¢né navrzen a realizovan osobni vytah. Jde napfi-
klad o stanice Muzeum na trase C, Dejvicka na trase A. Stejné tak jsou pribézné pfi
rekonstrukcich upravovany vefejné WC v podchodech a vestibulech. V letodnim roce
se pfedpokladd vyména nakladniho vytahu za osobondkladni na stanici Pankrac
a Skalka. Dopravni podnik provizorné fedi pfistup osob na voziku pro invalidy do
stanic metra tim, Ze lze s doprovodem vyuZivat i ndkladni vytahy, feSeni v8ak prinasf
mnoho technickoorganizagnich problémd a je skute&né jen provizoriem

Snaha Dopravnihc podniku o systémové feSeni vedla k zadani studie bezbariérové
pfistupnosti provozovanych stanic metra. Studii zpracoval Metroprojekt a za zminku
v ni stoji pfedevsim novy prvek, ktery by (pokud se v praxi osvédgi) mohl zpfistupnit
mélce zaloZené stanice metra. Jde o $ikmou schoditovou ploginu nové generace
(s konstrukénimi a bezpec€nostnimi parametry fakticky odpovidajicimi vytahim)

i Fapp—
- -
= 1 - -

Obr. ¢. 1. a 2 Sikma schoditova plogina
Fig. 1 and 2 Inclined staircase platform

with impaired hearing are again different. Demands and needs of the first
two groups prevail among the transportation issues. The needs of persons
with impaired hearing for modification of the environment and the means of
transport are minimal, mostly because our civilization is significantly visually
oriented. Therefore also this article, which will.be dealing with modifications
and such a design of underground structures, especially transport-related
ones, which make them accessible to everyone, including the disabled, will
take into consideration the aforementioned specifics of the individual forms
of disabilities.

Which underground structures are to be mentioned? Before all it is the spinal
traffic mode in large cities, subway and other underground structures, which
ensure collision-free movement, especially of pedestrians, i.e. underpasses
Although, these represent a situation similar to that one we are familiar with
at the subway, i.e. underground vestibules and station exits

At the beginning, we will look at the problem of persons with impaired mobil-
ity. As for them, it is most important to get over the elevation differences in
accesses into all public sections of the subway. The main designed concept
of the Prague subway did not, in its beginning, count with the passengers
with impaired mobility, especially with wheelchair users. The access into
subway stations, including underpasses and vestibules, was ensured solely
by solid staircases and escalators. Even concerning the changing rooms in
the subway, these users were not taken into consideration. The cut-and-
cover station Skaltka on the A line was a breakthrough. Usable, and for per-
sons with impaired mobility accessible, toilets and an accessible underpass
appeared here for the first time. It was also the effort of designers to pro-
vide, within the given limits of possibilities, even an access to the platform.
Therefore, the elevator (unfortunately, it was a freight one only, which need-
ed trained operator) got to the public platform as close as possible, The V. B
line section with stations Hirka, Luka, LuZiny, Stodtlky and Zli¢in was finally
the one to become absolutely barrier-free for the passengers with impaired
mobility. Here, personal elevators, which connect platforms with the surface,
have been used for access to the station for the first time. The VI. B line sec-
tion, which followed after V. B, with the stations Vysocanska, Hioubégtin,
Rajska Zahrada, Cerny Most and, currently before completion, Kolbenova
(former CKD), is also completely barrier-free

However, the question of barrier-free accessibility of the previously realized
statfons has remained. Within some stations, under the cooperation of
Metroprojekt, the Transportation Company and Engineering of the transport-
related structures, a personal elevator was designed and realized subse-
quently. For instance this concerns the stations Muzeum on the C line or
Dejvicka on the A line. In the same way, public toilets in underpasses and
vestibules are rebuilt on the occasions of reconstruction. As for this year, the
replacement of freight elevators at the stations Pankrdc and Skalka with per-
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pojizdénou po samostatné, oddélené dréze. Tato plodina véetné drahy by byla
instalovana bud na pevném schodisti, i v prostoru vzniklém pfi provadéné vyméné
kratkych (do 7 m dopravni vy3ky) eskalatord za eskalatory nové generace. Fotografie
plosiny a zakladni rozméry jsou na obrazku ¢. 1a 2.

Zcela jina situace je ve zpfistupnéni metra pro zrakové postizené, Zatimco feseni
pfistupnosti pro pohybové postizené se mohlo opirat o obecné znamé prvky, pro ne-
vidomé bylo nutné mnohé fesit od zagatku, a to proto, Ze v jinych zemich neni tato
zélezitost systémové a systematicky feSena. To se tykd pfedevsim akustického
vedeni a informaci véetné jejich déalkového ovladani

Akusticke vedeni a informace vcetné dalkového ovlddani predstavuji systémovy
a systematicky otevieny celek redici pfistupnost a uZivani staveb (pfedevsim
dopravnich) i dopravnich prostfedki. Schéma akustického vedeni a feseni akustic-
kych informaci je na obrazcich ¢.3 a 4.

Zatimco pfistupnost a uzivani podzemnich staveb pro pohybové postizené znamena
predevsim pfekondvani fyzickych bariér, problémem nevidomych a slabozrakych
v téchto stavbach je pfedev$im jednoznaénd orientace s dostatednym mnozstvim
informaci ziskdvanych predevéim kontaktnim zplsobem, a to technikou dlouhé bilé
hole. Dopliikové, ale pfesto velmi dilezité, jsou i informace akustické.

Podrobnégji se nejprve budeme vénovat hmatnym prvkim zajistujicim pfistupnost
a uzivani metra zrakové postizenym. Mimofadné ddleZita je bezpednost téchto uzi-
vatelll na nastupisti, zejména na jeho hrané. Proto jiz na trase V.B je Metro-
projektem navrzen hmatny pruh oddglujici bezpeénostni pas od ostatnich &asti né-
stupisté a na této trase se také objevuji v dlazbé vybrousené vodici linie, které propo-
juji nastupidté s vestibulem &i bezprostiednim okolim stanice. Uveden4 opatient se
stala jiz standardem, a proto je Ize nalézt i na stanicich trasy IV.B. Zde je dobré
pfipomenout, Ze vybrou$ené vodici linie pro nevidomé jsou mimofadnym opatienim,
a proto je Ize nalézt jen na vybranych stanicich metra, nikoli cbecné. Tento prvek byl
dodate¢né realizovan i na provozovanych stanicich. Na prvnich, pfestupnich sta-
nicich Muzeum C a Florenc C, byl Metroprojektem sponzorovan jejich navrh a spon-
zorsky byla fedena i realizace. Na dal3ich provozovanych stanicich (Dejvicka, |. P.
Pavlova, Palmovka) je toto opatieni béZnou soudasti planovanych rekonstrukei
a dprav. Novym prvkem na metru, ktery fedi dostateénou hmatnost a vizualni kontrast

1 - Vysilatka kapesni provedeni
1 - Pocket transiever

2 - Vysilatka v drzadle
slepecké hole

2 - Pocket transevier
of handle of blind's bar

3 - Piijima¢ na objektu
3 - Reciever on object

4 - Akusticky majacek navadéci
4 - Acusockel transevier

5 - Prijima¢ na vozidle
5 - Reciever on car

6 - Akusticka hlaseni vozidla

6 - Acustical show on the car
7 - Ridici potitaé vozidia

7 - Computer on the car board

Ptiklady akustigkéhg veczenl’

na objektu, budové, \v podchodu.
Tén ¢asto doplnény|akustickou
frazi vede ke-vstupu ke-schodisti.
Hiageni gisla linky ajsmeru vede
K prvnim dvefirr k nkslu?u

Examples of the acoustic
guidance in a structure

or underpass.

The sound often complemented
by an acoustic phrase, guides
fo the entrance to the stairs.
The announcement on the line
number and direction quides

to the first entrance door.

Obr. 3 a4 Akustické vedeni a akusticka informace, zakladni schémata

Fig. 3 and 4 Acoustic guidance and acoustic information, basic schemes

sonalffreight ones is expected. The Transportation Company solves the
access of wheelchair users into subway stations provisionally by allowing a
use of some freight elevators by persons attending the disabled. This solu-
tion, however, brings many technical-organizational problems and thus is
really temporary only

The effort of Transportation Company for a system solution has led to order-
ing a study of barrier-free accessibility of operating subway stations. The
study was elaborated by Metroprojekt, and especially one element, which
would (if proved competent in practice) make the shallowly located subway
stations accessible, is worth mentioning. And thus inclined staircase plat-
form of new generation (with structural and safety parameters practically
corresponding to elevators), moving along independent, separated track.
This platform, including the track, would be installed either on the solid stair-
case or in the area, originating as a result of replacement of short, i.e. up to
7 m of transportation height, escalators with escalators of new generation,
Photo of the platform and its basic measures are in fig. 1 and 2.

Absolutely different situation prevails in accessibility of the subway for visu-
ally impaired passengers. While the solution of accessibility for passengers
with impaired mobility could rely on generally known elements, for the visu-
ally impaired passengers it was necessary to solve the issue from the very
beginning because other countries have not solved it as a system or in a
systematic way. This concerns especially acoustic guidance and informa-
tion, including their remote control,

Acoustic guidance and information, including their remote control, represent
a system and systematic opened complex, solving the accessibility and
usage of structures (mostly transportation ones) and means of transport. The
scheme of acoustic guidance and solution of acoustic information is in fig. 3
and 4.

While the accessibility and usage of underground structures mostly means
for passengers with impaired mobility the possibility of surpassing physical
barriers, problem of the visually impaired passengers is mostly an explicit
orientation with sufficient amount of information, mostly acquired by means
of a physical contact, using the technique of a long white stick. The acoustic
information is additional, but still of great importance,

Firstly into detail, we will turn to tactile elements ensuring accessibility and
usage of subway for the visually impaired. Security of these users on the
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pruhu oddélujiciho bezpeénostni pas od néstupisté, je Metroprojektem a firmou
Coming vyvinuty hmatny prvek z umélého kamene. Tolo nové FeSeni pfi hrané
nastupisté je dlouhodobé zkouSeno na stanici metra Malostranska, obrazek &. 5
ab.

Drobnym, ale pfesto dlleZitym, prvkem je hmatné vyzna&eni pfekazek v metru, jako
piklad je zde zobrazeno hmatné vyznaceni informa¢nich stojan(i na stanici melra
Vyso¢anskd na trase B, obrazek ¢. 7.

Akustické vedeni a informace ve stavbach, zejména dopravnich, zajistuji dalkové
ovladané majacky, které maji néktery z vyhrazenych toni, ¢asto dopinény o hlasovou
frazi. Prikladem takovychto majackd jsou dvoufrazové majacky u vstupni proskiené
stény do metra.

