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VAZENI CTENARI,
VAZENiI KOLEGOVE,

pravé jste otevieli dasopis Ceského tune-
lafského komitétu a Slovenského tunelar-
ského komitétu ITA/AITES v nové jazyko-
vé Upraveé, poprvé v ¢eské a anglické jazy-
kové mutaci.

Tim jej posilame do svéta, aby rozsifil a zlepsil komunikaci
mezi nasimi tunelafi a profesnimi kolegy z jinych zemi.

A nejen to. Soucasné timto krokem chceme pfipomenout
nadchéazejici pétadvacaté vyroci vzniku nasi materské spo-
le€nosti ITA/AITES, ktera dnes sdruzuje tunelarské odbor-
niky ze 45 c¢lenskych zemi, z 84 pfidruzenych organizaci
a dalsich 177 jednotlivc(.

Uplynulé &tvrtstoleti pFineslo v Ceské i Slovenské republice
znovuvzkfiseni naseho tunelarstvi. Dokladem toho je
i potfeba platformy pro vyménu zkuSenosti, védeckych
poznatkd a jejich uplatnéni v tunelarské praxi, ktera vedla
v roce 1982 k ustaveni Ceskoslovenského, pozdéji Ceské-
ho a Slovenského tunelafského komitétu. Zaslouzil se o to
pfedevsim stavebni podnik METROSTAV a dalsi podniky
zainteresované na vystavbé prazského metra.

Od té doby se mnoho zménilo, nasi inzenyfi a technici se
mohou prezentovat ve svété na odbornych kongresech
a konferencich, mohou publikovat v zahraniéni literature
a informovat o nasich problémech v podzemnim stavitelstvi
a naSich zkusenostech. Pfesto mam dojem, ze téchto moz-
nosti velmi malo vyuzivaji. | k tomu ma pfispét dvojjazycné
éislo naSeho Casopisu: dodat odvahy tém, ktefi dosud
vahaji s dopisovanim do cizojazy&nych ¢asopisl, podpofit
jejich sebevédomi a zvétsit jejich aktivitu.

Jsem pfesvédcen o stale rostoucim vyznamu podzemniho
stavitelstvi, o jeho rychlém rozvoji a Sirokych perspekti-
vach. Jeho nezastupitelna funkce se bude stale vice uplat-
rovat napf. v podzemnim urbanismu a pfi nutném rozsifo-
vani infrastruktury velkomést do podzemi. K tomu bude
zvlast tfeba zrychlit tok informaci a zkugenosti mezi odbor-
niky a to nejen tunelarskych profesi.

Véfim, ze prvni Cesko-anglické vydani naseho dasopisu
nebude posledni, ze pfilaka i zahraniéni autory k zajima-
vym pfispévkim a usnadni tak nasim tunelafim seznamit
se rychle s aktualnimi novinkami z nasi profese.

DEAR READERS,
DEAR COLLEAGUES,

you have just opened the journal of the
Czech Tunnelling Committee and of the
Slovak  Tunnelling  Committee  of
ITA/AITES in a new language arrange-
ment, the first time in the Czech and
English version.

In this way we send it to world for it to widen and to impro-
ve the communication among our tunnelling experts and
profession colleagues from other countries.

Besides that, at the same time, we want to recall the just
coming twenty fifth anniversary of our mother company
ITA/AITES which now associates tunneling specialists from
45 member countries, from 84 associated companies and
further 177 individuals.

The passed quarter of the century brought both to the
Czech Republic and Slovak Republic a revival of our tun-
nelling engineering, which resulted in the need of a platform
for exchanging experience, scientific knowledge and their
application in the tunnelling practice. That is why in the year
1982 the Czechoslovak and later the Czech and Slovak
Tunnelling Committee were established, especially thanks
to the construction company METROSTAV and other
enterprises involved in building up the Prague Metro.
Since that time, many changes took place. Our specialists
and engineers can present themselves in professional con-
gresses and conferences, they can publish in foreign jour-
nals and inform about our problems concerning the underg-
round engineering and about our experience. In spite of it,
I have a feeling that they utilize those possibilities in a poor
extent. This bilingual issue of our journal is designed to
improve said situation, to pluck up courage to those who
still hesitate to write articles to foreign journals, to support
self-confidence of such authors and to increase their
activity.

I am persuaded of a still increasing importance of the
underground engineering, of its fast development and wide
perspectives. lts non-replaceable function will be applied
more and more, e.g. in the underground town-planning and
at the needed extending of the municipal infrastructure to
underground. For that reasons it will be necessary to acce-
lerate the flow of information and experience among speci-
alists, viz. not only of tunnelling professions.

| believe that the first Czech — English issue of our journal
will be not the last one, that it will allure even foreign aut-
hors to send us their interesting articles, and that, in this
way, it will enable for our tunnelling engineers to be infor-
med without any delay about topical novelties of our pro-
fession.

Ing. Jindfich Hess
pfedseda Ceského tunelaiského komitétu
Vice-prezident ITA/AITES
Chairman of the Czech Tunnelling Committee
Vice-President of ITA/AITES
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POHLED NA VYVOJ CESKEHO PODZEMNIHO STAVITELSTVI
ZA POSLEDNICH 35 LET OCIMA FIRMY SUBTERRA A. S.

LOOK AT THE DEVELOPMENT OF THE CZECH UNDERGROUND
ENGINEERING DURING THE LAST 35 YEARS FROM THE POINT
OF VIEW OF THE FIRM SUBTERRA A. S.

ING. MIROSLAV UHLIK, SUBTERRA, A. S.

RENEZANCE PODZEMNIHO STAVITELSTVI

Po dokonéeni podzemnich objektd na vodnich dilech Lipno, Flaje a Kruzberk
prozival u nas po nékolik let obor podzemniho stavitelstvi uréitou stagnaci. Zajem
se oZivil az v roce 1964 v souvislosti s feSenim nového zdroje pitné vody pro
Prahu a s pfipravou prazského metra. Podniky resortu stavebnictvi nemély prak-
ticky zadné tunelafské kapacity, takze nabidka Uranovych dold Pfibram na vy-
budovani 50 km $toky v redlném Case a za piijatelnou rozpoétovou cenu umoz-
nila velkoryse feseni problému, které bylo nakonec pfijato a realizovano. Tehdy
vznikla nova organizace, pfedchldce dnedni akciové spolecnosti SUBTERRA.

V dal$im obdobi se na zakladé pozitivnich zkugenosti z Vodniho dila Zelivka
objevily nové projekty jako $tolové pfivadéce na vodarenskych soustavéch, pod-
zemni objekty na piehradach, razené kanalizace, kolektory, podzemni Cistirny
odpadnich vod, prazské metro, podzemni pfeCerpavaci elektrarna i silniéni a Ze-
lezni¢ni tunely. Vznikly nové specializované firmy na podzemni stavby jako napf.
Metrostav, VKD Kladno, specializované zavody Vodnich staveb, Vojenskych sta-
veb, Ingstavu Brno a dalsi.

V té dobé se u nas zavadély nové tunelarské technologie. Subterra napf. po-
fidila moderni vrtaci a nakladaci techniku, injektaZni soupravy, teleskopicka bed-
néni a zejména plnoprofilové razici stroje. V dalsi etapé byl pak technologicky
park rozsifen o dalsi techniku z dovozu i z vlastniho vyvoje. Byly to stroje s fré-
zovacimi hlavami na vylozniku, bezkolejova mechanizace, ploSiny pro razbu $ik-
min, velkoprofilové soupravy pro vrtani jam a dalSi zafizeni.

Velké zkugenosti z tuzemskych staveb pfispély k tomu, Ze v roce 1989 ziska-
la Subterra zakazku na provedeni dalnich dél ve Spanéiské Asturii, kde i pfes ur-
¢ity Gtlum v investovani ze strany $panélského investora plsobi doposud. V po-
slednich letech byla Subterra Uspésna svymi stavebnimi pracemi v Némecku, ze-
jména na vystavbé silni¢niho tunelu Léwenherz, ktery je soucasti obchvatu més-
ta Annweileru. Nebyly to v8ak prvni zahraniéni zkusenosti podniku; jiz pfed tim
stavél v jugoslavském Kosovu a technicky kooperoval s némeckou firmou
Schachtbau Nordhausen.

Subterra ma od roku 1985 trvalé sidlo v Praze 4, jeji odstépné zavody sidli
v Praze 8, na Zbraslavi a v TiSnové. Dnes patfi mezi nejvétsi stavebni firmy
v Ceské republice se Sirokym vyrobnim programem v oboru inzenyrskych i ob-
¢anskych staveb.

Jak jiz bylo feCeno, specializované kapacity pro podzemni stavitelstvi vznika-
ly ¢asto na pGdé banského primyslu. Bylo tomu tak i v davné minulosti, coZ ze
dokumentovat na pfikladu Rudolfovy toly v Praze, kterou na konci 16. stoleti vy-
razili pfevazné kutnohorsti havifi a jejich mistfi. Pfesto se oba obory, podzemni
stavitelstvi a hornictvi, postupné oddélily, coz bylo zplsobeno hlavné jejich od-
lisnym poslanim, rlznym ¢asovym vyuzitim jejich produktl a v neposledni fadé
i rozdilnymi ekonomickymi kritérii. V sou¢asné dobé je patrmé vzajemné oboha-
covani téchto oborll vysledky technického rozvoje, bezpecnostnimi i personalni-
mi zkusenostmi. Ceskoslovensky uranovy priimys! v dobéch svého nejvétsiho
rozvoje disponoval poéetnym, velmi zkusenym personalem. Diky spoletenské
objednavce tito déinici a technici dostali mozZnost se prekvalifikovat v odborné tu-
nelafe a vytvofili zéklad spole¢nosti Subterra.

Od poloviny Sedesatych let Ize vysledovat v ndsledujicim obdobi tfi ¢asové vI-
ny. Prvni se tykala regionalni infrastruktury, kdy tunelafské technologie pfinesly
feseni mnoha Ukoll v z&sobovani vodou, likvidaci odpadnich vod i v energetice.
Druha vina sehrala podstatnou roli v méstské infrastruktufe, ve které podzemni
stavitelstvi dominovalo v pfipadé metra, kolektor(t a kmenovych stok. Teti vina
pravé probihd a jejim pfedmétem jsou dopravni tunely. Samoziejmé je patrné
prolinani véech téchto etap.

PODZEMNI OBJEKTY VE VODNiM HOSPODARSTVI A ENERGETICE

VODNi DILO ZELIVKA

Po desetileté investicni a projektové pfipravé bylo dilo v zakladnim rozsahu
vybudovano v obdobi 1965—1972, Sklada se z hydrotechnického komplexu, kte-
ry obsahuje mj. piehradni hraz na fece Zelivce u Svihova a z vodarenského kom-

RENAISSANCE OF THE UNDERGROUND ENGINEERING

After having completed underground structures on the water works Lipno,
Flaje and Kruzberk, the underground engineering branch was subject to a certa-
in stagnation. The interest was revived in the year 1964 in connection with a pro-
blem to solve a new source of drinking water for Prague and with the preparati-
on of the Prague Metro. Enterprises of the building industry have in fact no tun-
nelling capacities, therefore the offer of the Uranové doly Piibram for building up
a 50 km long gallery in a real time period and for an accepiable estimated price,
enabled to solve said problem in a broad-minded way, which was accepted and
realized at last.

At that time there was established a new enterprise, the predecessor of the
today's joint-stock company SUBTERRA.

In the next period, on the basis of positive experience in the water work Zeliv-
ka, there appeared new projects, such as gallery conduits in waterworks sys-
tems, underground structures in water dams, driven sewers, utility tunnelfs, un-
derground sewage treatment plants, Prague Metro, an underground pumped sto-
rage plant, as well as road tunnels and railway ones. There were established
new specialized firms for underground structures, such as Metrostay, VKD
Kladno, specialized plants of the firms Vodni stavby, Vojenské stavby, Ingstav
Brno, and other ones.

At that time there were introduced in our country new tunnelling technologies.
Subterra, e.g., was provided with a new boring and loading mechanisms, injec-
ting equipment, telescopic forms and particularly full face driving machines.
During the next stage, the technological outfit was completed by further machi-
nery from export, as well as in connection with the own development. They we-
re machines with milling heads mounted onto a jib, railless mechanization, plat-
forms for driving oblique profiles, large profile machines for boring pits, and furt-
her equipment.

Rich experience, gained in infand building works, caused that the firm
Subterra oblained, in the year 1989, a contract to perform mining works in Spain
Asturia, where, in spite of a certain loss in investment as to the Spain investor,
the firm is functioning till the present time. The company Subterra was success-
ful, within the last years, in building works in Germany, particularly at the building
up of the road tunnel Léwenherz, which forms a part of the by-pass road of the
town Annweiler. But it was not the first foreign experience of the enterprise.
Previously, the firm was building in Yugoslavian Kosovo and cooperating in
a technical way with the German firm Schachtbau Nordhausen.

The firm Subterra has its Registered Office in Prague 4 since 1985, its subsi-
diary plants are located in Prague 8, Zbraslav and Tisnov. Today, they are ran-
ked among the biggest building firms in the Czech Republic, having a large pro-
duction programme in the sphere of engineering and civil constructions.

As it has been already mentioned, specialized capacities for underground en-
gineering had been established in connection with the mining industry. It was the
same in the ancient past as well, which can be documented by means of the
example of the Rudolf's Gallery in Prague which was driven mostly by miners of
Kutna Hora and their specialists at the end of the 16th century. In spite of this
fact, both branches, i.e. the underground engineering and the mining, were se-
parated step by step, which was caused mostly by their different purpose, diffe-
rent time of utilization of their products, and, but not at last, by different econo-
mic criteria. In the present time there is evident a mutual enriching of said bran-
ches by results of the technical development, safety experience and personnel
ones. The Czechoslovak uranium industry, in the time of its highest develop-
ment, has very experienced personnel at disposal. Due to social requirements,
said workers and technicians got a possibility to be requalified in specialized tun-
nellers and in this way they formed the basis of the company Subterra.

From the half of the sixties there may be followed three time stages. The first
one concerned the regional infrastructure, when tunnelling techniques solved
many tasks in the water supply, in liquidating sewage and in power industry. The
second stage had a great importance in a municipal infrastructure, in which the
underground engineering dominated in case of metro, utility tunnels and main
sewers. The third stage takes place just now, and it concerns transport tunnels.
Of course, mutual permeation of all said stages is evident.
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2.
Pfederpavaci elektrarna Dlouhé Strané — odlom portalu
Diouhé Strané pumped storage plant - portal excavation
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plexu, jehoz vyznamnym objektem je Stolovy privadés pitng vody z Upravny
u Soutic do vodojemu u Jesenice.

Stola ma délku 51,1 km, svétly pramér 264 cm, tvar kruhovy, osténi z mono-
litického betonu, projektovanou kapacitu 6000 I/sec.

Celkovy obsah vylamané hominy ze Stoly 505 522 m?, uloZeného betonu
250 000 m", pocet pracovnich Gsekil pi razbé 14, technologie razby konvenéni
pomoci trhavin. Po frase je fada objektl na prechodech vodnich tok( a sachtic
pro llakove vyrovnani a odbér vody.

Prace na Stole se vyznaGovaly vysokymi mésfcnimi vykony pfi razbé | beto-
nazi, dokonalym méfickym vedenim, ale | nepfedvidanymi potizemi z divod(
misinich geologickych anomalif, které mély dopad na cenu i smiuvni terminy.
V zavéru roku 1972 po odstranéni dvou provoznich poruch byl pfivadéé uveden
do trvalého provozu a od 1é doby spolehlivé slouZi,

OBLASTNI ZASOBOVANI PITNOU VODOU

V sedmdesatych a osmdesétych letech probihala témér ve viech krajich v Ce-
chach a na Moravé rozsahla vystavby oblastnich vodarenskych soustav.
Extenzivni hospodafeni s vodou, zplisobené mimo jiné I jeji zanedbatelnou ce-
nou, vyvolalo potfebu stavéni novych kapacit vesmés z povrchovych zdroji.
Soucasti téchto staveb byly | podzemni objekly a Sublerra se na viech podilela.

BYLY TO TYTO STAVBY:

— Oblastni vodovod Pfise¢nice pro zasobovani Chomutovska,
~ Bfezovsky pfivadé¢ pro Brno,

Vodni dilo Stanovice pro Karlovy Vary,

Vodni dilo Rimov pro zasobovani Ceskych Budé&jovic,

— Vodni dilo Josefiiv DUl pro libereckou oblast,

Vodni dilo Slezské Harta pro severni Moravu,

— Virsky oblastni vodovod pro jizni Moravu.

Podzemni objekty na téchto stavbach mély spoleény liniovy charakter, vétsi-
nou kruhovy pfiény profil 2,1-3,5 m, betonové osténi. Sio bud o tlakové stoly ne-
bo o Stoly pro pokladku vodovodniho potrubi. Potinaje tlakovou stolou na
Piisecnici, kde byl poprvé u nés nasazen pinoprofilovy razici stroj, byla tato tech-
nologie razby aplikovana vSude tam, kde to bylo mozné. Celkové vyrazila
Subterra razicimi stroji na téchto dilech pres 60 km $tol.

RAZENE KANALIZACNI SBERACE A PODZEMNI CISTIRNY ODPADNICH VOD
Zvladnuti tunelafskych technologii prakticky ve v3ech geologickych podmin-

kach bylo impulsem pro projektanty kanalizaénich siti, aby v méstské zastavbé

nebo v Clenitém terénu extravilanu navrhovali razené kanalizaéni shérade.

Subterra ma tento typ staveb ve vyrobnim programu od roku 1971. Do dnesni do-

by realizovala tyto hlavni stavby:

- Kmenova stoka K v Praze,

— Nadsidlistni kanalizatni sbéra¢ pro Jihozapadni mésto v Praze,

Soubor sbéraél v oblasti Barrandov,

— Sidlistni kanalizace Cimice, Petrovice, Lhotka-Libug, Postovka, Hrdlofezy,
Cerny Most aj.,

- Levobfezni kunraticky shérag,

— Sbérag pro sidli§té Brno-Lisers,

3.
Pfecerpavaci elektrama Diouhé Strané- pFistupovy tunel
Dlouhé Strané pumped storage plant — acces tunnel

UNDERGROUND CONSTRUCTIONS IN WATER MANAGEMENT
SUPPLIES AND POWER ENGINEERING

ZELIVKA WATER WORK

After a ten-year investmenl and project preparation, the work was built in the
basic extent within the period 1965 to 1972. It consists of a hydrotechnical com-
plex which comprises, besides other, the dam on the river Zelivka at Svihov and
the water trealment complex, the important siructure of which is a gallery aque-
duct from the filter plant at Soulice to the waler reservoir at Jesenice.

The gallery is 51,1 km long, the inner diameter is equal to 264 cm, the shape
is round, the lining is made of monolithic concrete, the designed capacity is re-
presented by 6000 liters per sec.

Tolal volume of excavated rocks from the gallery was 505 522 cub.m, of app-
lied concrete 250 000 cub.m, there are 14 driving sections, the driving technique
is usual, i.e. by means of explosives. The whole alignement is provided with ma-
ny struclures needed for passing rivers, and with shafts both for pressure com-
pensation and for water taking.

Works in the gallery were characterized by a high monthly output at driving
and concreting, by an excellent surveying, but also by unexpected troubles cau-
sed by local geological anomalies which also affecled the price and the contrac-
lual terms. At the end of the year 1972, after having removed two operational de-
fects, the waler conduit was set into permanent operation and from that time it
has been serving reliably.

REGIONAL SUPPLIES WITH DRINKING WATER

In the seventies and eighties there was performed, nearly in all regions in
Bohemia and Moravia an extensive developement of regional waterworks sys-
tems. An extensive water consumplion, caused, besides other, by its neglectab-
le price, resulted in the need to buitd new capacities ulilizing mostly surface sour-
ces. Even underground works formed a part of said constructions, and the com-
pany Subterra took part in all of them.

THERE WERE THE FOLLOWING STRUCTURES:
— regional water main Pifsecnice for supplying the Chomutov region,

5.
Primarni kolektor — Brno
Primary utility tunnel — Brno
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- Kanalizaéni sbéra¢ Jablonec-Liberec,
Shéraé A v Karlovych Varech,

~ Stoka C v Bré,

— Napojeni na COV Hradec Krélové,

— Sbérad Y v Usti nad Labem.

Vyvoj technologii vystavby na téchto razenych kanalizacich ved! od konveng-
ni razby pfes pouZiti razicich strojii plnoprofilovych nebo s frézou na vylozniku az
po prvni nasazeni tunelovaciho systému fizeného mikrotunelovani u nas od ja-
ponské firmy ISEKI v Usti nad Labem. Vyvinuly se i rizné zpUsoby definitivniho
osténi s ohledem na ochranu proti korozi.

Nedostatek vhodnych pozemkii pro vystavbu novych Eistiren odpadnich vod
v okoli velkych sidlisf ¢i v chranénych Uzemich a snaha eliminovat jejich nepfi-
jemné vlivy na Zivotni prostiedi vede projektanty, zatim v ojedinélych pripadech,
k umistovani téchto staveb do podzemi. Subterra postavila prvni dvé takové &is-
tiry u nas, a to:

- GOV v Peci pod SnéZkou,
— COV v Lokti nad Ohf.