Zcela ojedinélym prvkem, kiery byl realizovan ve spolupraci Metroprojektu a Sjed-
nocené organizace nevidomych a slabozrakych, je akusticka, dalkové spousténa
informace o chodu eskalatord, obr. ¢. 8. Dnes je vy$e zminéné opatieni béZné reali-
zovano na rekonstruovanych stanicich metra anebo pfi vyméndch eskalator(.
Informace z fidici jednotky eskalatori (SAIA) jsou pfes interface pfevedeny do pfi-
slusné hlasové fraze majacku.

Trvalou spolupraci Metroprojektu, Dopravniho podniku - odstépny zavod Metro
a Sjednocené organizace nevidomych a slabozrakych je systém akustického vedeni
a informaci v podzemni stavbé — metru dale rozvijen a rozifovan.

Pro zlep$eni podminek pro uzivani patefniho dopravniho systému — metra s pfevazné
podzemnimi stanicemi byl pro sluchové postizené navrZen a realizovan vicet¢elovy
informacni panel pfi vstupu do metra, ktery opticky informuje zejména o mimofadnych
provoznich stavech a situacich.

V zavéru chceme jesté upozornit na nékteré souvislosti dileZité pro uZivani a pii-
stupnost podzemnich staveb (zejména staveb s dopravni funkcf) zdravotné posti-
zenymi.

Jde pfedevsim o feSeni povrchovych staveb véetné komunikaci, ploch a staveb povr-
chové hromadné dopravy tak, aby mohly slouZit i osobadm s omezenou schopnosti
pohybu a orientace. Pro pohybové postizené jsou dlezité predev§im Gpravy pfe-
chodu a nastupnich ostrlivkd povrchové dopravy, obrazek ¢. 9.

Nevidomym & slabozrakym pomahaji na vySe zminénych stavbach zejména hmatné
Upravy a prvky, obrazek ¢. 10, a akusticka signalizace na piechodech. | v této oblasti
trvale Metroprojekt spolupracuje s ob&anskymi sdruzenimi i jinymi institucemi, které
se danou problematikou zabyvaji.

Obr. 5 a 6 Nové ¥edenl hmatného pruhu oddélujiciho bezpednostni pas
na metru

Fig. 5 and 6 New solution of the tangible trail, separating the security
zone in subway

platform, and especially by the edge, is of exrraprdinqry r'mpor!a_nce.
Therefore already within the V. B line section, a tactile strips separating t
he salety zone from the other parts of platform, is designed by Melroprojekt.
Also within this line section, guidance Irails (grooves) cut into the pavement
by grinding appear, that connect the platform with the lickel hall or immedi-
ate neighborhood of the station. These measures have already become stan-
dard and therefore it is possible to find them even at the IV. B line section.
Here it is convenient to mention that the cut guidance strips for the visually
impaired are an extraordinary measure and therefore it is possible to find
those only at selected subway stations, not universally. This element has
been additionally realized also at the stations already in operation. At first of
those, transfer stations Muzeum "C" and Florenc "C", Metroprojekt sponsored
their design as well as realization. At other operating stations, (Dejvicka, I.P.
Pavlova, Palmovka), this measure is a common part of planned reconstruc-
tions and adjustments. A tactile element from artificial stone, developed by
Metroprojekt and the Coming company, is a new element in subway which
solves sufficient tactility and visual contrast of the trail that separates the
safety zone from the platform. This new solution by grooves along the plat-
form edge is going through long-term testing at the Malostranska station, fig.
5and 6.

Tangible signaling of obstacles in subway is a minor, but still important ele-
ment; tangible signaling of information stands at the Vysodansk4 station on
the B line, fig. 7, is here illusirated as an example.

Acoustic guidance information in structures, especially transportation ones,
is ensured by remotely controlled beacons, which have one of the designat-
ed tones, often complemented with a voice phrase. Examples of such bea-
cons are double-phrase beacons on glazed walls at entrances into the sub-
way.

Acoustic, remotely activated information about the operation of escalators,
fig. 8, is a very unique element, which was realized by Metroprojekt in coop-
eration with the Czech Blind United of the sightless and purblind. By today,
the aforementioned measure is commonly realized at reconstructed subway
stations or on replacements of escalators. Information from the escalators
controlling unit (SAIA) is transferred through the interface into the corre-
sponding voice phrase of the beacon.

System of acoustic guidance and information within the subway is being fur-
ther developed and extended, and thus under permanent cooperation of
Metroprojekt, the Transportation company - division Subway and the Czech
Blind United of the sightless and purblind.

In order to improve conditions for usage of the spinal transportation system -
the subway with predominantly underground stations for passengers with
impaired hearing, a multi-purpose information panel by the subway
entrances, which optically informs especially of extraordinary operation con-
ditions and situations, has been designed and realized

In the conclusion, we still want to mention certain coherences, important for
usage and accessibility of underground structures (especially those with a
function of transportation) by the disabled

It before all concerns solutions of surface structures, including roads, paved
areas and structures of the surface mass transportation, so that they can
serve even to persons with limited mobility and orientation ability.
Modifications to overpasses and surface traffic islands, fig. 9, are especially
important to people with impaired mobility.

Within the aforementioned structures, especially tangible modifications and
elements, fig. 10, and acoustic signaling at road crossings assist to the
sightless and purblind. Also in this field, Metroprojekt permanently coope-
rates with civic associations as well as other institutions, which deal with the
given problems.

Correct design of the means of transport is also an integral part of accessi-
bility of public transportation in both underground and surface transporta-

c ¥

Obr. 7 Hmatné vyznac&eni informaéniho stojanu na ndstupisti metra
Fig. 7 Tangible signaling of the information stand at subway platform
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Obr. 8 Akusticky majacek signalizujici chod eskalator(
Fig. 8 Acoustic beacon signaling a running escalator

Obr. 9 Dodate¢né provadéné bezbariérové Upravy na prechodu

pro chodce -

Fig. 9 Additionally performed barrier-free modifications of pedestrian
overpasses

Obr. 10 Hmatné upravy a fedeni akustické signalizace na pfechodu pro chodce
Fig. 10 Tactile modifications and solutions of the acoustic signaling at the road cross-walks

Obr. 11 a 12 Ridicl jednotka vozidla a akustické hlagenf vné vozidla ovladané nevidomym
Fig. 11 and 12 Vehicle controlling unit, acoustic signaling outside of the vehicle, controlled by the sightless

Nedilnou soucasti pfistupnosti vefejné dopravy v podzemnich i povrchovych
dopravnich stavbach pro zdravotné postizené je i spravné fedeni dopravnich
prostfedkl. Zmifujeme zde predevsim ojedinély systém akustickych, dalkové ovla-
danych informaci a samostatného nastupu do vozidel s tlaCitkovym ovladanim
otevirani a zavirdni dvefi realizovany na vozidlech méstské hromadné dopravy
v Praze, Usti nad Labem, Ceskych Budgjovicich, Brné. V piipravné fazi je zavedeni
tohoto systému i v jinych méstech. Spoluprace pfi zavadéni uvedeného systému je
dalsi aktivitou Metroprojektu pfi préci pro zdravotné postizené. Zafizeni a jeho insta-
lace na vozidlech méstské dopravy je na obrazku ¢. 12 a 13.

Pro vlaky metra neni tento systém ve své zakladni podobé vyuZitelny, ve spolupraci
Metroprojekt, DP - Metro a SONS je rozpracovana modifikace, ktera umozni
samostatny nastup a vystup nevidomych v novych vlacich metra, které budou
tlagitkové ovladani dvefi mit.

tion structures for the disabled. Here we mention especially the unique sys-
tem of acoustic, remotely controlled information and independent getting
into vehicles with button control of opening and closing doors, realized at
vehicles of urban mass transportation in Prague, Usti u/ Labe, Czech
Budweis and Brno. Implementation of this system in other cities is currently
in the phase of preparation. Cooperation in implementation of the mentioned
system is another Metroprojekt’s activity in the work for the disabled. The
device and its installation at vehicles of city transportation are in fig. 11
and 12.

As for the subway trains, this system in its basic form is not usable; in coop-
eration of Metroprojekt, TC - Subway and CBU, a modification is currently
being designed, which would allow the visually impaired passengers to get
on and off the new subway ltrains that would already be equipped with the
door button control.
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~ POHYBLIVE SCHODY A VYTAHY -
VYZNAMNA ZARIZENI PODZEMNICH STAVEB

ESCALATORS AND ELEVATORS -
IMPORTANT EQUIPMENT OF UNDERGROUND STRUCTURES

JAROSLAYV VIEULZOEUF, METROPROJEKT Praha, a. s.

Prakticky Zadna moderni podzemni stavba, kteréd se nachazi pod Grovni terénu,
se neobejde bez zafizenl, kleré zajidluje jeji rychlé a kapacitnl spojeni
s povrchem. Vyznam téchto zafizenf je zcela prvorady u staveb, které slouzi
k prepravé velkého mnozstvi osob, tedy pfedevsim staveb méstské hromadné
dopravy — podzemnich tramvaji, Zeleznic, rychlodrah a metra. Na pfikladu
prazskeho metra je mozné nejlépe ilustrovat tuto problematiku v celé jeji &ifi.
Metro je tvofeno systémem trafovych Usek( a stanic, pfevazné realizovanych
z tratovych a stani¢nich tuneld. Podle zku$enosti (ze zahranici) bylo i u nés
rozhodnuto instalovat pohyblivé schody pro vystup pasantd pfi rozdilu vyek
od 5 metrl a pro sestup pasantl pfi rozdilu vyéek od 7 metrl. Jsou ale
i vyjimky. Na pfiklad ve stanici Karlovo ndmésti jsou v pfistupovych chodbach
k ndstupisti nainstalovany z kapacitnich dlivodd dvé trojice pohyblivych
schodi na dopravni vysku H=3,8 metru, coz jsou nejkratsi pohyblivé schody na
prazském metru.
Roz8ifovani tras metra vyvolalo jejich mimouroviiové kiiZzeni. Dosud pfevazné
hloubené nebo povrchové stanice bylo nutné nahradit stanicemi raZzenymi.
K zajisténf kapacitnf pfepravy pasant do hloubéji zaloZenych stanic jsou rea-
lizovany opét tunely, a to pro instalaci pohyblivych schod( - eskalatorové tune-
ly. V naprosté vétSiné jsou eskalatorové tunely osazeny 3 kusy pohyblivych
schodl. Vyjimku tvofi ptestupni eskalatory ve stanici FLORENC a ve stanici
MUZEUM, kde jsou instalovany &tvefice pohyblivych schodu.
Eskalatorové tunely jsou funkéné, ale i fakticky podélné rozdéleny mezipodla-
hou. Horni ¢ast tvofi prostor pro pohyblivé schody a prostor pro cestujicl.
V dolni ¢asti eskalatorového tunelu jsou vedeny kabelové a trubni sité. Horni
¢ast eskalatorového tunelu kongi strojovnou pohyblivych schodl. Dolni ¢ast
eskalatorového tunelu konci napinaci stanici pohyblivych schodt
ZOd(lée charakteru umisténi se pohyblivé schody déli na staniéni a podcho-
ove.