PODZEMNI PRECERPAVACI VODNI ELEKTRARNA DLOUHE STRANE

Rozsahly soubor staveb PVE Dlouhé Strané prochazel velmi slozitym vyvo-
jem. Pripravna dokumentace se zadala zpracovavat jiz koncem 60. let, vlastni
stavba byla zahajena v roce 1978, uvedeni do provozu probéhlo v roce 1994,
Z toho je patmné, ze thita vystavby presahla bézné normy. Je to zpUsobeno
mnoha vlivy, zejména zménami energetickych koncepci, technického feseni, ne-
dostatkem prostiedk( a z toho plynoucim zafazenim stavby do ,,itlumového pro-
gramu, atd. Pfesto se vzdy pfistupovalo k technické pfiprave jednotlivych fazi vy-
stavby tak, aby délka trvani jednotlivych éinnosti byla co nejkratsi, tak fikajic na
Urovni doby. Tak byl na piiklad vymezen ¢as pro vylom a statické zajisténi ka-
verny hydrocentrély na 24 mésicl a Subterra jej dodrzela.

Jde o jedno z nejvyznamnéjich dél v historii spolenosti Subterra. Tato elek-
trarna byla postavena v severomoravském regionu v Jesenikdch pobliz masivu
Pradéd. Dolni nadrz je vytvofena novou Udolni piehradou na fiéce Divoka
Desna, homi nadrz leZi v sedle horského hiebenu mezi vrcholy Dlouhé strané
a Mravenecnik. Vlastni PVE vcetné pfivadééli je umisténa do podzemi.
Elektrara je vybavena dvéma reverznimi soustrojimi o vykonu 2 x 325 MW, hyd-
raulicky spad je 525 m.

~
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6.
Tunely na Prazské radiale
Road tunnels — Brno

- water conduit Bfezova for Brno,

— waler works Stanovice for Karlovy Vary,

~ water works Rimov for supplying water to Ceské Budgjovice,
— water works Josefilv Dul for the Liberec region,

— water works Slezska Harta for the Northern Moravia,

~ Vir regional water mains for Southern Moravia. -

Underground works for said constructions have a common line character,
mostly of a round cross profile with dia 2.1 to 3.5 m, with a concrete lining. It con-
cerned pressure galleries or galleries for laying down water piping. Starting with
the Pfisecnice pressure gallery, where a full profile driving machine (TBM) was
applied for the first time in our country, this driving technology was applied any-
where it was possible. The total length of galleries driven by the firm Subterra by
means of TBM in said parts was equal to more than 60 km.

DRIVEN TRUNK SEWERS AND UNDERGROUND SEWAGE
TREATMENT PLANTS

To get through with tunnelling technologies, in fact in all geological conditions
formed a stimulation for designers of sewerage networks, that they may design
driven sewers collectors in the municipal built-up space or in an articulated free
ground. Such a type of constructions was included in the production plan of the
firm Subterra from the year 1971. Till the present time, the firm realized the fol-
lowing main structures:

— trunk sewer K in Prague,

— overhousing estate sewer for the South-Western City in Prague,

— sewerage system in the Barrandov area,

— housing estate sewerage Cimice, Petrovice, Lhotka—Libus, Postovka,

Hrdlofezy, Cerny Most, elc.,

— left bank Kunratice sewer,

— main sewer for the housing estate Brno-Lisen,

- trunk sewer Jablonec—Liberec,

— sewer A in Karlovy Vary,

— sewer C in Brno,

— connection to the sewage treatment plant Hradec Krélové,
— sewer Y in Usti nad Labem.

The development of the construction techniques in said driven sewers was di-
rected from a usual driving, through applying TBM, or with a roadheader, up to
the first application of a controlled microtunnelling in our couniry using the
Japanese firm ISEKI system in Uslti nad Labem. There were also developed va-
rious methods of a final lining with respect to the protection against corrosion.

A lack of suitable plots for building up new sewage treatment plants near lar-
ge housing estates or in protected areas, and the endavour to eliminate their
unpleasant effects to the environment, affects designers, for the time being in
unique cases, to locate said constructions under the ground. The firm Subterra
built first two such water treatment plants in our country, viz.:

— sewage treatment plant in Pec pod Snézkou,
— sewage treatment plant in Loket nad Ohfi.

1.
Kanalizacni sbéra¢ Jablonec-Liberec
Trunk sewer Jablonec—Liberec
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Subterra dodala tyto podzemni objekty:
— objekt uzavérd horni nadrze,
— pfivadéée ¢, 1 a2 o délce 2 x 1507 m,
— podzemni hydrocentralu o rozmérech 25 x 87 x 50 m,
— kavernu traf o rozmérech 117 x 16 x 21 m,
— odpadni tunely €. 1 a 2 v celkové délce 570 m,
— komunikaéni tunel dlouhy 238 m o profilu 43 m?,
— pfistupovy tunel dlouhy 740 m

a dalsi menéi liniova dila, jako je obtokova Stola, vétraci stola aj.

Spoleénym jmenovatelem pouZité technologie bylo masivni nasazeni nejmo-
derné&ji bezkolejové mechanizace pro vrtani, nakladani a dopravu zapadni pro-
venience. Specialnim problémem byla razba Sikmin na pfivadééich se sklonem
45° o délce 2 x 740 m a raZzeném profilu 18 m?. Bylo pouZito zafizeni Groundhog
— GLH Alimak na zavésné dopravni draze. Se véemi témito novymi technologie-
mi se Subterra vyrovnala, odevzdala dilo véas a v dobré kvalité. Dnes tvofi tato
elektrara dulezitou soucast nasi elektrizacni soustavy.

PODZEMNi OBJEKTY V MESTSKE INFRASTRUKTURE

Kromé vodohospodafskych objektl, které byly zminény v piedchazejici stati,
zahmuje méstska infrastruktura jesté dalSi podzemni objekty. Jde o objekty pro
dopravu, parkovani, rozvod elektrické energie a vicelcelové podzemni trasy zva-
né kolektory. K tomu mohou pfistoupit jesté objekty pro skladovani, sport, kultu-
ru a dalsi vyuziti, jak lze spatfit na priklad v Norsku, USA i jinde.

Subterra postavila v Praze sit’ kabelovych tunell pro rozvod elektrické ener-
gie o napéti 110 a 22 kV a od roku 1974 staviv Brné a v Praze kolektorové systé-
my.

KABELOVE TUNELY

Kabelové tunely v Praze budované v letech 1971 az 1985 maiji celkovou dél-
ku 15 km, kruhovy profil o priméru 216-264 cm, betonové osténi ¢asteéné s me-
zolehlou izolaci proti vodé&. Byly raZzeny konvenénimi technologiemi i pomoci pl-
noprofilovych razicich strojl. Na nékteré vertikalni objevy bylo pouzito velkopro-
filové vrtné soupravy Salzgitter.

KOLEKTORY

Pro ukladani hlavnich rozvodi vody, tepla, elektrické energie, plynu a spojo-
vych kabelll se v centru velkych mést stavi systém kolektorti. Subterra takové
systémy dodava v Brné a v Praze od roku 1974 do soucasnosti. Podle vyznamu
ulozenych siti se kolektory rozdéluji na primarni (v Praze se uziva termin 2, ka-
tegorie) a sekundami (3. kategorie). Pro 1. kategorii jsou v Praze vyhrazeny tran-
zitni trasy hlavnich rozvod( pod méstem, k jejichZ realizaci dosud nedoslo.

Systém primarnich kolektor(t v Brné obepina svym jednim okruhem historické
jadro mésta, druhy okruh je veden blize primyslové zény. V soucasnosti je v pro-
vozu cca 7 km tras. Ty jsou vedeny v hloubce 20 az 30 m pod terénem a majf
pii€ny profil obdobny jako prazské metro o priméru 5,1 m. Na trasach jsou tech-
nické komory a Sachty, provoz je zabezpefen automatickymi prvky a fizen
z centrélniho velinu. Sekundarni kolektory v Brné respektuijf stavajici kanalizaéni
sit, ktera je do nich svedena, takZe jsou umistény v mensich hloubkéch a odbo-
¢uji z jich jednotlivé domovni pfipojky.

V Praze jsou kolektory 2. a 3. kategorie fedeny nezavisle na kanalizaéni siti.
Jejich hloubka uloZeni je dana geologickymi a provoznimi podminkami a pohy-
buje se pod drovni 15 m. Pouze nékteré trasy kolektord tfetl kategorie jsou ra-
Zeny v pokryvnych Utvarech. Generel vystavby kolektorl uvazuje s 30 km tras,
zatim je realizovana zhruba polovina. Pfi vystavbé byly pouzity obdobné techno-
logie jako u ostatnich liniovych dél provadénych spoleénosti Subterra, navic byl
nasazen v jednom Useku noZzovy §tit Westfalia, ktery se véak ve sloZitych pod-
minkdch neosvédsil. Program vystavby kolektorll v Praze pokracuje, Subterra
ma v tomto oboru neocenitelné zkusenosti, coz ji stavi mezi soutasné i potenci-
onalni vitéze ve vefejnych soutéZich.

DOPRAVNI TUNELY

Subterra se v letech 1979-1983 zu¢astnila pfipravy Strahovského tunelu.
Realizovala priizkumnou Stolu, vlastni stavba vSak byla administrativnich roz-
hodnutim zadéna jinému podniku.

Po 15 letech dodlo k zahdjeni druhého méstského automobilového tunelu
v Ceskeé republice. V soutéZi na jeho dodavku zvitézila Subterra, protoze se mo-
hla mimo jiné prokazat kladnymi referencemi z obdobné stavby v Némecku. Jde
o tunel na trase vnéjsiho dopravniho okruhu v Bmé zvané Prazska radidla. Tunel
dalniéniho typu ma dvé roury o déice 2 x 500 m, z toho cca 40 % je hloubena
¢ast. Razeny piicny profil podkovovitého tvaru ma rozméry 13 x 8,5 m. Byl pro-
veden pomoci Nové rakouské tunelovaci metody. Osténi je betonové s mezileh-
lou izolaci proti vodé. Plocha vyrubu jedné roury Cinila 95 me. Pruni ¢ast stavby
byla uvedena do provozu v zavéru roku 1997. S jistotou Ize tvrdit, Ze s témito pa-
rametry a rozméry nebylo dosud v Ceské republice takové dilo provedeno. Svym
fedenim odpovida nejmodernéj$im stavbam tunelli v takové tradiéni tunelarské
zemi, jako je Svycarsko.

V roce 1998 ma byt zahéjena dalsi stavba méstského automobilového tunelu
v Praze. Tou je tunel Mrazovka, ktery navazuje na jizni vydsténi Strahovského
tunelu. Ve vefejné soutézi na tuto stavbu opét zvitézila spolecnost Subterra a. s.,
tentokrat ve sdruzeni s Metrostavem.

DLOUHE STRANE UNDERGROUND PUMPED STORAGE POWER PLANT

An extensive scheme of the pumped storage power plant called Dlouhé
Strané was subject to a very complicated development. The beginning of the do-
cumentation preparation took place at the end of sixties, the proper building star-
ted in the year 1978, and the work was set into operation in the year 1994. It is
evident that the term of the building up crossed usual standards. It was caused
by many influences, especially by changes of conceptions of power and their
technical solutions, by a lack of financial means resulting in comprising the buil-
ding into a “damping programme”, efc. In spite of it, the technical preparation of
individual parts of the building up phases was organized in such a way that the
duration of individual activities is as short as possible, so called at the up-to-da-
te level. In this way, e.g., there was determined the term for excavation and sup-
port of the hydro-electric power station cavern, viz. 24 months, and the firm
Subterra performed it.