Staniénl pohyblivé schody tvofi prevazné jediné vertikaini spojeni mezi na-
stupistém a vestibulem (Urovni uli¢ni).
Podchodové pohyblivé schody pfevazné spojuji Urover vestibulu (podchodu)
s Urovni uli¢nl.
Dale jsou odborniky orientacné pohyblivé schody jesté oznafovany jako
"dlouhé" a "kratké". Nazvy jsou odvozeny od dopravnich vydek, které pohyblivé
schody maji pfekonavat. Za "kratké" jsou povazovany pohyblivé schody pro
dopravni vysky do 15 metri, Za "dlouhé" potom pohyblivé schody pro dopravni
vysky nad 15 metrd, 'Dlouhé" pohyblive schody jsou pfevazné staniéni po-
hyblivé schody. "Kratké" pohyblivé schody jsou podchodové, ale i stanicni pro
dopravni vysky do 15 metrl. Podchodové pohyblivé schody jsou prevazné
instalovany soubé&zné s pevnym schodistém
Do 90. let bylo prazské metro osazovano vyhradné dvéma typy pohyblivych
schodd, Pro dopravni vysky do 15 metrd to byly pohyblivé schody od vyrobce
TRANSPORTA (CSSR) - PSTN, PSTV, coZ znaci kéd pro pohyblivé schody
tézké normaélnf, a tézké venkovni. Venkovni provedeni je s elektrickym
vytdpénim schodového pasma a ohfevem oleje v pfevodovce pohyblivych
schodl. U pohyblivyeh schod( PSTN a PSTV je ocelova konstrukece samono-
snd, u dopravnich vysek do 7 metrd bez mezilehlé podpaory. Pohyblivé schody
PSTN a PSTV pro dopravni vysky 7 — 15 metr( tvofi ocelova konstrukce
s mezilehlou podporou.
Pro pfekonani dopravnich vysek 15,2 metrd a vice byly instalovany pohyblivé
schody z SSSR - wyrobee Kotljakovo. Na prazském metru byly instalovany
celkem 4 typy pohyblivych schodl z SSSR. Byly to:

- LT3 prodopravni vyéky H = 25,2m - 45m

—-LT4 prodopravni vyéky H = 15,2m - 25m

- ET3 pro dopravni vysky H = 30,2m - 45m

- ET 4-P pro dopravnl vyéky H = 15,2m - 30m
Typy pohyblivych schodl LT 3 a LT 4 byly instalovany na 1. provoznim Useku
trasy metra A. Typy pohyblivych schodl ET 3 a ET4-P byly ¢aste¢né moderni-
zovany a instalovany byly od 2. provozniho Useku lrasy metra A,
| pfes &astednou inovaci si nékteré handicapy pohyblivé schody podrzely. Na
priklad vyplné balustrad byly i nadale z preklizky, coz bylo kritizovano z hle-
diska architektury, ale také, a to hlavné, z hlediska zaji&t&ni pozarni ochrany.
Zatatkem 90 let se zacalo uvaZoval o postupné rekonstrukci — vyméné po-
hyblivych schodl a to hlavné pohyblivych schodl typu LT 3 a LT 4 ve stanicich
1. provozniho useku trasy A. Hlavnim motivem bylo zajisténi bezpecnosti ces-
lujicich na téchlo pohyblivich schodech
Realizace vymény pohyblivych schodd byla od zacatku technickym pro-
blémem. Pivodni filozofii na Gdrzbu pohyblivich schodl (LT 3.a LT 4) byly jake
nejvy$sl stupen generdini opravy, to znamena vSechno na pohyblivych
schodech vyménit mimo ocelové konstrukce, ty mély zlistat nainstalované.
Proto po prvotni montazi pohyblivych schodd LT nehyl ve stavebni ¢asti
ponechan montézni (demontdzni) otvor. Pfesto bylo rozhodnuto a dnes se

Practically no modern underground structure which is found under the ground surface
can exist without equipment which ensures a fast connection with the surface level with
sufficient capacity. The importance of this equipment is paramount for structures which
serve the transport of a large quantum of persons, the structures for mass traffic above
all, i.e. underground trams, railroads, expressways and melro. This issue can be besl
illustrated in all its width on the example of the Prague Metro.
The Metro is formed by a system of track sections and stations, mostly consisting of
running and station tunnels. Based on experience (foreign), it was decided even for our
conditions to install escalators for ascent of passengers from the underground if the dif-
ference in levels is over bm, and for their descent if the difference in the levels is over
7m. Although, exceplions exist. For example, at the Karlovo Namesti station, two
triplets of escalators are installed in access galleries to the platform with a transporting
height H=3.8m. They are the shortest escalators of the Prague Metro.
Extensions of the metro lines brought about a necessity of grade-separated junctions
The till that time cut-and-cover or at-grade stations had lo be replaced by driven sta-
tions
To provide a sufficient capacity for transportation of passengers into the deeper found-
ed stations, another tunnels are built, serving for installation of escalators, i.e. escalator
tunnels. Overwhelming majority of the escalator tunnels is equipped with 3 sets of
escalators. The FLORENC and MUZEUM stations are an exception with the sets of four
escalalors installed.
Escalator tunnels are functionally, but also physically, divided longitudinally by an
intermediate floor. The upper part creates the space for the escalator and the space for
passengers. In the lower part of the escalalor lunnel, there are cable and piping serv-
ices installed. The upper part of the escalator tunnel terminates in an escalator plant
room. The lower part of the escalator tunnel terminates in an escalator tensioning sta-
tion
We distinguish station and underpass escalators, depending on their characler, i.e. the
location
Station escalators create generally a single vertical connection between a platform and
a ticket hall (streel level)
Underpass escalators mostly connect a ticket hall (underpass) with a street level
In addition, professionals distinguish *long" and “short" escalators for the purpose of
orientation, These names are derived from the transporlation heights, which are to be
overcome by escalators. "Short" escalators are the escalators designed for a trans-
portation height up to 15m. Escalators for a transportation height over 15m are consid-
ered as the "long" ones. The "long" escalators are mostly the station escalators. The
‘short" escalators are both underpass and stalion escalators for the transportation
height up to 15m. Underpass escalators are mainly installed in parallel with a fixed
staircase
Till the nineties, only two lypes of escalators were installed in the Prague metro. For the
{ransportation heighl up to 15m, they were escalalors manufactured by TRANSPORTA
(the CSSR), of the SHE and EHE lypes, which are the codes for standard heavy-duty
and external heavy-duty escalators. The external version has an electrical heating of
the staircase zone and heating of oil in the escalator's transmission. The sleel frame
structure of the SHE and EHE escalators is self-supporting, for transportation heights
up to 7m it has no intermediate support. The SHE and EHE escalators for the trans-
porlation height from 7 to 15m, the steel structure has an intermediate support.
Escalators from the USSR manufactured by the Kotljakovo company were installed to
overcome the lransporlalion heights of 15.2m and heigher. In total, following 4 types of
escalators from the USSR were inslalled on the Prague metro:

- LT 3 for the transportation heights H = 25.2m - 45m

- LT 4 for the transportation heights H = 15.2m - 25m

- ET 3for the transportation heights H = 30.2m - 45m

- ET 4-Pfor transportation heights H = 15.2m - 30m
The LT 3 and LT 4 types were installed on the 1st operational section of the metro line
A. The ET 3 and ET 4P types of escalators were partially upgraded and installed start-
ing from the 2nd operational section of the melro line A
Despite the parlial innovation, some handicaps of the escalators continued to exist. For
example, the use of plywood for panels on parapels of escalators continued, which fact
was criticized not only from the architectonic poinl of view, but also from the aspect of
fire protection
At the beginning of the nineties, a progressive refurbishmenl became a matter of con-
sideration, consisting in replacement of escalators, primarily the LT 3 and LT 4 in the
stations on the 1st operational seclion of the metro line A. The main motive was the
safety of passengers on the escalators
Realization of the replacement of escalalors was a technical problem from the very
beginning. The original philosophy regarding maintenance of escalators (LT 3 and LT
4) lied in overhauls, i.e. replacement of all parts of escalators with an exception of steel
structures, which were to remain installed. For that reason no opening was lefl in the
civil part for the assembly/dismantling. Despite this fact, it was decided, and it proves
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Tunel

ukazuje, Ze spravné, stavajici pohyblivé schody vyménit totalné. Jedinym
moznym zplsobem bylo zavaZeni montaZnich dill pohyblivych schodli na
Uroveri nastupidté, coZ vyzadovalo technické a rozmérové Upravy novych
pohyblivych schod(, aby bylo redlné montazni dily protahnout mezi ¢asteéné
odstrojenymi sloupy ale i pilifi a nasledné zatahnout do eskalatorového tunelu.
Na z&kladé téchto poznatkd bylo vypsano vybérové fizeni na dodavatele pohy-
blivych schod.

Jako prvni se realizovala vyména pohyblivych schodl ve stanici Mistek (trasa
A firmou THYSSEN, vitézem prvniho vybérového fizeni. MontdZ provedia firma
Transporta. Nasledovaly vymény dalsich "dlouhych" ale i "kratkych® pohy-
blivych schodd. K dnednimu dni jsou po provedenych vyménach na trasach C
a A pohyblivé schody od firem: THYSSEN, SCHINDLER, KONE, OTIS.

Z4sadni odli§nosti pohyblivych schodl LT 3, LT 4 od dnesnich pohyblivych
schodU jsou v tom, Ze nové pohyblivé schody jsou uloZeny na hornim a dolnim
tramu a podle dopravnl vysky majl 3 aZ 6 podpor v &lkmé &asti. Pohonna jed-
notka je umisténa v horni ¢asti ocelové konstrukce pohyblivich schodd.
Technologie Udrzby novyeh pehyblivych schodl nevyZaduje podélné ulicky
pro obsluhu. Proto je moZné nové pohyblivé schody nainstalovat do eskala-
torového tunelu tak, aby v §ikmé ¢asti eskalgtorového tunelu byly pro cestujic
bez problém( dodrzeny podchozi vysky dle CSN EN 115,

Pohyblivé schody LT 3 a LT 4 po celé své délce "lezi" na ocelovych nosnicich
na mezipodlaze. Na podlaze ve strojovné jsou umistény zaklady pro pohony
pohyblivych schodl. Pro zajisténi opray a adrzby musi byt u pohyblivych
schodd LT 3 LT 4 podéiné ulicky mezi ocelovou konstrukci a osténim eskala-
torového tunelu a mezi pohyblivymi schody navzajem, po celé jejich délce,
Obdobna situace s podélnymi ulickami pro obsluhu a Udrzbu je i u pohyblivych
schodl Transporta PSTN a PSTV. Zrugenim téchto ulicek, které bylo umoznéno
novou konstrukel pohyblivych schodd, na pfiklad firma SCHINDLER ve stanici
I. P. Pavlova dokazala do provozniho prostoru po 3 kusech pohyblivych schodd
Transporta — PSTN nainstalovat 4 ramena svych pohyblivych schodl, pfi
dodrzeni $itky stupil 1 000 mm, coZ znacné zvysilo pfepravni kapacitu
stanice.

Nékteré speciality v instalacich pohyblivych schodui

na prazském metru a trocha statistiky

V soucasné dobé je na prazském metru nainstalovano 223 kusi pohyblivych
schodi od 6 vyrobcl. Nejvy$si dopravni vysku maji pohyblivé schody ve stani-
ci Namesti Miru, a to 43,6 metru, to znamena délku jejich $ikmé casti 87,2
metru. Vyménu plvodnich pohyblivych schodl LT 3 realizovala firma
THYSSEN. Nejkratsi dopravni vy$ku maji pohyblivé schody Transporta - PSTN
ve stanici Karlovo ndmésti 3,8 metru.

Ve stanici Namésti Republiky, ve vystupu k Masarykovu nadraZl je vytvoiena
kaskada z trojic pohyblivych schodi ET 4-P a Transporta - PSTN. Pohonna jed-
notka pohyblivych schodd Transporta - PSTN je na Grovni mezipodesty.

Bylo nutné zrealizovat specidlni Upravy pro transpor! pfevodovky pod ocelovou
konstrukel pohyblivieh schodl Transporta — PSTN, na Groven nastupislé se
zasahem do osténl eskaldlorového tunelu,

Samostatnou pozornost si z hlediska pohyblivych schodl zaslouZl stanice
Florenc. Stanice je plestupni (trasy C - B). Pro zajisténi plynulého pohybu ces-
tujici vefejnosti je ve stanici nainstalovano 19 ramen pohyblivych schodd. Na
priklad ‘diouhych® stanignich pohyblivych schodl typu ET 4-P je ve stanici
Florenc 10 kust, coZ je o 1 rameno pohyblivych schodl vice, nez je celkovy
pocel "dlouhyeh’ pohyblivyeh schodi ve tfech stanicich 2. provozniho Gseku
{rasy A dohromady.

Z technického hlediska je v této stanici ojedinélym fedenim kaskada ze dvou
trojic pohyblivych schodl ET 4-P. Strojovna spodni trojice pohyblivych schodl
je na urovni mezipodesty, coz je asi 19 metrd pod drovni uliéni.

Do strojovny spodni trojice pohyblivych schodl na urovni mezipodesty bylo
nutné pfes provozni prostor horni trojice pohyblivych schodd zavézt a osadit
na zaklady 3 pohonné jednotky, kazda o hmotnosli 23 tun. O naproslo oje-
dinglém technickém fedeni a z toho vyplyvajicim zplsobu montaze se s obdi-
vem vyjadfovali i zastupci vyrabce pohyblivych schodl, ktefi montaz nerealizo-
vali.

Vytahy
Pro zajiSténi technologie GdrZby a oprav zafizenl metra byly podle dispoziéniho
feSeni instalovany do stanic metra vjtahy: Jsou to nakiadni vylahy, nosnost
2 000 kg, respektive 1000 kg - lanové, typy: SNV, NST, SV, ST a SGNV. S roz-
vojem sité metra vzrastal | pozadavek na zpfislupnéni metra pro osoby se
snizenou pohyblivosti - vozickafe. Volba padla na vytahy, V prvni fazi byly pro
piepravu vozickar technicky upraveny naklad-
nl vytahy, které svym dispoziénim umisténim
Wwofily vertikalni spojeni mezi Grovnl ulitni a
Grovnl ndstupisté. Takowch bylo velice mélo.

V dalsi etapé se doplnily do néklerych stanic
osobnl vytahy - nosnost 630 kg, nebo 1 000 kg,
Na piiklad ve stanicich Dejvickd, Nadrazi
Holesovice, Hlavnl nadrazi.

Pocinaje IV. provoznim Gsekem trasy B véeing
jsou jiz feSeny vstupy (vertikdini spojeni) pro
vozickare instalaci osobnich vytaht. Spinén
nékterych pozadavkl vyplyvajicich z normy
CSN EN 81 na bezpetnost cestujicich si vzhle-
dem k moZnostem dispoziéniho fesenf stanic
vyZaduje individualni specificka Feseni.

Podle CSN EN 81 ¢l. 5.2.2.1.2 je maximalni pfi-
pustna vzdalenost mezi prahy dvou nejblizsich
stanic vytahu 11 metri. Ve stanici Kobylisy je
tato vzdalenost 30 melru. Je proto nutné vedle
vytahové 8achty zrealizovat jesté $achtu — lezni
oddéleni s mezipodestami, na které budou Ustit
nouzove vystupy.

Na nové projektovanych stanicich jsou navrho-
vany nejmoderngjéi typy osobnich vytahl bez
strojoven.

Obr. 1. llustra¢ni foto — eskalatory v prazském metru
Fig. 1. Escalators of Prague metro

loday that correctly, to replace complete existing escalators. The only way possible
was to lransport prefabricated elements of the escalators to the platform level. This
required technical and dimensional modifications to be done on new escalators, which
were to enable the fransport of the prefabricated elements between columns or pylons,
and subsequently their transportation to the escalator tunnels. The cladding of the
columns and pylons had to be removed partially. Based on this knowledge, a tender
was called for the supply of the escalators.

First of all, the replacement of escalators in the Mustek station (line A) was performed
by the THYSSEN company, who won the first tender. The assembly was carried out by
the Transporta company. Replacement of other ‘long" and "short" escalators followed.
Till now, escalators supplied by THYSSEN, SCHINDLER, KONE and OTIS are found on
the lines C and A after replacement.

Basic differences of the LT 3 and LT 4 escalators from the current escalalors consist in
the fact that the new escalators are placed on the upper and lower beam, and, depend-
ing on the transportation height, they have 3 to 6 supports within the inclined section.
The driving unit is located in the upper part of the steel structure of the escalators. The
technique of maintenance of the new escalators does not require longitudinal service
aisles for operators. This makes the installation of a new escalator into the escalator
tunnel possible in such a manner, which removes troubles with keeping the clearance
for passengers according to the CSN EN 115 standard at the inclined section of the
escalator tunnel.

The LT 3 and LT 4 escalators "rest” within the whole length on steel beams at the inter-
mediate floor. On the machine room floor, there are foundations for drives of individual
escalators. Longitudinal service aisles between the steel structure and the tunnel lin-
ing, and between individual escalators, must be provided for performance of repairs
and maintenance of the LT 3 and LT4 escalators

Similarly, the SHE and EHE escalators manufactured by Transporta also require the
longitudinal service aisles. By means of cancellation of those aisles, which was made
possible thanks to a new design of escalators, the SCHINDLER company, as an exam-
ple, managed lo install 4 flights of its escalators into the operational space where 3
flights of the Transporta - SHE escalators had been before, maintaining the width of
steps of 1,000mm. This solution improved the conveying capacily signiticantly

Several specialities in installations of escalators

on the Prague Metro, and some statistics:

Currently, 223 pieces of escalators supplied by 6 manufacturers are operating in the
Prague Metro network. The escalator in the Namesti Miru is the m’{ghesr of them with its
height of 43.6m, which means the length of its inclined seclion of 87.2m. The replace-
men! of the original LT 3 escalator was carried out by THYSSEN. The lowest lransporta-
lion height, 3.8m, has the Transporla - SHE escalalor in the Karlovo Namesti stalion,

A cascade consisting of triple escalators ET 4-P and Transporta — SHE was built in the
Namesti Republiky station, af the exif lowards the Masaryk's Railway Station. The drive
unit of the Transporta - SHE is localed at the half-landing level.

It was necessary to perform special works for transportation of the transmission under
the steel structure of the Transporta — SHE escalator to the platform level, with an
impact on the escalator tunnel fining.

The Flarenc station deserves a special allention regarding escalators. It is an inter-
change station (from line C to B). 19 flights of escalalors were installed in the slation to
ensure a fluent flow of passengers. There are, for example, 10 pieces of the ET 4-P
"long" station escalators in the siatfon. This number is higher by one flight than the total
number of the "long" escalators installed in three stations on the 2nd operational section
of the line A.

From the technical point of view, this station features a unique solution consisting in a
cascade of two triplets of the ET 4-P escalalors. The machine room for the lower triplets
is at the hall-landing level, i.e. about 19 meters under the street level.

It was necessary fo transport and mount on the foundations 3 drive units, weighing 23
tons each, into the machine room of the lower riple! of the escalators; which is at the
haif-landing level. The transport was carried out via the operational space of the upper
triplet of the escalators. The fotally unique technical solution, and the assembly
process folfowing from that solution, was appreciated even by representatives of (he
manulacturer of the escalalors, who performed the assembly.

Elevators

For the purpose of maintenance and repairs of the metro equipment, there were
installed elevators into metro stations, with their position depending on the layaut of the
particular stations. They are SNV, NST, SV, ST and SGNV-lype geared freight elevators
with bearing capacily of 2,000kg or 1,000kg. With the metro developmeni, the require-
menl on access of disabled persons (wheel chairs) was increasing in intensity
Elevators were given the preference. In the first phase, the freight elevators which pro-
vided, thanks to their position within the layout, a
verlical connection belween the street level and
platform level, were technically modified to be able
to transport wheel chairs. Although, such the eleva-
tors were very rare.

In the other phase, passenger elevators with bearing
capacity of 630kg or 1,000kg were added to some
stations, e.g. to the Dejvicka, Nadrazi Holesovice,
Hlavni Nadrazi stations

Starting from the operational line IV.B (inclusive) the
entrances (vertical connections) for wheel chairs are
solved by installation of passenger elevators.
Because of the possibilities given by the layout of
stations, individual specific solutions must be adopt-
ed fo meet some requirements on safety of passen-
gers following from the CSN EN 81 standard

The CSN EN 81, CI. 5.2.2.1.2 stipulales that the max-
imum allowable distance between thresholds of two
adjacent slations of elevators must be of 11m. This
distance amounts to 30m at the Kobilisy station. For
that reason it is necessary to build another shaft (a
manway compartment} with half-landings, which the
emergency exits will lead to.

State-of-the-art elevators without machine rooms will
be designed for newly developed stations.
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TECHNICKE ZAJIMAVOSTI

TECHNICAL MATTERS OF INTEREST |

TUNEL ORTSTEIL BRITZV BERLINE -
APLIKACE NOVYCH TECHNICKYCH ZARIZENI

V rdmci seznamovani se s rozsahlym berlinskym dopravné-telematickym projektem
VMZ (Verkehrs Management Zentrale), ktery md za cil sbirat a zpracovéavat dopravni
informace a rlznou formou je predévat cestujici vefejnosti pro zlepeni mobility
v Berling, byla poskytnuta moznost navstivit tunel Ortsteil Britz, Tunel byl otevien
v ervenci minuiého roku a jsou zde pouzita néktera zajimava zafizeni, kterd dosud
nebyla aplikovana v Ceské republice.