It concerns one of the most important works in the history of the company
Subterra. Said power station was built in the Northern Moravia region, in
Jeseniky, near the mountain massif Pradéd. The lower reservoir was formed by
a new dam on the river Divoka Desna, the upper reservoir is situated in the sadd-
le of the mountain ridge between summits of the mountains Dlouhé Strané and
Mravenecnik. The proper repumping hydro-electric power plant, including con-
duits, is situated in underground. The power station is equipped with two rever-
se generating sets, having the output of 2 x 325 MW, the gradient head in equal
to 525 m.

The company Subterra delivered the following underground structures:

— obturator building of the upper reservoir,

— headraces No. 1 and 2, being 2 x 1507 m long,

- underground hydro-electric power station of dimensions: 25 x 87 x 50 m,
— cavern for transformers of dimensions: 117 x 16 x 21 m,

~ discharge tunnels No. 1 and 2, total length 570 m,

— communication tunnel, 238 m long, profile: 43 n¥,

~ acces tunnel, 740 m long

and other smaller line works, such as a bypass gallery, ventilation gallery and
the like.

The common feature of the applied technology was a mass application of the
most up-to-date railless mechanization for boring, loading and transport of the
West production. Driving operations of inclined headraces of conduits, with the
incline of 45° 2 x 740 m long and driven profile of 18 n?, represented a special
problem. There was applied the equipment Groundhog — GLH Alimak on a sus-
pension transport way. The firm Subterra got through with all these new techno-
logies and handed over the work in time and in a good quality. Said power plant
forms today an important part of our electric power system.

UNDERGROUND CONSTRUCTIONS IN THE MUNICIPAL
INFRASTRUCTURE

Besides water supply buildings which were mentioned in the previous text, the
municipal infrastructure comprises other underground structures as well. It con-
cerns constructions for transport, parking, distribution of electric power and mul-
ti-purpose underground routes, called utility tunnels. To that there may also co-
me in question buildings for storage, sports, culture and for other utilization, as
they can be seen e.g. in Norway, USA, and in other countries.

The firm Subterra built up in Prague a network of cable tunnels for distributi-
on of electric power, voltage: 110 and 22 KV, and from the year 1974, the firm is
building collector systems in Brno and Prague.

CABLE TUNNELS

Cable tunnels in Prague, built within the years 1971 to 1985, are of the total
length 15 km, circular profile of the diameter 216 to 264 cm, concrete lining, par-
tially with an interlying insulation against water. They are driven by means of usu-
al technologies, as well as by means of full profile driving machines. As to some
vertical buildings there were applied large profile boring machines Salzgitter.

UTILITY TUNNELS

For laying main distribution lines of water, heal, electric power, gas and com-
munication cables in the cenire of large towns, there is built a system of utility
tunnels. The firm Subterra has delivered such systems in Bmo and Prague from
the year 1974 up to now. With respect to the importance of laid networks, ulility
tunnels are classified as primary (in Prague there is used the ferm 2nd catego-
ry) and secondary (3rd category). For the first category, in Prague there are re-
served transit tracks of main distribution lines under the town, but they have not
been realized so far.

One circle of the system of primary utility tunnels in Brno goes round the his-
lorical cenlre of the town, the second circle is led near the industrial zone. Al pre-
sent there are in operation about 7 km of the route. They are led in the depth of
20 to 30 m under the ground, and they have a cross section analogous as the
Prague Metro, of the diameter 5.1 m. The lracks are provided with technical
chambers and shafts, the operation has been ensured by means of automatic
elements and conirolled from the central control room. Secondary utility tunnels
in Bro respect the existing sewerage network which is entered inle them, so that
they are placed in smaller depths and individual house services are joined to
them.

In Prague, utility tunnels of the 2nd and 3rd category have been solved inde-
pendently, i.e. with no respect to the sewerage network. Their depth of placing
depends upon geological and operational conditions and takes place under the
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ZAVER

Subterra a. s. vznikla z pavodni organizaéni jednotky Ceskoslovenského ura-
nového primyslu pfed 35 lety. Na uvedenych prikladech bylo ukazano, ze po-
kracuje v téch nejlepsich tradicich eského podzemniho stavitelstvi, které se vy-
vinulo v dobé& budovani Zelezniéni sité na nagem Uzemi a pfispélo na mnoha dal-

Sich stavbach aZ do padesatych let nageho stoleti. Dnes podzemni stavitelstvi

predstavuje rozvinuty obor, ktery umoZiiuje véestranné vyuziti podzemi a piispi-
va k ochrané Zivotniho prostiedi.
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Kolektor IlI. kategorie — Praha
Distribution utility tunnel — Praha

15 m level. Only some routes of the third category are driven in covering layers.
The master plan of the construction takes into consideration 30 km of routes, but
lill the present time about one half was realized. For the construction there were
applied techniques technologies as at other line works performed by the compa-
ny Subterra, more over in one section there was applied a driving shield
Westfalia which was not successful in complicated conditions. The program for
utility tunnels construction in Prague goes on, and the firm Subterra has invalu-
able experience in this branch which ranks it simultaneously in the position of
a potential winner of public tenders.

TRANSPORT TUNNELS

The company Subterra took part in preparations of the Strahov tunnel within
the years 1979 to 1983. It realized an investigation gallery, but the proper con-
struction was ordered at another firm according to the administrator's decision.

After 15 years there was started the work on the second municipal road tun-
nel in the Czech Republic. In the public tender, the firm Subterra was a winner,
because it could prove, besides other, positive references concerning an analo-
gous structure in Germany. It concerns the tunnel on the route of the external
transport circle in Brno, called Prague radial road. The tunnel of a motorway ty-
pe has two tubes 2 x 500 m long, of which about 40 per cent is represented by
a cut-and-cover part. The driven cross profile of a horsehoe shape is of dimen-
sions 13 x 8.5 m. It was performed by means of the New Austrian Tunnelling
Method. The lining is concrete with an interlying insulation against water. The ex-
cavated cross section area of one tube was 95 n?. The first part of the structure
was set info operation at the end of the year 1997. It may be affirmed with cer-
tainty, that such a work with such parameters and dimensions was not preformed
in the Czech Republic so far. Its solution corresponds with the most up-to-date
tunnel construction in such a traditional tunnel country such as Switzerland.

In the year 1998, another building of a municipal car tunnel in Prague is to be
started, viz. the tunnel Mrdzovka which links up to the Southern mouth of the
Strahov tunnel. The company SUBTERRA a. s. was again the winner in the pub-
lic tender, this time in association with Metrostav a. s.

CONCLUSION

The company Subterra a. s. arose from the original unit of organization of the
Ceskoslovensky uranovy primysl (Czechoslovak Uranium Industry) before
35 years. The mentioned examples showed that the company continues in the
best traditions of the Czech underground engineering, which was developed du-
ring the building up of the railway network in our country and which was applied
for many other buildings up to fifties of this century. At the present time, the un-
derground engineering represents a developed branch which enables a comple-
te utilization of the underground and helps to protect the environment.
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Cistirna odpadnich vod - Pec p. S.
Sewerage plant — Pec p. S.
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Podzemni gardze — Karlovy Vary
Underground garrage — Karlovy Vary
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STATIKA NRTM: KVASIREOLOGICKA FORMULACE VYPOCTU VLIVU ZRANI
A DOTVAROVANI STRIKANEHO BETONU NA UNOSNOST A PRETVORENI
PRIMERNIHO OSTENi

STRUCTURAL ENGINEERING IN THE NATM: QUASIRHEOLOGICAL ANALYSIS
OF SHOTCRETE HARDENING AND CREEP EFFECTS ON THE STRESS AND
STRAIN OF PRIMARY LINING

Ing. ALES ZAPLETAL, DrSC.

1. UvoD

Jiz v kratké dobé po nastfiku je stiikany beton primérmiho osténi zatéZovan
horninovymi tlaky. To znamena, Ze horninovymi tlaky je zatéZovana hmota, kte-
ré4 zraje, takze jeji modul pruznosti E (1) je v dobé zatéZovani rostouci funkci
pribézného éasu t. Hmota stfikaného betonu se dale dotvaruje. Je proto rozdil
mezi deformaéni odezvou hmoty na napéti v okamziku jeho pfiloZent (tim je pri-
bézny Cas t) a v kterémkoliv ¢ase nasledujicim T, ktery nazyvame aktualnim.
Tuto skute¢nost postinujeme zavedenim modulu pietvarnosti E (t, T), kterym je
uréena pomérna deformace v aktualnim ¢ase T od napéti, pfiloZzeného ke hmo-
té v pribézném ¢ase t.

Presna statika popsaného jevu, patficiho do oblasti reologie a ovliviiujiciho
napjatost i deformaci primérniho osténi je komplikovana. Proto je Z&douci dispo-
novat — pokud existuje — zjednodusgenou vypocetni formulaci tohoto jevu, davaji-
ci dostateéné spolehlivé informace o napjatosti a pietvoreni osténi podiéhajiciho
zékondm creepu (tj. zakontm reologie v uzsim a plvodnim vyznamu tohoto
pojmu), prostiedky nepravé reologickymi (1. reologickymi v $ir§im vyznamu toho-
to pojmu).

(Poznamka: Autor je zastancem Sir§iho vykladu pojmu reologie, jakoZto nau-
ky o deformaci a napjatosti latek v zavislosti na ¢ase — viz Akademicky slovnik
cizich slov, Akademia, Praha 1995.)

Ukazeme, Ze za urcitych, dosti Siroce platnych okolnosti, je mozné nahradit
slozity vypodet pracujici s modulem pfetvarnosti E (t, T), jednodusdim vypoctem,
pii kterém je E (t, T) zaménén fiktivnim modulem pruZnosti E¢ (T), ktery odvo-
dime a vydéislime.

Pfechod od E (t, T) k E¢ (T) provedeme pomocf série ¢tyf dloh (odst. 3-6), na
kterych — jak véfime — dok&dzeme zkoumany jev jednodude a zfetelné objasnit.
Ulohy tesime jako pfipady rovinné napjatosti, nikoliv deformace. Spravnost
nasich vysledk( tim nenf ovlivnéna.

Smysl élanku je po tomto Uvodu ziejmy. Dodejme, Ze kdyZ jsme pred chuvili
hovofili o vypoctu, méli jsme na mysli MKP v dvourozmérmé varianté. Znalost
techniky tunelaiského vypoétu v 2D-varianté pfedpokladame.

2. ZAKLADNi VZTAHY A POJMY

2.1. MODUL PRUZNOSTI ZRAJICIHO STRIKANEHO BETONU E ()

Modul pruznosti byl stanoven v Kloknerové dstavu CVUT (viz [1], [2]) vztahem
E () = 1,7494 * 10°In (t) + 12,914 * 10° kPa, (1)
kde t je staif betonu ve dnech.