V samotném dvodu je nutné fici, Ze nas ponékud pfekvapilo sdéleni, Ze v Berling je
v provozu devét tunell pozemnich komunikaci a je planovano, nebo jsou ve stavbé,
dalsich sedm tuneld. Hloubeny tunel Ortsteil Britz o délce 1,7 km je situovan v jizni
¢ésti Berlina u letisté Tempelhof na délnici A100 s pokradovénim na Drazdany. Hlavni
davody pro jeho vystavbu byly ekologické: ochrana obytnych domd pred hlukem
a zplodinami. Pocité se i s parkem nad tunelem. Po dokonéeni celého Useku bude
tunelem projizdét 136 000 vozidel za 24 hodin

Tunelova trouba je 14,5 m $iroka a je tvofena tfemi jizdnimi pruhy o $ifce 3,5 m,
dvéma 25 cm vodicimi prouzky, jednim nouzovym pruhem o §ifi 1,5 m a dvéma
nouzovymi chodniky Sirokymi 1,0 m. Stavebni vyska je 4,9 m a zakladni vyska pri-
jezdniho priifezu je 4,5 m, takZe do prostoru 40 cm jsou umistény svételné signaly pro
jizdu v pruzich i smérové tabule. Je pouzita podélnd ventilace s odsavanim
znedisténého vzduchu u portalu a jeho vyfukovani vétracimi kominy u portald. Pro Jet
- ventilatory (4 fezy po 6 ventildtorech) je ve stropé wvytvofen aerodynamicky
tvarovany prostor. Stavebni bezpe&nostni Upravy tvofi vZdy dva zalivy s moZnosti
nouzového tniku do prostoru nad tunel a pét spojek s druhou tunelovou troubou. SOS
skiiné jsou vzdaleny 350 m,

Dopravné technicky koncept navrhu vychazel z psychologickych aspektd fidite,
bliziciho se a projizdéjictho tunelem. Velky diraz byl kladen i na intuitivni slozku
vedeni vozidla v dané trase. Cile tohoto konceptu jsou:

- bezpeéné vedeni fidite v dostateném odstupu pied tunelem;

- harmonizace dopravniho proudu jiz pfed tunelem;

- poskytovani potfebnych informaci k momentalni situaci;

-~ rychlé reakce systému na jakékoli zmény dopravy, vyskyt kongesci a nehod;

- zamezeni nehod pfi pfesmérovani dopravy

1.1. VEDENI VOZIDEL A HARMONIZACE DOPRAVNIHO PROUDU

Jiz v dostatetném pfedstihu, pfed viezdem do tunelu, je Fidi¢ veden prostiednictvim
signdll pro jizdu v pruzich - zelenou &ipkou S5b, picemz plali zasada, 7e vzdalenost
mezi témito signaly je takova, aby byl vZdy vidét nejméné jeden. Dalsi zasadou je, 7e
proménné dopravni znatky omezujici rychlost B20a "Nejvy$si dovolend rychlost’ jsou
doplnény vystraznymi a zakazovymi znatkami se svétiovodnou technikou. Divodem
je psychologické hledisko plsobeni této dodatkove informace na fidice. Vyzkumy
prokazaly, Ze Fidi¢i podstatné Iépe akceptuji omezenf rychlosti, kdyz je doplnéno vy-
strahou. Na obr. 1 je pifklad zdkazové znagky ‘80" doplnéné vystraznou znagkou A9
'Provoz v obou smérech’.

1.2. PRESMEROVAN/ DOPRAVY

Presmérovani dopravy je nutné napiiklad pfi Udrzbovych pracich nebo v piipadé
nehody. Pfi projektovani tunelu se uplatnila zasada, 7e k piesmérovani dochazi
2asadné pred tunelem, a to zafizenimi, ktera bezpeéné navadeji vozidla do pro-
tismérného provozu. V tunelu je fidic veden jiz pouze v pfimém sméru pomoci
zelenych Sipek (S6b) a je upozorfiovan na provoz v opadném sméru Gervenym
kfizkem (S5a) nad pruhy s timto provozem.

Pro vedeni vozidel pi pfesmérovani jsou pouZity dvé ocelové bariéry, kazda o délce
50 m - obr. 2. Tyto segmenty jsou ovladany fidicim systémem tak, Ze se pfi pre-
smérovanf dopravy nejprve hydraulicky nadzvednou a poté posunou do pozadované
polohy. Pro lepsi smérovani vozidel jsou aktivovana i Zluté zableskova svitidla.
Bariéry v klidovém stavu oddéluji oba dopravni proudy a jsou tedy umistény mezi
nimi. V pfipadé nutnosti piesmérovani dopravy jsou premistény do polohy nazna-
¢ené na obr. 3.

Samotné bariéry nemachou usmérfiovat dopravu do jizdnich pruhl proto, Ze pouze
méni smér jizdy. Pro zachovani bezpecnosti je zde pouZit zcela novy princip
navadeéni vozidel do jizdnich pruhd zaloZeny na aktivnich znackovacich knoflicich
(koGici o6i). Jedna se o velmi moderni prvek uréeny pro fizeni dopravy na dalnicich,
v tunelech nebo pred tunely. Technologicky to jsou do vozovky zapu$téné elementy
emitujicf svétlo. Jsou aktivovany fidicim systémem v pfipadé, Ze pfed portaly dochdzi
ke zméné sméru jizdy. Kovova 8ast se zabudovanymi diodami emitujicimi svétlo
(LED) wy&niva pouze asi 10 mm nad povrch vozovky (obr. 5), takze udrzba komu-
nikace necini oblize, Mechanické provedeni je takové, 7e je vylouteno poskozeni
projizdgjicimi vozidly nebo ddrzbovymi mechanismy. Liniové segmenty téchto ele-
mentd jsou Fizeny fidicim systémem tunelu. Ukazka vyuZiti pro odboéeni z pryniho

THE ORTSTEIL BRITZ TUNNEL IN BERLIN -
APPLICATION OF NEW TECHNICAL EQUIPMENT

The opportunity of visiting the Ortsteil Britz tunnel was granted as a part of
the process of getting acquainted with the VMZ (Verkehrs Management
Zentrale), an extensive project of road telematics applied in Berlin, The pro-
ject's objective is to collect and process traffic information and to provide
it for the travelling public, with the aim of improvement in mobility in Berlin,
The tunnel was inaugurated in July last year. Some interesting equip-
ment were used there, which have not been applied in the Czech Republic
yet.

It is necessary to state at the very beginning that we were a little bit sur-
prised by an information that there are nine operating road tunnels in Berlin,
and other seven tunnels were under planning or under construction. The cut-
and-cover Ortsteil Britz tunnel is 1.7km long. It is located in a southern sec-
tor of Berlin, nearby the Tempelhof airport, on the A100 motorway continuing
towards Dresden. Environmental reasons were the main reasons for its
development, i.e. protection of residential buildings against noise and poliu-
tants. A park is expected to be above the tunnel. After completion of the
whole section, the tunnel will carry 136,000 vehicles per 24 hours.

The 14.5m wide tunnel tube contains three traffic lanes 3.5m wide, two 25cm
wide edge lines, one 1.5m wide emergency stopping lane and two 1.0m
wide emergency pavements. The headroom and the basic traffic clearance
height are of 4.9m and 4.5m respectively. The 40cm high space is utilised
for installation of traffic lights for driving in lanes, and direction signs. Axial
ventilation is used with polluted air extracting at tunnel portals and exhaust-
ing via ventilation stacks at the portals. An aerodynamically shaped space
for jet fans is created in the tunnel crown at 4 profiles (6 fans each)
Structural safety measures consist in two emergency lay-bys in each tunnel,
with a possibility fo escape into a space above the tunnel, and five cross
passages to the other tunnel tube. SOS boxes are at intervals of 350m

The traffic and technical concept of the design was based on psychological
aspects of a driver nearing to and passing through the tunnel. A significant
emphasis was laid on the intuition component of keeping a vehicle moving
within the given route. The concept is intended to ensure:

- A safe guidance for drivers at a sufficient distance from the tunnel;

- Harmonisation of the traffic flow already before the tunnel;

- Communication of enough information on momentary situation;

- Rapid reaction of the system to any changes in the traffic, occurrence of
congestion and incidents;

- Prevention of incidents at switching of the traffic flow direction

1.1 VEHICLES GUIDANCE AND HARMONISATION
OF THE TRAFFIC FLOW

In a sufficient advance, before entering the tunnel, a driver is guided by
means of signals for driving in lanes, i.e. the S5b green arrow light. The rule
is that such a distance between these lights is designed which allows the
driver to see at least one light at any moment. Another rule is that the vari-
able traffic signs limiting the speed, i.e. the B20a "Maximum permissible
speed’, are complemented by warning and prohibitory signs with light-con-
ducting technology. The reason is the psychological effect of this additional
information on drivers. It has been proved by research that drivers accept
speed limitation much better if it is complemented by a warning. A prohibito-
ry sign "80" complemented by a warning sign A9 'Two-way traffic* is shown
in Fig. 1 as an example.

1.2 SWITCHING OF THE TRAFFIC FLOW DIRECTION

Switching of the traffic flow direction is necessary, for example, at mainte-
nance operations or in case of an accident. A rule was applied when the tun-
nel design was developed that the changes are realised before the tunnel as
a rule, by means of facilities, which guide vehicles safely into the contra-flow
traffic. Then, inside the tunnel, the driver is guided in the straight direction
only, by means of green arrows (S5b), and is warned of the traffic in the
opposite direction by a red cross (S5a) above the lanes being operated in
this manner

Two steel barriers, each 12m long, are used for the guidance of vehicles
during the switched flow direction operation, see Fig. 2. These segments are
controlled by a control system. If the traffic flow direction is to be switched,
the barriers are lifted first, and then shifted into the required position. In
addition, for better guidance of vehicles, yellow flashing lights are activated.
If the barriers are in a sland-by condition, they separate the two traffic
streams, it means that they are located between them. If the switching of the
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jizdniho pruhu na délnici je na obr. 4. Svételné charakteristiky by mély byt takové, aby
byla zaru¢ena pfi dennim svétle viditelnost vy38i nez 100 m.

V konkrétnim pFikladu tunelu Ortsteil Britz je pouZito asi 90 elementli v odstupu L
metrd, které smérujf dopravu do protisméru v Gseku asi edesati metr(.

ZAVER
Po podrobnéji analyze tohoto moderniho tunelu Ize konstatovat, Ze nae nové tunely
jsou vybaveny stejnym technologickym standardem. Dokonce v otazce fidiciho soft-
waru jsme dale, nebot nejnovéjsi program KERBERUS® umoziiuje Uplnou simulaci
dopravnich stavi jesté predtim, nez jsou aplikovany pro fizeni dopravy v tunelu.
Pohled do lokainiho velinu tunelu je na obr. 6
Rozdil se spiSe tykad vybaveni na pfijezdech k tunelu, kde je v pfipadé berlinského
tunelu fidi¢ v dostatetném pfedstihu informovan a bezpetné navigovan do spravného
sméru, a to i prostiednictvim zafizeni, kterd u nds dosud nebyla pouZita

Doc. Ing. Pavel Plibyl, CSc.

-
0Obr. 5 Kovove téleso s vyzafujicimi
otvory
Fig. 5 Steel body with emission
holes

Obr. 1 Dopravni znatka omezujici rychlost je doplnéna vystraznou zna¢kou
Fig. 1 A warning sign added to a speed limiting traffic sign

Obr. 2 Ocelové vodici bariéry v profilu New-Jersey
Fig. 2 Steel guiding barriers, the New-Jersey cross section

Obr. 4 Svétlo emitujici elementy vyznadujici zménu sméru jizdy na délnici
Fig. 4 Light-emitting elements marking a change in the traffic flow on
a motorway

traffic flow direction is required, they are relocated into the position shown in
Fig. 3.

Because they change the traffic flow direction only, the barriers themselves
cannot guide the traffic into traffic lines. To maintain the safety, a totally new
principle of guiding vehicles into traffic lanes is used here, based on active
marking buttons, catseyes. This is a very modern element for traffic control
on motorways, in tunnels or before tunnels. These light emitting devices are
embedded in the carriageway. They are activated by the control system
when the traffic flow direction is changed before tunnel portals. Their steel
part with built-in light-emitting diodes (LED) protrudes about 10cm above
the road surface only, see Fig. 5, so that the road maintenance is not made
more difficult. They are designed in such a way, which excludes a possibili-
ty of a damage by passing vehicles or maintenance equipment. Line seg-
ments of these elements are controlled by the tunnel control system. A
demonstration of their utilisation for exiting from the first traffic lane of the
motorway is shown in Fig. 4. Light characteristics should be maintained,
which ensure visibility, at the day light, over 100m.

In the specific case of the Orsteil Britz tunnel, about 90 elements installed at
three-meter spacing were used for guidance of traffic to the contra-flow,
along a length of about sixty meters.

CONCLUSION

After a more detailed analysis of this state-of-the-art tunnel, it is possible to
state that the equipment of our new tunnels is at the same technological
standard level. Our control software is even belter since the latest pro-
gramme KERBERUS® makes a full simulation of traffic states possible even
before their application on the tunnel traffic control. A view of a local tunnel
control centre is in Fig. 6.

The difference is rather in accesses to the tunnel, where, in the case of the
Berlin tunnel, the driver is informed in a sufficient advance and safely navi-
gated to the correct direction. The equipment used has not been applied in
our country yetl.
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Obr. 3 Klidova poloha bariér {obr. vlevo) a bariéry pii zménach sméru dopravy

(obr. vpravo)

Fig. 3 Stand-by position of the barriers (on the left hand) and of the barrier
at a state of a switched iraffic flow direction (on the right hand)

QObr. 6 Lokalni velin pro fizeni tunelu Ortsteil Britz
Fig. 6 Local control centre for the Ortsteil Britz tunnel management
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Z CINNOSTI ODBORNYCH SPOLECNOSTI

ZAINTERESOVANYCH DO PODZEMNICH STAVEB

ACTIVITIES OF PROFESSIONAL CORPORATIONS
INTERESTED IN UNDERGROUND CONSTRUCTION

SEMINAR: KLASIFIKACE ZEMIN A HORNIN

NAVRHOVAN( GEOTECHNICKYCH KONSTRUKCI
NA ZAKLADE LABORATORNICH A TERENNICH ZKOUSEK

Geska silniéni spolednost ve spolupréci s SG-Geotechnika, a. s., a Ceskou asoci-
aci inZzenyrskych geologl pofadata dne 28. 2. 2001 seminaf k sezndmeni s novy-
mi evropskymi geotechnickymi normami,

Semindr byl uréen pfedevsim pro projektanty, pracovniky investorskych a zho-
tovitelskych organizaci, inzenyrské geology a geotechniky. Cilem byla pfedevsim
informace o dvou novych normach vypracovanych v ramci CEN, které byly jiz
zavedeny do normaliza&ni soustavy, a sou¢asné informovat o probihajici pfipravé
norem SO, které do systému norem CEN budou za&lenény.

CEN - Evropska komise pro novelizaci sdruzuje18 zapadoevropskych zemi a CR.
Normy zde vytvéafeji pracovni skupiny (WG). Jsou davany do ob&hu nejdfive jako
pfednormy s ¢eskym oznagenim CSN P ENV. Geotechnickou problematikou se
zabyvé technickd komise TC 250, ktera zpracovala Eurokdd 7 v Eeském oznaceni
CSN P ENV 1997. Navrhovani geotechnickych konstrukci v rozdélent:

Cést 1: Obecna pravidla - plati jako pfednorma uz 6 let.

Cast 2: Navrhovani na zakladé laboratornich zkousek.

Cast 3: Navrhovani na zakladé terénnich zkou$ek.

Casti 2 a 3 byly do systému nagich norem uvedeny v roce 2000,

Pravé seznameni s témito ¢astmi bylo naplini piispévkl ing. Véclava Hofejsiho,
ing. Vitézslava Herleho, oba SG-Geotechnika, a. s., a ing. Stanislava Recha -
Geotech Brno, a. s.

Normy na pojmenovani a popis zemin a také hornin jsou zpracovany pod hlavi¢-
kou 1SO a po definitivnich schvalenich budou pfijaty jako normy CEN.

Ptispévek ing. Petra Ne§vary — SG-Geotechnika se zabyval normou 1SO 14688
Pojmenovani a klasifikace zemin. Normu Klasifikace a popis skalnich hornin
ISO/CD 14689 rozebral ve svém pfispévku ing. Vladislav Horak, CSc.,z VUT Brno.
Tato norma je velmi kvalitni pomlckou pro jednotny postup pojmenovani a popis
hornin v zakladni oblasti prizkumu i horninového inZenyrstvl. Zavadi novy odlidny
pfistup k popisu zvétravani a alterace, stalosti ve vodé a také nové rozdélenf
hornin podle pevnosti.

Soudasti seminafe byl pfispévek dr. Vaclava Hudnera- Arenal, s.r. 0., TéZitelnost
a rozpojitelnost hornin. Evropska norma na tuto problematiku neexistuje a ani se
nepfipravuje. Atkoliv zatfidéni zemin a hornin podle téZitelnosti vyrazné ovliviiu-
je ndklady na stavbu, nenf praxe pfedepsana v CSN 733050 jednoznacna a vy-
klad je silng subjektivni a nepostihuje ¢asto skute¢ny stav horninového prostiedi.
Prispévek byl zvl4sté zaméfen na vyjasnéni zafazovéni do tfid R1-R6 u hornin
pfedkvarterniho skainiho podkladu. Daldi pfispévek ing. Josefa Libela SG-
Geotechnika se zaméfoval na problematiku terénnich zkougek.

Velka Ggast na seminafi konaného v Kulturnim domé Eden v Praze-Vr8ovicich jen
dokumentovala zajem geotechnickych odborniki o problematiku. Je potéSiteiné,
Ze prispévky i diskuse ukazaly, ze technické Groven nagich firem i specialistd drzi
rovnocenny krok se zapadoevropskou Urovni a Ze pfechod na normy vytvofené
v CEN bude bez vétsich probléma.

Na (norovém zasedani sekce, které se konalo u Amberg Engineering Brno, byl
pfedevdim projednan plan Cinnosti pro rok 2001. Z dilezitych bodd byla
zdiraznéna:

Spoluprace &lenti na projektu MDS 803/110/105 Analyza a fizeni rizik v tunelech
pozemnich komunikaci;

- Spoluprace s komisi C5 AICPR, kde delegatem byl jmenovan ing. Zlamal;

- Spoluprace ¢asopist Tunel a Silniéni obzor;

- Organizace studijni cesty na stavbu tunelového Useku projektu dainice A 86
v Pafizi v roce 2001;

- Revize a dopln&ni CSN 737507 a TPMD pro zfizovéni technologického vyba-
veni tunell pozemnich komunikaci.

Dale byla pfedana informace o innosti Ceske silnign( spole¢nosti v roce 2001.
26. 4. sjezd Ceské silni¢ni spole¢nosti,

3.-4.5, zasedani skupiny C 09 AIPCR,

22.-24.5.  Road Ware Praha,

31.5.-1.6. Konference ITS 01 Praha,

18.-19.6.  Dopravné inZenyrské dny Valtice,

11.-12.9.  Majetkopravni vztahy v silni¢ni dopravé Znojmo,
168.-17.10.  Silni¢ni konference Olomouc,

27.-28.11, Asfaltobetonové vozovky Ceské Budgjovice.

COLLOQUIUM: SOIL AND ROCK CLASSIFICATION

DESIGN OF GEOTECHNICAL STRUCTURES BASED
ON LABORATORY AND FIELD TESTING

The Czech Road Association, in collaboration with SG-Geotechnika a.s. and the Czech
Association of Engineering Geologists held a colloquium on 28.2.2001 to inform on
new European geotechnical standards.

The colloquium was infended for designers, developers, contractors, engineering
geologists and geotechnicians above all. The primary objective was to inform on two
new standards developed in the framework of the CEN, which have already been incor-
porated into the standardisation system, and, at the same time, to inform on the prepa-
ration of ISO slandards to be incorporaled into the CEN standards system, which is
under way now.

The CEN, European committee for innovation, associates 18 countries of Western
Europe and the CR. Standards are developed by working groups (WG) there. First they
are circulated as preliminary standards under Czech denomination CSN P ENV.
Geotechnical issues are the topic of the technical committee TC 250, which developed
the Eurocode 7, marked in the CR as CSN P ENV 1997. Design of Geotechnical
Structures. It contains:

Part 1: General rules - it has been valid for 8 years as a preliminary standard.

Part 2: Designing on the basis of laboratory testing.

Part 3: Designing on the basis of field-testing.

The parts 2 and 3 were incorporated into the system of our standards in the year 2000.
Information on those parts was the topic of the papers read by Eng. Véclav Hofgjsi,
Eng. Vitézslav Herle, employees of SG-Geotechnika a.s., and Eng. Stanislav Rech,
Geotech Brno a.s.

Standards containing nomenclature and description of soils and rocks have been
developed under the ISO marking, and will be adopted as CEN standards after they
are finally approved.

The paper by Eng. Petr NeSvara, SG-Geotechnika, addresses the ISO 14688 standard:
Nomenclature and Classification of Soils. The ISO/CD 14689 standard: Classification
and Description of Rocks was analysed in the paper by Eng. Viadislav Horak, CSc,
VUT Brno. This standard is a very good tool for a unified process of denomination and
description of rocks within the basic field of investigation and rock engineering. it
introduces a new, different attitude towards the description of weathering and alter-
ation, fastness to waler, and also a new classification of rocks according fo the
strength.