2.2. MODUL PRETVARNOSTI ZRAJICIHO STRIKANEHO BETONU E (1, T)

Modul pietvarnosti vyjadfujeme vzorcem
E(t,T):E(t)+(1+<p)=E(t)+(1+(pbw(T_‘t)M*Hv‘2) @)

+(T-t)s

E (t) je modulem pruznosti podie (1) a @ soucinitelem dotvarovani podie CSN
731201. Zakladni hodnotu soucinitele dotvarovani ¢, kiademe (podle normy)

1. INTRODUCTION

Already shortly after its application, shotcrete of primary lining is loaded by
rock pressures. It means that the rock pressures load a mass in the process of
hardening, so that its modulus of elasticity E (1) represents, at the time of har-
dening, the increasing function of the running time t. The creep of the shotcre-
te mass continues, as a result of which there is a difference between the defor-
mation response with respect to stress at the moment of its application (i.e. the
running time t) and at any following time T which is called the actual time. This
fact is taken into account by the introduction of the effective modulus E (t, T),
which determines the relative deformation at the actual time T, caused by the
stress applied to the mass during the running time t.

The exact structural character of the described phenomenon, which belongs
to rheology and affects both the state of stress and the deformation of the pri-
mary lining, is rather complicated. That is why it is desirable to have — if it exists
- some simplified theoretical formulation of this phenomenon, providing suffici-
ently reliable information on the stress and strain of the lining subject to the laws
of creep (i.e. the laws of rheology in a narrower original meaning of this concept),
through rheological means in the broader meaning of the concept.

We shall show that under certain conditions, valid in a rather broad extent, it
is possible to replace a complicated calculation working with the effective modu-
lus E (t T), with a simpler calculation, in which E (1, T) is replaced with a fictiti-
ous modulus of elasticity E (T), which we shall derive and expres numerical-
ly.

The transition from E (t, T) to Eg (T) will be performed by means of series of
four problems (paragraphs 3 to 6), by means of which we hope to be able to
explain the investigated phenomenon simply and distinctly. The problems are
solved as the cases of two-dimensional state of stress, not of deformation which
does not influence the accuracy of our results.

After this introduction the tenor of this article is evident. Let us add that the
above mentioned calculation meant the application of FEM in its two-dimensio-
nal variant. The knowledge of the method of tunnel analysis calculation in the 2D-
variant is assumed.

2. BASIC RELATIONS AND CONCEPTS

2.1. MODULUS OF ELASTICITY OF SHOTCRETE HARDENING

The modulus of elasticity was determined in the Kiokner Institute of the CYUT
(Czech Technical Universily) (see [1], [2]) by the relation

E(t)=1,7494 *10° In () + 12,914 * 10° kPa, (1)
where t is the concrete age in days.
2.2. MODULUS OF STRAIN OF SHOTCRETE HARDENING

The modulus of strain is expressed by means of the formula:

E T)=E(t)+(1+¢)=E(t)+6+(pb%*t*’”) @)

E (1) is the modulus of elasticity according to (1) and ¢ is the coefficient of cre-
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rovnu 2,2. Symbolem t oznadujeme pribézny ¢as, ve kterém piikladame napét
o (1), zatimco T 2 t je Cas akiudlni, ve kterém je méfena pomérné deformace
e (T). Je-li € (T) poméma deformace v okamziku T od ¢asové neproménného

napéti o (t) = const., jeZ zacalo plsobit v okamziku t, pak
_of
EGT)= M 3)

V hodnovérnosti vzorcl (1) a (2) je urcity rozdil. Zatimco (1) je empiricky silné
podloZen, nelze totéz se stejnym akcentem tvrdit o (2). V ném obsazeny sougi-
nitel dotvarovani ¢ je vzat v CSN 731201, kde je uveden jako zavislost platna pro
beton, nikoliv pro stftkany beton. Experiment na stfikaném betonu, ktery by ové-
fil spravnost nebo umoznil korekei normového ¢, nebyl dosud proveden (pfed-
pokladame, Ze se tak stane pfi razbé tunelu Mrazovka). Proto ndam nezbyva, nez
normové ¢ akceptovat jako platné i pro stfikany beton, s urcitou, blize nespecifi-
kovanou nejistotou.

Z hlediska zakladnich Gvah v €lanku vyslovenych (nikoliv véak ¢iselnych
vysledku) je dlleZité, Ze vaéi této nejistoté v hodnovémosti ¢ jsou indiferentni,

3. DOTVAROVANI ZRAJICIHO KRUHOVEHO PRSTENCE

Kruhovy prstenec tloustky h, o poloméru stfednice r, je zhotoven ze stikané-
ho betonu o modulu pfetvarnosti E (t, T) v Case t = 0 a zatézovan éasové pro-
ménnym stfedové symetrickym tlakem q (t), pfi¢emz q (t) < U (t), kdyz U (1) je
Unosnost prstence.

Zatizeni g (t) vyvolava v prstenci napéti

[
oft) = " ql) @
Deformace prstence v aktudinim ¢ase T je

P dc t)

= h (I, ELT) T "rJ
Funkei q () vyjadfeme ve tvaru (obr. 1a):

q)=z @t T)*q(T), te <0, T> (6)
Pro z (t, T) zfejmé plati

I Z (L Tdt=z (T, Ty=1. 7)
Podobnou rovnici jako (6) Ize psat i pro napéti:

qM=z{tT) "o (T) 8)

Na funkei z (t, T) mizeme nazirat jako na Udaj, popisujici ,drahu”, po které
v ¢asovém intervalu <0, T>, pfeslo zatiZzeni (napéti) prstence ze své podatecni
nulové hodnoty do aktualniho stavu (= stavu v ¢ase T). Funkce z (t, T), kterou
budeme nadéle nazyvat drahou zatiZeni, je spole¢na véem podobnym funkcim
zatiZeni g (t) resp. napéti o (t). Je prosta informace o intenzité prilozeného zati-
Zeni resp. pUsobiciho napéti. Ta je z ni ,,odfiltrovana“.

(Poznamka: funkce f, (t), f, (t) si jsou podobny, plati-li: f, () =
const.)
S pouiitim drahy zatizeni mizeme deformaci prstence psat ve tvaru

v, L1 Z0T L1 ZaT)
YT = —*q(T) j ELT) dt=r*o(T) £ L)

o(t)=%*z(t,T)*

fo (), A=

dt 9)

4. KVASIREOLOGICKA NAHRADA DOTVARUJICIHO SE ZRAJICIHO
PRSTENCE

Definice: Kvasireologickou n&hradou rozumime nahradu prstence, jehoz
deformace y (T) od zatizeni q (1) je funkcf modulu petvarnosti E (t, T), prstencem
identické geometrie (rozumaj: totéz T, totéz h) a fiktivni hmoty s fiktivnim modu-
lem pruznosti Eg (T) takovym, Ze v kterémkoliv aktuainim Sase T plati

yM=w(T) (10)

kdyZz w (T) je deformace nahradniho prstence od zatizeni q (T) v ¢ase T.
Pro deformaci prstence o modulu pruznosti E¢ (T) ziejmé plati:

W< Feal o i)

“h BT T EM
Aby bylo vyhovéno rovnicim (9) a
1
EHT) = W
» EMT)
Je tedy fiktivni modul pruznosti E (T) funkci modulu pfetvarnosti stfikaného
betonu E {t, T) a drahy zatiZeni z {t, T). Neni funkcf intenzity zatizeni resp. napé-

(10), musi byt

(12)

ep pursuant to CSN 731201. The basic value of the coefficient of creep ¢, is 2.2
(according to the standard). The current time indicated as 1, is the time which the
stress o (1) is applied, while T 2 t is the actual time, in which the relative defor-
mation e (T) is measured. If £ (T) is the relative deformation at the time T due to
the time-independent stress, ¢ (t) = const., which started to work at the moment
i, then

o(t)

EtT)= (7] 3)

There is a certain difference in the reliability of formulas (1) and (2). Formula
(1) is well substantiated empirically, which cannot be said about formula (2). The
creep coefficient g is taken over from the standard CSN 731201, where it is spe-
cified for concrete, but not for shotcrete. An experiment on shotcrete to verify the
correctness or enable the correction of the standard ¢ has not been made so far
(we assume that it will be made during the driving of the “Mrdzovka” tunnel). That
is why there is no other possibility than to accept the standard ¢ as valid also for
sholcrete, with certain unspecified uncertainty.

With respect to basic considerations expressed in the article (but not with res-
pect to numerical results), it is important to say that they are indifferent to this
uncertainty.

3. CREEP OF THE HARDENING LINING RING

The lining ring of the thickness h and of the central line radius r, is made of
shotcrete having the modulus of strain E (t, T) at the time t = 0 and loaded by
means of a centrally symmetrical time-variable pressure q (1), while g () <U (1),
where U (t) is the loadability of the ring.

The load q (t) produces a stress in the ring:

o) =+ * 9t 4
The deformation of the ring in the actual time T is as follows:

P dqt) _ 7 doft)
n7 = f Ee7 - Ee T ®)

The function q (1) can be expressed in the following form (Fig. 1a):

qt)=z @ T)*q(T) te <0, T> (6)
Forz (t, T) it is evidently valid:

Tz nd=2T =1 )
/[\7n analogous equation as (6) can be written also for the stress:
G(t)=Tg*Z(fv N q(M=zT)"c(T) (8

The function z (t, T) may be considered as a date, describing the trajectory tra-
versed, within the time interval (O, T) by the load (stress) of the ring from its ini-
tial zero value 1o the actual state (= the state at the time T). The function z (t, T)
which, hereinafter, will be called ,the load trajectory” is common for all similar
load functions q (1), o (t). It does not include any information concerning the inten-
sity of the applied load or acting stress which was ‘filtered off”.

(Note: the functions f, (1), f, (t) are similar, if it holds that f, (t) = A fz M A=
const.)

When applying the load trajectory, the deformation of the ring can be expressed
as follows:

¥y am | 24D

z't T)
EtT)

dt=r*g(T)* f dt (9

4. QUASIRHEOLOGICAL SUBSTITUTION OF THE HARDENING RING
DURING CREEP

Definition: The quasirheological substitution means the substitution of the ring,
the deformation of which y (T), produced by the load q (T), is the function of the
effective modulus E (t, T), with the ring of identical geometry (i.e. identical r and
h) fictitious mass of a fictitious modulus of elasticity Ex (T) for which it holds that
at any actual time T

y(T)=w(T) (10)

where w (T) is the deformation of the substituting ring produced by the load q (T)
within the fime T.

For the deformation of the ring of the modulus of elasticity Ex (T), it evidently
holds that:

2P am _, o)
"0k Em T Em ()
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ti. Derivace Z' (t, T), = t,, nabyva vjznamu vahy, se kterou se E (t, T), t=t,, podi-
Il na tvorbé Eg (T).