Another part of the colloquium was the paper by Dr. Vaclav Husner, Arenal s.r.o.:
Workability and Breaking Characteristic of Rocks. No European standard on this topic
either exists or is under preparation. Despite the fact that the classification of soils and
rocks according lo workability influences a construction cost significantly, this prac-
tice is not prescribed in the CSN 73 3050 explicitly, and the interpretation is strongly
subjective and frequently does not represent the real condition of the rock environ-
ment. The paper was especially focused on explanation of classification into classes
R1-RE for racks of the Pre-Quaternary period rock substratum. Another paper by Eng.
Josef Libel, 5G-Geotechnika, was aimed on explanation of the issue of field testing.
The great attendance al the colleguium held in the Community Centre Eden in Prague-
Vesovice documented the interest of geotechnical professionals in this issue. It is
heart-warming that the papers and discussion showed that the technical level of our
companies and professionals keeps up with the level of Western Europe, and that the
;ransirion fo the standards developed in the CEN will encounter no significant prob-
ems.

The most significant issue negotiated in the February meeting of the section held in
Amberg Engineering Brno was the activity plan for the year 2001. Among important
items following items were emphasised:
- Co-operation of the members on the project MDS 803/110/105: Risk analysis and
management in road tunnels; :
- Co-operation with the C5 AICPR committee, for which Mr. Zldmal was nominated as
a delegate;
- Co-operation between the Tunel and Sifnicni Obzor magazines;
- Organisation of an educational journey to the construction site of a tunnelled section
of the A 86 highway project in Paris in 2001;
- Update and addition 1o the CSN 73 7507 standard and the TMPD for installation of
technological equipment in road tunnels.
In addition, an information on activities of the Czech Road Association in the year 2001
was provided:
26. 4. 2001 - 4th Congress of the Czech Road Association,

3. and 4. 5. 2001 - the session of the C 09 AIPCR group,
22.5-24. 5. 2001 - the Roadware 01 international road fair in Prague,
31.5.- 1.6.2001 - the ITS 01 Conference in Prague,
18. 5 - 19. 6. 2001 - Traffic Engineering Days in Valtice,
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V zavéru jednani byla podana zpréva o stavu pffpravy vystavby MO Brno tunel
Dobrovského a zahajovani staveb dalni¢ni sité v CR v roce 2001.
Exkurze byla vénovana spolupréci stfedisek fizeni dopravy zejména tunelovych
&asti mezi Policii CR mésta Brno a a. s. Brnénské komunikace.

Ing. Petr Vozarik

11.9-12.9. 2001 - Right in property in the field of road traffic, Znojmo,

16. - 17. 10. 2001 - the Road Conference in Olomouc,

27.-28. 11. 2001 - Asphaltic concrete road pavement, Ceské Budéjovice

At the conclusion of the meeting, there was presented a report on the state of prepara-
tion of the Dobrovského tunnel on the city ring road in Bino and on commencement of
the construction work on the Czech highway network projects in 2001.

The excursion was dedicated to the issue of co-operation of traffic control centres
between the Police of the CR and Brnénské komunikace a.s. (Brno roads co.)

KALENDARIUM ITA/AITES

CALENDAR OF ITA/AITES

10. - 13. 6. 2001

Milano, Italie, ITA/AITES World Tunnel Congress "Progress in Tunnelling
after 2000"
Fax: +39 02 48008471, e-mail: aites-ita2001@mgr.it - www.aites-ita-
congress2001

11. - 13. 6. 2001
San Diego, CA, USA, 2001 Rapid Excavation and Tunneling Conference
and Exhibit Fax: +303 973 9550, e-mail: meetings@smenet.org

14. - 15. 6. 2001
Paliz, Francie, 1st World Conference on Urban Road Tunnels
Fax: +33 1 44641516, e-mail p.fournier@colloquium.fr -
www.irfparis2001.com

25.- 27. 6. 2001
Singapore, Fire Safety for Structures Trade Show
Fax: +44 1234 841375, www.itc-conferences.com

27. - 31. 8. 2001

Istambul, Turecko, 15. Mezindrodni konference mechaniky zemin
a geotechnického inZenyrstvi / International Conference on Geomechanics
and Geotechnical Engineering

7. - 15. 9. 2001

Praha, Czech Republic, NO - DIG 2001, 19. Mezindrodni konference a vys-
tava / International conference and exhibition
Fax: +420 2 84001448, e-mail: nodig2001@guarant.cz - www.nodig2001.cz

11. 9. 2001

Ostrava, Czech Republic, Mezindrodni konference Stavebnf likvidace dolti /
International Conference ‘Liquidation of mines by building methods", VSB,
katedra geotechniky a podzemniho stavitelstvi

18. - 19. 9. 2001
Bratislava, Slovakia, Optimalizdcia geotechnickych konstrukcii,
5. Mezindrodni védecka geotechnicka konference / International Scientific
Geotechnical Conference, STU, Stavebna fakulta

18. - 20. 9. 2001
Londyn, GB, Underground Construction 2001, Symposium and Exhibition
Fax: +44 20 7233 5054, www.brintex.com

7.-9.10. 2001
Prievidza, Slovakia, konference Podzemné stavitebnictvo Prievidza 2001 /
Conference Underground Construction Prievidza 2001
www.sendai.kopas.co.jp/JGS/E/events.html
Fax: +421 862 5422983

16. - 18. 10. 2001
Ustrori, Polsko, Geotechnika 2001, 6. Mezindrodni konference /
Geotechnics 2001, International Conference

22. - 25. 10. 2001

Washington, USA, Tunnel Fires, Third International Conference
Fax: +44 1234 841375, www.itc-conferences.com

30. 10. - 1. 11. 2001

Kyoto, Japan, Modern Tunneling Science and Technology, international
conference
Fax: +81 75 758 5104, e-mail: kimura@toshi.kuciv.kyoto-u.ac.jp

5.-6. 11. 2001

Brno, Czech Republic, konference Zakladani staveb 2001 / Conference
Foundation Engineering 2001

21.-23. 11, 2001

Singapore, 4th Asia - Pacific Conference on Shock and Impact Loads on
Structures
Fax: (065) 2353530, e-mail: cipremie@singnet.com.sg - www.cipremier.com

4.-6. 12, 2001

Basel, Switzerland, Tunnel Management systems, International Conference
Fax: +44 1234 841375, www.itc-conferences.com

5.-7. 12, 2001
Basel, Switzerland, The 5th International Tunnelling Exhibition "Intertunnel

2001"
Fax: +44 1707 278201, e-mail. info@intertunnel2001.com

2.-8.3.2002

Sydney, Australia, 28th ITA General Assembly and World Tunnel Congress
"AITES - ITA DOWNUNDER 2002"
Fax: 612 9262 3135, e-mail: ita2002@tourhosts.com.au

7.-8.3.2002
Zurich, Switzerland, Soil Structure Interaction in Urban Civil Engineering,
2nd International Conference "Planning and Engineering for the Cities of
Tomorrow”
Fax: +41 1 6331079, e-mail: dekanovsky@igt.baug.ethz.ch

18. - 22. 5. 2002

Seattle, Wa, USA, North American Tunneling 2002, Conference with 3 tracks
Fax: 206 343 7481, e-mail: underground@auca.org

11.-12.7. 2002
Singapore, Landslides, Slope Stability and the Safety of Infrastructures,
International Conference
Fax: (065) 2353530, e-mail: cipremie@singnet.com - www.cipremier.com

16. - 20. 9. 2002
Durban, South Africa, 9th Congress of the International Association of
Engineering Geology and the Enviroment
Website: http://home.geoscience.org.za/saieg/2002.htm

24, -27. 9. 2002

New Delhi, India, ISRM India Symposium "Advancing Rock Mechanics
Frontiers to Meet the Challenges of 21st Century”
Fax: +91 11 611 6347, e-mail: cbip@nda.vsnl.net.in - www.cbip.org

21. - 23. 10. 2002
Toulouse, France, Les souterrains: Des ouvrages qui vivent / Underground
Works: Living Structures, International Conference
Fax: +44 153420820, e-mail: contact@aftes.asso.fr - www.aftes.asso.fr

17. - 20. 11. 2002

Tokyo - Shonan Village, Japan, Shotcrete for Underground
Support IX 'SUS - 9"
Fax: +81 3 3553 6145, e-mail: jta@sepia.ocn.ne.jp

12. - 17. 4. 2003
Amsterdam, The Netherlands, ITA World Tunnelling Congress 2003
‘(Re)Claiming the Underground Space'
Fax: +31 182 537510, e-mail: info@wtc2003.nl - www.wtc2003.nl

PHpadné dal&( informace: Sekretarist CTuK
For further information: Secretariat CTuC
Ing. Karel Matzner




PROVADIME

stavebni prace povrchové, podpovrchové i daini
vystavba, rekonstrukce, demolice

akclova spoleénost

VYRABIME

svarované sité, mobilni oploceni, betonové prvky

www.vokd.cz dalsi informace: www.vokd.cz

— vystavba tunel@ a vétracich Sachtic (CR, SRN, Spanélisko)

— vystavba kolektorti (Referencéni list Magistratu Mésta Ostravy za
kolektor pod ulici Podébradovou)

- hloubeni zasobnikul, rekonstrukce Sachet, razba
velkoprostorovych dél

— Siroké spektrum povrchovych staveb

VOKD, akciova spolec¢nost, Nakladni 1, 702 00 Ostrava;
Tel. 069-6699 111; Fax: 069-611 81 20; e-mail - sprava@vokd.cz

ILF Consulting Engineers is an internationally ILF Consulting Engineers je inZenyrska organizace
active engineering firm with 450 employees and s mezinarodni pusobnosti s vice nez 450 zaméstnanci
offices worldwide. ILF offers complete engineering a kancelaremi po celém svété. ILF nabizi apiné
services and its main field of activities include: inZzenyrské sluzby a jeji hlavni pole &innosti zahrnuje:
B e * Tunnels and Underground Structures « Tunely a podzemni stavby
W * Rock and Soil Mechanics » Mechanika hornin a mechanika zemin
CONSULTING * Geotechnical Engineering + Geotechnika a inZenyrska geologie
ENGINEERS *Transportation and Communications  Dopravni stavby
e’ « Structural Engineering « InZenyrske stavby
INGENIEURS « Urban and Regional Development Planning « Uzemni planovani
CONSEILS « Cleanup of Contaminated Sites, Landfills » Dekontaminace zamofenych tUzemi, rekultivace
» Water Transport and Pipelines * Vodovody a ostatni produktovody
» Water Resources and Environmental Services » Sluzby v oblasti vodnich zdrojt a ptirodniho prostfedi
» Hydraulic and Hydroelectric Engineering » Vodni stavby a hydroelektramy
» Geodetic surveys and GIS * Geodézie a GIS
ILF is a completely independent organization with ILF je zcela nezavisla organizace s vice nez 30 lety
over 30 years of engineering expertise. inzenyrskych zkudenosti.
ILF's special interest is to design and implement ILF se zamé&fuje na projektovani a realizaci komplex-
complex projects, requiring a well organized co- nich projektd, které vyZaduji dobfe organizovanou
operation between the different fields of activities . spolupraci mezi riznymi obory &innosti.
ILF has a well proven Quality Management System  ILF pracuje v ramci prov&feného systému fizeni
and is fully certified with ISO 9001. jakosti ISO 9001.
ILF Consulting Engineers, s.r.o. ILF Beratende Ingenieure ZT GmbH Ingenieurgemeinschaft Lasser-Feizimayr
Jirsikova 5 Framsweg 16 Arabellastrasse 21
CZ-186 00 Prague 8 A - 6020 Innsbruck D-81925 Miinchen
Tel.: ++420/2/810 15 111 Tel.: ++43/512/24 12-0 Tel.: ++49/89/928 008-0
Fax: ++420/2/810 15 605 Fax: ++43/512/26 78 28 Fax: ++49/89/928 008-30
E-mail: info@praha.ilf.com E-mail: info@ibk.ilf.com E-mail: info@muc.ilf.com

Homepage: www.ilf.com




CLENSKE ORGANIZACE CESKEHO TUNELARSKEHO
KOMITETU A SLOVENSKEJ TUNELARSKEJ ASOCIACIE

ITA/AITES

MEMBER ORGANIZATIONS

OF THE CZECH TUNNELLING COMMITTEE
AND SLOVAK TUNNELLING ASSOCIATION ITA/AITES

AD SERVIS TERRABOR, s.r.0.
Bélohorska 157/188
169 00 Praha 6

AMBERG ENGINEERING BRNO, a.s.