5. DOTVAROVANI ZRAJICIHO KRUHOVEHO PRSTENCE,
SPOLUPUSOBICIHO S HORNINOU

Kruhovy prstenec 2 odst. 3 povazujme za osténi a spiahnéme ho do systému
s horninou. Té pfisoudime pruzné vlastnosti s modulem pruznosti E
a Poissonovou konstantou v. (Hominu tedy popisujeme — nejen na tomto miste,
nybrZ v celém Elanku — velmi jednoduse. Na to, jak odklon do tohoto popisu
muZe ovlivnit naSe vysledky, bude vzdy ve vhodném okamiziku upozornéno.)
Stiedové symetrické a ¢asové proménné zalizeni q (1) piiloZime na hranici mezi
osténim a horninou, Osténi prenese z tohoto zatizeni Gast o velikosti p (t), zby-
tek g (t) — p (1) jest pfenasen horninou. Plati:

i E*E(%)dp(t): c { (da(t) - dp (1)) (16)
kde
Cc- r(vE+H1) a7

je konstanta, uddvajici tuhost horniny.

Rovnice (16) jest vyjadfenim podminky rovnosti deformace na kontaktu mezi
horninou a osténim, z jedné i druhé strany,

Rovnici (16) upravime pomoci drahy zatiZzeni, Musime si pfitom uvadomit, e
se v i vyskytuji dvé funkee zalizeni. Pfedevéim funkce zatizeni systému osté-
ni - hornina q (t), kterou (vétsinou) pfedem zname nebo jejiz znalost predpokla-
dame. Dale pak funkce zatiZeni osténi p (t), klera je (v&tSinou) hledanym fese-
nim rovnice.

Funkei q (1) pfifazujeme znamym predpisem (viz (6)) drahu zatizeni z t, 1),
funkci p (t) obdobng, tedy s (t, T) = p (t}/p (T), dréahu zatizeni s {t, T), te <0, T>.
Rovnice (16) poskyluje obecné feseni, pri kterych si p (t) a q (1) nejsou podobny.
Proto plati

z(tL T #stT) (18)
Po aplikaci drah zatizeni pfechézi rovnice (16) do tvaru
2 T gt T T
P +- SE“' Jat=C [ [qM 2, T)=p (M) s ¢, Tt (19)
o E4T) 0
Po vyéisleni integralu na pravé strané obdrzime:
s, T)

T) — L Ldt=C*(q(T-p (T 20
M | e (@(m)~p(m) (20)
TABULKA 1
TABLE 1

PRUBEZNY | DOBA PRITE- MODUL KRATKODOBY DLOUHODOBY E(f, d)
CAS (dny) | ZOVANI OSTE- | PRUZNOSTI | FIKTIVNI MODUL | FIKTIVNI MODUL =0}

NIVEDNECH | E[kPal | PRUZ E(f, k) kPa) | PRUZ E(, d) [(kPa)

Running | Period of lining Modulus Short-term ficlive Long-term fictive £(f, d)

lime load increase of elasticity modulus of elasticity |  modulus of elasticity E(1)
(days) in days Eft) (kPa] E(1, k) fkPaj E{t, d) [kPa]

1 1 1,29E + 07 1,29E + 07 4,04E + 08 0,31
2 2 1,41E + 07 1,22E + 07 4.33E + 06 0.31
3, 3 1,48E + 07 1,19E + 07 4,55E + 06 0.31
4 4 1,53E + 07 1.18E + 07 4,73E + 068 0,31

MODUL PRUZNOSTI, KRATKODOBY A DLOUHODOBY FIKTIVNI MODUL PRUZNOSTI
Modulus of elasticity, short-time and long-time fictive modulus of elasticity
1,60E+07

1,40E+07 -

1,20E+07 -=::

1,00E+07 *
E(0) [t 0 H
[Etf,.d) ]+

8,00E+ 086

6,00E + 06
4,00E +06

— E(t), E{f k), E{f,d)

2,00E+06

0,00E + 00

1 2 3 4
CAS dn
—P Tine (dayys)
GRAF 1:GRAFICKE ZPRACOVANI MODULU Z TAB: 1
Graph 1: Graphical solution of moduli mentioned in Table 1

To comply with equations (9) and (10), it must hold that

1
0Tz,
0 E(f, T)

Consequently the fictitious modulus of elasticity E- (T) is the function of the
creep modulus of sholcrete E (I, T) and the load trajectory z (1, T). It is not the
function of the load intensity or the stress intensity. The derivative of (1, T), t = t,,
acquires the significance of the weight, with which the E (t, T), t = t,, participates
in the rise of E. (T).

5. CREEP OF THE ROUND RING HARDENING IN CO-OPERATION
WITH THE ROCK

Let be considered the round ring mentioned in paragraph 3 as a lining, and let
it be harnessed in the system together with the rock. We shall assume that the
rock has elastic properties, i.e. the madulus of elasticily £,, and Poisson's con-
stant. (The rock is described — not only here, but in the whole article - very sim-
ply. The extent to which the deviation from this description ma y affect our results,
will be always mentioned at a suitable moment.) The centrally symmetrical and
time-variable load q (t), will be applied to the border line between the lining and
the rock. The lining will transfer a pan of this load of the magnitude p (1), the
remainder q (t) - p (t) will be transferred by the rock. It holds that

(12)

TP 1 Y

[ i b= ¢ ] catr-op ) i
where

. 1) (17)

H
is a constant stating the rock rigidity.
Equation (16) expresses conditions of the equal deformation equality at the point
of contact between the rock and the lining on either side.

We shall modily equation (16) by means of the load trajectory. We must take
into account that it contains two load functions. First of all the load function of
the lining - rock system q (t) which is (mostly) known in advance, or the know-
ledge of which we suppose. Then the load function of the lining p (1) for which
it is (mostly) the sought solution of the equation,

To the function q (t) we shall assign, by means of a known formuia (see (6)),
the load trajectory z (t, T) and analogously the function p (), le.st T)=
p (Vp (T), the load trajectory s (1, T), te (O, T). Equation ( 16) generally provides
the solutions, in which p (1) and g (1) are not similar. Therefore it holds that

z(t T)#s(tT) (18)

After the application of the load trajectories, equation (16) is transformed as fol-
lows:

A stT) AT R _ B
P | gy @=Clam 20 1=p () st Tat (19)
Having evaluated the integral on the right side, we obtain:

rhsT . _
P [ g =C @M ~p (M) (20)

Our interest will be attracted particularly by that solution of equation (186),
which corresponds with the continual uniform tunnel driving. It is supposed that
during such driving, the loading of the system is uniformly increased for the lime
A tdays (which depends upon the driving rate). After the time A 1, the load inc-
reasing terminates. If the beginning of the interval A t is represented by the time
=0, and the end by the time t = T, as it will be always in our case, then A t =
T The function q (1), describing this driving mode, and shown on Fig. 1b, is
governed by the following formulas:

qM=0 fort <0, (21a)

q=—1q(T) forte <0, T,», (21b)
0

q®=q(T,) fort>T, (21c)

The same diagram shows also the load trajectory z (t, T), assigned to the above
mentioned q (1) in the actual time T = 10 days. As it is evident:

z()=0 fort<0, (21d)

z{)= % forte <0, T, (21e)
o

z()=1 forte (T, 10> (21f)

The result of one numerical solution of equation (16) for the function q (1)
according to (21) is shown on Fig. 2. As it is evident from the histories of q,
the load of the system is increased for the period of four days. It is evident that
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Nas zajem vyvolava obzvlasté to feSenf rovnice (16), které odpovida kontinu-
alni rovnomérné razbé. Pfedpokladame, Ze pfi takové razbé je po dobu A t dnd
(tato doba je dana rychlosti razby) systém rovnomérné piitéZzovan. Po uplynutf
¢asu At je pfitézovani ukonéeno. Je-li pocatkem intervalu At ¢as t =0 a koncem
¢as t=T,, jak tomu u nds vzdy bude, je At = T,. Funkce q (t), popisujici tuto raz-
bu, je znazornéna na obr. 1b a plati pro ni:

q)=0 prot<0, (21a)

q{t)= % q (Tg) prote <0, Ty>, (21b)
0

a(t)=q(T) prot>T, (21c)

Na tomtéZ obrazku mizeme spatfit i drahu zatizeni z (t, T), pfifazenou vyse uve-
dené q (t), v aktualnim ¢ase T = 10 dn(. Jak zfejmo, je

z(t)=0 prot <0, (21d)

z{t) = il prote <0, Ty>, (21e)
To

z({t)=1 prote (T, 10> (21f)

Vysledek jednoho numerického fedeni rovnice (16) pro funkci q (t) podle (21)
znazorfiuje obr. 2. Jak patrno z pribéhu q (1), je systém piitéZovan po dobu 4
dnd. Vidime, Ze zatizeni p (t), pfend8ené osténim, v dobé zatézovani narista,
s dostate¢nou presnosti lineamé, a své maximalni hodnoty dosahuje na konci
zatéZovani, tedy v Case T, = 4 dny. Poté se zacina vyrazné uplatiiovat dotvaro-
vani betonu a zatiZeni osténi pozvolna klesa. K dotvarovani ovéem dochazi od
samého podatku. Je vSak zatézovanim — nebot je to dostatec¢né rychlé — prekry-
vano do té miry, Ze pfili§ nedeformuje linedrni charakter vzestupné vétve funkce
p (t):
Pfedchozi tvrzeni jsou vyznamnd a schopna zobecnéni (viz obr. 2): Probiha-
li razba dostateéné spojité (za idealni mizeme povazovat razbu frézou
v homogenni horniné) a dostatecné rychle, v horniné dostateéné linearni
bou), pfevlada nejprve v ase t € <0, T,>, pfitizeni osténi nad jeho dotva-
rovanim. Vliv plynulého pfitéZzovani se projevuje dostatecné linearnim
narGstem zatizeni osténi, dotvarovani ovliviiuje velikost smérnice pfimky,
ktera nardst aproximuje.

Po dosazeni maxima zatizeni, na konci doby po kterou je osténi piitézo-
vano, dochazi v dasledku dotvarovani stfikaného betonu k odleh¢ovani
osténi. To postrada charakter linearni zavislosti. Je doprovazeno nariistem
deformaci osténi. Maximalnich deformaci je dosaZzeno v ¢ase T —» (= ve
vysokeém stafi osténi).

6. KVASIREOLOGICKA NAHRADA PROBLEMU Z ODST. 5

Definice: Kvasireologickou nahradou problému z odst. 5 nazyvame jeho
nahradu Ulohou, ktera je s nim ve v8ech geometrickych, zatézovacich a fyzikal-
né mechanickych parametrech shodna, s jedinou vyjimkou: Modul pfetvarnosti
E (t, T) je nahrazen fiktivnim modulem pruznosti E (T) takovym, ze pro kazdé
Tie

yM=w( (22)

kdyz y (T) je deformace prstence s modulem pfetvarnosti E {t, T) a w (T) je defor-
mace prstence s fiktivnim modulem pruznosti Er (T).