Ptasinského 10
602 00 Brno

ANGERMEIER ENGINEERS, s.r.0.
Pilovska 216
190 16 Praha 9

AQUATIS, a.s.
Botanicka 56
602 00 Brno

CARBOTECH-BOHEMIA,s.r.0.
Lihovarska 10
716 03 Ostrava-Radvanice

CERMAK A HRACHOVEC, a.s.
Smichovska 31
155 00 Praha 5 - Reporyje

ELTODO, a.s.
Novodvorska 1010/14
142 00 Praha 4

EREBOS, s.r.o.
Malé Svatonovice 249
542 34

GEOTEC @GS, a.s.
Chmelova 2920/6
106 00 Praha 6

GEOTEST BRNO, a.s.
Smahova 112
659 01 Brno

HONEYWELL, s.r.0.
Budéjovicka 1
140 21 Praha 4

ILF CONSULTING ENGINEERS, s.r.0.

Jirsikova 5
186 00 Praha 8

INGUTIS, s.r.o0.
Treboradicka 1/1275
182 00 Praha 8

INSET, s.r.0.
Novakovych 6
180 00 Praha 8

INZENYRING

DOPRAVNICH STAVEB, a.s.
Na Morani 3

128 00 Praha 2

KANKOL, s.r.o0.
U Stanice 11
162 00 Praha 6

KELLER SPECIALNI
ZAKLADANI, s.r.o.
K Rysdnce 16

147 54 Praha 4

METROPROJEKT PRAHA, a.s.
I. P. Pavlova 1786/2
120 00 Praha 2

METROSTAY, a.s.
KoZeluzska 5
180 00 Praha 8

OKD, DBP PAKOV, a.s.
739 21 Paskov

POHL cz, a.s.
Nadrazni 25
252 63 Roztoky u Prahy

PUDIS, a.s.
Nad vodovodem 2/169
100 00 Praha 10

SATRA, s.r.o0.
Podhofi 2879
276 01 Méinik

SG GEOTECHNIKA, a.s.
Geologicka 4
150 00 Praha 5

SOLETANCHE CR, s.r.0.
K Botici 6
101 00 Praha 10

CVUT STAVEBNI FAKULTA
Théakurova 7
166 29 Praha 6

VUT STAVEBNI FAKULTA
Vevefi 95
662 37 Brno

SUBTERRA, a.s.
Bezova 1658
147 14 Praha 4

SUDOP, a.s.
Olsanska 1a
130 80 Praha 3

TUBES, s.r.o.
Londynska 29
123 00 Praha 2

USTAV GEONIKY AV R
Studentska ul. 1768
708 33 Ostrava-Poruba

VIS, a.s.
Bezova 1658/1
147 00 Praha 4

VODNI STAVBY, a.s.
v likvidaci
Dobronicka 1256

148 25 Praha 4

VOKD, a.s.
Ceskobratrska 7
701 40 Ostrava

VYSOKA SKOLA BANSKA-
TU OSTRAVA

tf. 17. listopadu

708 33 Ostrava-Poruba

ZAKLADANI GROUP, a.s.
Rohansky ostrov
180 00 Praha 8

ZS BRNO, a.s.
zévod MOSAN
Buredova 17
660 02 Brno

BANSKE STAVBY, a.s.
KoSovska cesta 16
971 01 Prievidza

DOPRASTAYV, a.s., GR
Driefiova 27
826 56 Bratislava

DOPRAVOPROJEKT, a.s.
Komindrska 2
823 03 Bratislava

GEOCONSULT, spol. s r.o.
Driefiova 27
826 56 Bratislava

GEOMONTA, spol. s r.o.
Sebedrazska cesta 7
971 01 Prievidza

GEOTECHNIK, spol. s r.o.
Spisska Nova Ves

GEOSTATIK, spol. s r.o.
Bytéickd 32
010 39 Zilina

GEOFOS, spol. s r.0.
Velky diel 3323
010 08 Zilina

HYDROSTAY, a.s.
Miletiova 21
820 06 Bratislava

HYDROTUNEL
Mojmirova 14
972 01 Bojnice

HORNONITRIANSKE BANE, a.s.
ul. Matice slovenskej 10
971 71 Prievidza

CHEMIA-SERVIS
Kopc¢ianska 65
851 01 Bratislava

INCO, a.s.
Pri starej prachdrni 14
831 50 Bratislava

INGEO, a.s.
Bytéické 16
010 01 Zilina

INFRAPROJEKT, s.r.0.
Komindrska 4
823 02 Bratislava

KRIZIK, a.s.
Solivarska 1
080 01 Presov

MAGISTRAT hi. m. Bratislavy
Primacidlne nam, 1
814 99 Bratislava

RUDNY PROJEKT HOLDING, a.s.
Festivalové nam. 1
041 95 Kosice

SLOVENSKA BANICKA
SPOLOCNOST
ul. 9. maja €. 2
974 01 Banska Bystrica

SLOVENSKA SPRAVA CIEST
MiletiGova 19
820 09 Bratislava

SLOVENSKE TUNELY, spol. s r.o.

Lamaédska 16
841 03 Bratislava

SOLHYDRO, spol. s r.0.
M. nivy 61, P.0. BOX 31
826 06 Bratislava

STU BRATISLAVA STAVEBNA
FAKULTA, s.r.o0.

Radlinského 11

813 68 Bratislava

SPECIALNE CINNOSTI
Kuklovska 60
841 05 Bratislava

TECHNICKA UNIVERZITA KOSICE

Fakulta BERG
Letna 9
042 00 Kosice

TERRAPROJEKT, a.s.
Podunajska 24
821 06 Bratislava

USTAV GEOTECHNIKY SAV
Watsonova 45
043 53 Kosice

UNIVERZITA KOMENSKEHO
Katedra inz. geoldgie
Mlynské dolina

842 15 Bratislava

URANPRES, spol. s r.o.
Fr. Krara 2
052 80 Spisska Nova Ves

VAHOSTAY, a.s. GR
Hlinska 40
011 18 Zilina

VODOHOSP. VYSTAVBA, §.p.
Karloveskd 2, P.O. BOX 45
840 00 Bratislava

VUIS - ZAKLADANIE STAVIEB, spol.s r.o.

Stard Vajnorska cesta 16
832 44 Bratislava

ZIPP BRATISLAVA, spol. s r.o.
Stard Vajnorska cesta 16
832 44 Bratislava

ZELEZNICE SR, GR
Klemensova 8
813 61 Bratislava

ZILINSKA UNIVERZITA
Katedra geotechniky
Komenského ul. 52

010 26 Zilina

ZELBA, a.s.
Saférikovo nam. 4
052 54 Spisska Nova Ves
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ENGINEERING AND CIVIL STRUCTURES

company SUBTERRA ranks among the most important Czech construction
companies. During 36 years of its existence it has become an indispensable and
reliable subject on the construction market in all branches of underground
znd surface civil engineering.

UNDERGROUND AND SURFACE STRUCTURES

engineering, transport, industrial, water

management, civil and environmental structures

e construction of collector networks

s transport tunnels (railway tunnels and road tunnels of a highway type in particular),
purpose-made tunnels :

* construction and modernization of railway tracks ‘

s construction of Metro lines

» large capacity underground structures (car parks, underground power plants, un- |
derground waste water treatment plants in particular) 1

* mine construction and opening |

* apartment sets, administration buildings

e reconstruction and modernization of historic monuments

FOREIGN EXPERIENCE

* Germany - construction of road and railway tunnels, apartment and
civil’buildings

e Spain - mine construction and opening

QUALITY. ASSURANCE

° Certificate for englneermg and
supplying activities to CSN EN ISO
9001 standard

* Certificate for underground activities
to CSN EN ISO 9002 standard

* Certificate for construction works
in roads and tunnels to CSN IN
ISO 9002 standard

* Product certificates - concretes,
steel structures, gamma plaster

SERVICE ACTIVITIES
e project management
e designing
* accredited laboratory
SUBTERRA a.s. 7

Bezova 1658, 14714 Prague 4

fCZech Republic

Tel.: +420.2.4406 1111, Fax: +420.2.4446 6179
E-mail: info@subterra.cz
http://www.subterra.cz

WE OPEN A NEW SPACE




Tunnel LINING Systems
GLASAL, high cualiy tunnel Iining

TUNNEL LINING : REDUCING OPERATIONAL COSTS

ETERNIT BELGIUM has been the foremost international
specialist in tunnel lining (square or circular tunnel
sections) for the last 25 years.

Millions of road users currently enjoy the comfort and
safety of GLASAL tunnels all over the world*.

GLASAL offers advantages to tunnel constructors ,
operators and users by combining the unique
characteristics needed for such heavy duty application :

*Hard, smooth surface allowing mechanical and high -
pressure washing.

*Excellent optical properties offering perfect diffusion of [ Tunnel "CHONGQING", China

light (no dazzle, no glare)

*Easy installation, easy maintenance , low operation cost
EASY : installation

maintenance

*Totally non-corrosive composition

*Totally non-combustible material
SAFE : guidance for drivers

*Non-toxicity in the event of fire

brightness

non -combustible
DURABLE : non-rotting

humidity resistant

excellent lifetime

frost resistant

resistance to dynamic forces

hard surface (enameled)

color stability
ATTRACTIVE: architectural design

valuable

esthetical

GLASAL an economical solution : fair purchasing price for a high quality lining that reduces the
tunnel exploitation costs.

GLASAL an ISO 14001 manufactured product.

* reference list available upon request

Y/
7
Eternlt an €t crove ¥ company