OBR. 1a: OBECNA FUNKCE ZATIZENI g(t) A JEJI DRAHA ZATIZENI z(t, T = 10)
Fig. 1a: General function of load g(t) and load trajectory z(t, T = 10}
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the load p (t), sustained by the lining, increases during the loading time, viz. line-
arly with a sufficient accuracy, and that it attains its maximum value at the end of
loading, i.e. at the time T, = 4 days. Subsequently the influence of the creep of
concrete becomes considerably significant, and the load of the lining starts to
decrease slowly. Naturally the creep takes place from the very beginning, but it
is covered by loading — which is sufficiently fast — to such an extent, that it does
not deform substantially the linear character of the rising branch of the function
P

'I)'he above statements are important, and can be generalized (see Fig. 2): If
the driving is sufficiently continuous (driving by means of cutter heads in
a homogeneous rock can be considered ideal), sufficiently fast, in a rock
sufficiently linear (the rock is the more linear, the smaller the plastic zones
produced in it by driving), at the time t ¢ (O, T,), the increase of loading pre-
vails first over its creep. The influence of continuous load increase causes
a sufficiently linear increase of the lining loading; the creep influences the
value of the gradient of the line, which approximates the increase.

After the maximum loading has been achieved, at the end of the period
during which the lining load is increased, the lining load is relieved by the
creep of shotcrete. This process is not linear and it is accompanied by inc-
reasing lining deformations. Maximum deformations take place at the time
T —e (= in the high age of the lining).

6. QUASIRHEOLOGICAL SUBSTITUTION OF THE PROBLEM
DESCRIBED IN PARAGRAPH 5

Definition: The quasirheological substitution of the problem described in the
paragraph 5 is its substitution with the task identical with it in all geometrical, loa-
ding, as well as in physical-mechanical parameters, with the only exception: the
modulus of deformation E (t, T) is substituted with a fictitious modulus of elasti-
city complying with the condition for each T, it holds that:

y(T)=w(T) (22)

where y (T) is the deformation of the ring with the modulus of deformation E (t,
T), and w (T) indicates the deformation of the ring with the fictitious modulus of
elasticity Ex (T).

The equation of quasirheological substitution, parallel with equation (20) is:

Em M =Cam-pm) (29

If equations (20) and (23) are to provide the same solution, it must hold that:

1

s T)
Ien ™

EHT) = (24)

A formal identity exists between equations (12) and (24). However, there is
one imporiant difference concerning their solution. The function z (t, T) and, con-
sequently, equation (12), can be solved easily, because the function of loading of
the insulated hardening and creeping ring q (1) is the quantity known in advance.

The function s (t, T) is derived from the loading function of the hardening and
creeping of the ring, co-operating with the rock. This function which we marked
p (1) is not known in advance, but can be calculated by means of E (1, T), i,e. by
means of the calculation taking into account the hardening and creep of the lining
mass. However, we want to avoid such a calculation and to replace it with a cal-
culation working with a fictitious, merely hardening mass, and described only by

OBR. 1b: FUNKCE ZATIZENT KONTINUALNI ROVNOMERNE RAZBY q(t)
A JEJI DRAHA ZATIZENI z(t, T = 10)
Fig. 1b: Function of load of a continuous uniform driving q(t)
and its load rajectory z(t, T = 10)
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Rovnice kvasireologické nahrady, paralelni s rovnicf (20) je

e P =c@m-pm (23)
e
Aby rovnice (20) a (23) poskytly stejné Fedeni, musi byt
1
ExM) = — = 24
fD) ] st T) at @
o E4T)

Mezi rovnicemi (12) a (24) existuje formalni shoda. Pfesto je mezi nimi jeden
dilezity rozdil, tykajici se feSeni téchto rovnic. Funkce z (t, T) a tedy i rovnice (12)
se da snadno vypocitat, nebot funkce zatizeni izolovaného zrajiciho a dotvaruii-
ciho se prstence q (1) je pfedem znama velicina.

Funkce s (i, T) se vS8ak odvozuje od funkce zatizeni prstence, zrajiciho
a dotvaruijiciho se, pracujictho ve spfazeni s horninou. Tato funkce, kterou jsme
oznadili p (1), pfedem znama neni. Mlze byt ovSem vypocitdna pomoci E (t, T).
Tedy vypodtem, zohledfujicim zrani a dotvarovani hmoty osténi. Takovému
vypoCtu se v8ak chceme vyhnout a nahradit jej vypoétem, laborujicim s fiktivni
hmotou pouze zrajici, popsanou toliko — z hlediska techniky tunelaiského vypo-
&tu bezproblémovym — fiktivnim modulem pruznosti E¢ (T) podle (24). Znét ten-
to modul ale znamena znat funkci s (t, T). Pohybujeme se tedy zfejmé v kruhu.
O tom, jak z néj vystoupit, pojedname na zacatku nasleduijici kapitoly.

Predtim v8ak, kvlli divérnéj§imu seznameni, si prohlédneme obrazky 3a—3d,
znézoriujici pribéhy funkciz (t, T)as (t, T)proT=T,=4dnya T = 10 dnd. Obé
funkce se vztahuji k pfikladu, jehoz vysledky jsou zaznamenany na obr. 2.

7. CISELNE HODNOTY FIKTIVNIHO MODULU PRUZNOSTI E (T)

Je pfed nami Ukol vydislit fiktivni modul pruznosti, ktery je v tunelafské statice
stanoven korektné rovnici (24). Nikoliv tedy rovnici (12), ktera se vztahuje spise
k laboratornimu experimentu, kdy prstenec s viastnostmi podie odst. 3 zatézuje-
me nami ovladanym a fizenym zatizenim q (t).

Bylo jiz feCeno, na jaké potize u (24) narazime a bylo pfislibeno vychodisko
ze situace, kterd se vyznacuje nasi neschopnosti tuto rovnici, kvili neznalosti
s (t, T), rozfesit. Z tohoto hlediska je dilezité konstatovat, ze k tomu, abychom
osténi spravné navrhli resp. posoudili, jak co do napjatosti, tak co do deformace,
nemusime znat cely pribéh funkce Eg (T). Postaluji toliko dvé jeji hodnoty.
Jedna pro T = T, kdy je ukoneno pfitézovani osténi razbou, takze jeho zatize-
ni dosahuje maxima. Druhd pro T —ee, kdy je po ukonéeném dotvarovani dosa-
zeno nejvétsich deformaci.

Abychom tyto hodnoty ziskali, budeme pfedpokladat, Ze razba je kontinudlni
a rovnomérng, takze se na ni vztahuje zobecnéni z odst. 5. (Pfedpoklad neni
mimoradny. Je pouzivan i v jinych Gvahach, byt mnohdy miéky & neuvédoméle.
Je pouzivan proto, Ze je pfirozeny, nebot’ odpovida spravné probihajici razbé.)
Pro tento druh razby — a nyni pfichazi nase vychodisko ze situace — zaménime
drahu zatizeni s (t, T), s drahou z (t, T).

Jinak fe¢eno, fiktivni modul pruznosti Ep (T) v ¢ase T = T, a T —eo stanovime
nikoliv jako feseni rovnice (24), nybrz jako fedeni rovnice (12) pro z (1, T), s vlast-
nostmi podle (21d)-(21f).

Co to znamena a jaké chyby se dopoustime?

7.1.V pfipadé fiktivniho modulu Ep (T = T,) je zaména s (t, T,) za z (, T,) velmi
korektni, pokud doba pfitézovani A t neni pfili§ dlouh&. (Podle nasich védomosti

OBR. 2: FUNKCE ZATIZENI SYSTEMU q(t) A FUNKCE ZATIZENI OSTENI p(t)
Fig. 2: Function of load of the system q(t) and the function of the lining load p(t)
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a problemfree fictitious modulus of elasticity Eg (T) according to (24). To know
this modulus, however means fto know the function s (t, T). Evidently we are
moving in a circle. The way, out of it will be described at the beginning of the fol-
lowing chapter.

Before that, however, to get a more detailed picture, we shall have a look at figu-
res 3a to 3d, showing the histories of functions z (1, T) for T = T, = 4 days and
T = 10 days. Both functions are related to the case, the results of which are men-
tioned in Fig. 2.

7. NUMERICAL VALUES OF THE FICTITIOUS MODULUS
OF ELASTICITY EF (T)

Now we are confronted with the task of evaluating numerically the fictitious
modulus of elasticity, determined in the tunnel statics correctly by equation (24)
and not by equation (12) which relates more to a laboratory experiment, when
the ring, with the properties according to paragraph 3, is loaded by the control-
led load q (1).

We have already mentioned the problems connected with equation (24) and
promised the way out of the situation which is characterized by our inability to
solve this equation because of ignorance of s (1, T). It should be noted, however,
that the correct design or assessment of the lining both as to its state of siress
and as to its deformation, we do not need to know necessarily the whole history
of the function E¢ (T). It is sufficient to know only two of its values, viz. one for
T =T, when the load increase of the lining by driving terminates and its loading
achieves its maximum, and the other for T —eo, when, after the termination of the
creep, maximum deformations take place.

To obtain these values, we shall assume that the driving is continuous and uni-
form, so that we can apply the generalization of paragraph 5. (This assumption
is not extraordinary. It is used even in other considerations, whether silently or
instinctively. It is used, because it is natural, since it corresponds with the correct
running driving.) For this type of driving — and that is where our way out of the
situation is coming — we shall replace the loading trajectory s (t, T) with z (1, T).
In other words, we shall determine the fictitious modulus of elasticity E (T) at the
time T =T, and T —e not as the solution of equation (24), but as the solution of
equation (12) for z (t, T) with the properties according to (21d) to (21f).

What does it mean and what error are we committing?

7.1. In case of the fictitious modulus Eg (T = Ty), the replacement s (1, T,) with
z (t, T,) is correct, if the time of the load increase A t is not too long. (According
to our knowledge, the time of the increasing load is not too long, if T, < 4 days.
That does not mean, however, that T, > 4 days, is too long. We do not know it,
because the periods of At > 4 were not the object of examination.) If it is so, the
history of the lining loading function p (t) can be approximated within the interval
At by a straight line (Fig. 2) which corresponds with such a loading trajectory s (t,
T) that (Fig. 3a, 3c):

t

st T)=z(t T,)=— (25)
Ty
with the derivative
' . 1
sSHT)=2(tT,)= T (26)
0
OBR. 3a DRAHA ZATIZENI OBR. 3c DRAHA ZATIZENI
Fig. 3a: Load trajectory Fig. 3c: Load trajectory
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Fig. 3b: Load trajectory Fig. 3d: Load trajectory
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neni doba pfitéZovani pfili§ dlouha, kdyz T, < 4 dny. Tim nechceme fici, Ze pfi T,
> 4 dny pfitéZovani pfili§ dlouhé je. My to pouze nevime, nebot doby A t > 4 neby-
ly pfedmétem zkoumani.) Je-li tomu tak, d4 se priibéh funkce zatizeni osténi p (t)
aproximovat v intervalu A t pfimkou (obr. 2). K té nalezi draha zatizeni s (t, T,)
takovd, ze (obr. 3a, 3¢):

-4

st T)=z(tTo) (25)
To

s derivaci

SUT)=2 (,T) = (26)
TO

Potom — podle (12) - je

Er(T) = 0 @)

—=dt
! E(t, To)

Bude-li ¢as T, zadavan v celych dnech, takze T, = n (n = celé kladné &islo),
nahradime-li diferencial dt diferenci A t = 1 den a prejdeme-li od integrace
k sumaci, obdrzime nahradou za (27) snadno vy¢islitelnou rovnici
B (T,=r) = L

i 1

ZEt=1T,=n)
Jejim vyéislenim ziskané hodnoty fiktivniho modulu pruznosti E¢ (T =T,), pro stfi-
kany beton pouzivany Metrostavem, obsahuje tab. 1 ve svém 4. sloupci. Je zde
pro lepSi komunikaci nazvan , kratkodobym fiktivnim modulem pruznosti, a ozna-
¢en symbolem E (f, k).

(28)

7.2. Nahrada (24) rovnici (12) v kauze fiktivniho modulu E¢ (T e} postrada oné
znaéné presnosti, kterymi se vyznacovala tatdz nahrada pro E¢ (T = T,). Nazorné
to vidime na obr. 3b a obr. 3d, kde je mozno srovnat z {t, T=10)a s (t, T = 10).
7Ze se jedna o funkce odligné, netfeba zddrazrovat. Presto je ndhrada mozné
a pfijatelna, kdyz ji spravné porozumime:

Predstavme si, ze k nasemu vypocetnimu modelu dotvarujiciho se prstence
spojeného s horninou (viz odst. 5) pfiloZime zatizeni q (t) podle (21a)-(21b)
a nechame ho plisobit do ¢asu T, (obr. 2), ve kterém osténi pfejima zatizenip (t=
T,). Za tohoto stavu prstenec od hory odpojime, a nechame ho zrat a dotvarovat
se izolované, pfi neménném zatizeni p (t = T,). Takovému rezimu zatizeni je viak
adekvatni draha zatizeni s (t, T) = z (t, T), kdyz pro z (t, T) plati (21d)—{21f). Pro
z (t, T) s vlastnostmi (21) a pro T —e z (12) obdrzime:

Br (Te) = - zZ(t 'I]—> ) T3 Z'(t, T—eo) 1" Z'(t, Toeo) -
o m=— J: ER, Tow) d”T{ it Tom) &
To

= > (29)

Voot
1 B T

nebot' z' (t, T —e) = 1/T, prot e <0, T,>, zatimco z' (t, T =) =0prote (T,, ).

Pokud hornina nepodléha creepu (to od pocatku pfedpokladame), je rovnici
(29) definovany fiktivni modul Eg (T —<s) mensi neZli pfesny modul, stanoveny
pro T —e podle (24).

To plyne z nasledujici Gvahy:

V systému dochazi v dilsledku dotvarovani osténi k dvojimu efektu:

* narUstaji deformace prstence,

¢ klesa jeho zatizeni (nebot’ creep horniny je zakdzan). Pokles zatizeni je moz-
no chapat jako pfilozeni tahového zatizeni A p (1), t € <T,, T —> k zatizeni
tlakovému p (t) = p (T,), t e <T,, T —eo>. Zatizeni Ap (t) stiednici prstence roz-
tahuje, zatizeni p (1) ji stlacuje.

Stladéeni pfevazuje, je viak ¢astecné redukovano roztazenim. Nemize byt
proto vétsi, nezli stlaceni od samotného p (t). To a nepfima Uméra mezi modu-
lem pruznosti prstence a jeho deformaci je diivodem naseho tvrzeni, ze modul
podie (29) je mensi, neZli modul podle (24) pro T —ee.

Je-li tomu tak, pak — pouZit pfi vypoétu systému — poskytuje hodnoty defor-
mace, které dotvarujici se a s horninou spoluplisobici prstence nemize prekro-
¢it.

Fiktivni modul pruznosti E (T —se0) podle (29) nazveme dlouhodobym fiktivnim
modulem pruznosti. Uplatriuje se pfedevsim pfi stanoveni limitnich hodnot defor-
mace, ke kterym dochdzi po detsi dobé, pfi vyzralém a dotvarovaném betonu pri-
mérniho osténi. Hodnoty E¢ (T —e) nalezneme, podobné jako hodnoty Eg (T =
T,), v tab. 1. Jsou vypoéteny pomoci vzorce:

n

E (Te) = - T (30)

ZE( i Tow)

ktery je odvozen z rovnice (29) nahradou integrace sumaci a diferencilu dt dife-
renci At =1 den, to vée po Umluvé, Ze doba pfitéZovani osténi razbou trva n dni.

Then — pursuant to (12) — it holds that:

E(T) = 0

TR

(27)

If the time T, is given in whole days, so that T, = n (n = a positive integet), we
shall replace the differential dt with the difference A t = 1 day, and if we pass from
integration to summation, we shall obtain, instead of (27), an easily solvable
equation

E(T,=n)= - ”1 : (28)

ZEt=iT,=n)

Values of the fictitious modulus of elasticity Eg (T = T,), obtained by its num-
merical evaluation for sholcrete, used by Metrostav, are shown in Tab. 1,
Column 4. For better understanding, it is called the ,short-term fictitious modulus
of elasticity” and indicated with the symbol E (f, k).

7.2. The replacement of (24) with the equation (12) in the case of the fictitious
modulus Eg (T —e) lacks the considerable accuracy of the same characteristic
replacement of E¢ (T = T,). It is shown in Fig. 3b and Fig. 3d, where it is possib-
le to compare z (t, T = 10) and s (1, T = 10). Needless to say that they are diffe-
rent functions. In spite of it, however, the substitution is possible and acceptab-
le, if we understand it correctly. Let us imagine that our theoretical model! of the
creeping ring, connected with the rock (see paragraph 5) is loaded by q (t) accor-
ding to (21a)—(21b), which will be applied until the time T, (Fig. 2), in which the
lining takes over the load p (t = T,). In this situation we disconnect the ring from
the rock and we let it harden and creep separately under a constant load p (t =
T,). Adequate with such a regime there is the loading trajectory s (t, T)=z (1, T),
if (21d)-(21f) applies to z (t, T). For z (1, T) with the properties (21) and for T —e
from (12) we obtain:

f 1
E T o) = = -
F(T=) 7 20T 2T oy, 7 20T
/B, T) ) Bl Tom) M L B Tow)
.
= —t (29)

1
af Bl o) &

because Z' (I, T —eo) = /T, fort e <0, T,>, while Z' (t, T —e) =0 fort e (T, ).

As long as the rock is not subject to creep (which we have assumed from the
beginning), the fictitious modulus Eg (T —), defined by equation (29), is lower
than the accurate modulus, determined for T —e according to (24).

This arises from the following consideration:
The creep of the lining produces two effects in the system:

* increasing ring deformations

e jts load decrease (because the rock creep is forbidden). The load decrease
may be understood as an application of the tensile load Ap (t), te <T,, T —oo>
fo the compressive load p (t) = p (T,), te <T,, T —c0>.

The central line of the ring is extended by the load A p and compressed by the
load p (1).

Compression prevails, but it is partly reduced by extension. That is why it can-
not be of a higher value than the compression caused by p (t) alone. This and
the indirect proportion between the modulus of elasticity of the ring and its defor-
mation is the reason of our conclusion that the modulus according to (29) is lower
than the modulus according to (24) for T —ee.

If it is so, then — applied to the calculation of the system — it provides defor-
mation values which the ring under creep and co-operation with the rock cannot
exceed.

The fictitious modulus of elasticity E¢ (T —eo) pursuant to (29) shall be called
the long-term fictitious modulus of elasticity. It will be applied mostly to the deter-
mination of the limit values of deformation, which occur after a longer time, after
the termination of the hardening and creep of concrete of primary lining. The
values Eg (T —eo) can be found, similarly as values Er (T = T,), in Table 1. They
are calculated by means of the formula:

n
Er(Te)= 71

ZEft=7 Tow)

(30)

which is derived from equation (29) by the replacement the integration with sum-
mation and of the differential dt with the difference A t = 1 day, all that with
the convention that the large increasing period of the lining by driving lasts
n days.

The long-term modulus of elasticity is indicated in Table 1 by the symbol E (f, d).
Table 1 is accompanied by Diagram 1 presenting it in graphic form.
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Dlouhodoby modul pruznosti je v tab. 1 ozna¢en symbolem E (f, d). Tabulka 1
je doprovazena grafem 1, ktery ji prezentuje ve formé grafické.

ZAVER

Byli jsme vedeni snahou vytvofit a zd(ivodnit podminky, umoZnujici postihnout
ve statickém vypodtu disledky zrani a dotvarovani osténi ze stitkaného betonu
jednoduchym (kvasireologickym) zplisobem. Odvodili jsme vztahy, pfevadéjici
sloZitou reologickou vstupni veli¢inu, totiz modul pfetvarnosti E (t, T), na jedno-
duchou veli€inu kvasireologickou, totiz fiktivni modul pruznosti E (T}, ktery nebu-
deme plést s normalnim modulem pruznosti E (t), podle rovnice (1).

Kvdli tomuto cili jsme formulovali velmi jednoduché dlohy (odst. 3-6), ve kte-
rych - jak se domnivame — byl problém nazormé vyjadien, vysvétien i vyfeden.
Pfedevsim se stal zfejmym rozdil mezi ,.laboratomim experimentem® (rovnice
(12)) a realitou tunelarského vypoétu (rovnice (24)), ktery je rozdilem mezi pie-
dem zn&mou drahou zatiZeni z (t, T) a drahou zatiZeni s (t, T), ktera je piedem
zn&ma pouze bodové (T = T,, T —) a pouze pfiblizné.

Pfi letmé ¢etbé €lanku by mohla vzniknout nejistota, jestli nase vysledky
nejsou jednoduchosti formulace zminénych tloh poznamenany v tom smyslu, ze
nejsou dostate¢né obecné. Odpovéd zni: neni tomu tak, nebot napf. rovnice (9)
a (11), které jsou v pozadi rovnice (12) jsou interpretovatelné také jako zavislos-
ti mezi napétim a pomérnou deformaci, tady jako zavislosti obecné, ve kterych
jednoduchost geometrie ¢i symetrie konkrétni tlohy nehraje roli.

Ciselné hodnoty fiktivnich modull pruznosti E (T) se nalézaji v tab. 1. Jsou
vypocteny pro stfikany beton pouzivany Metrostavem za pfedpokladu, ze razba
postupuje rovnomémé kupfedu. Takovyto pfedpoklad (ktery je vétsinou, jak jiz
dfive feceno, standardni, i kdyz mnohdy explicitné nevysioveny) se mize stat
zdrojem kritiky, vychazejici z ndzorové pozice, kterd — nejenom proto, ze plisobi
ve prospéch bezpeénosti konstrukce — zasluhuje pozornost: tnosnost osténi by
neméla byt zpochybnéna ani v piipadé, ze rovnomérnost razby nebude dodrze-
na.
Redeno trochu jinak, totiz z perspektivy Mencelovjch mez, tinosnost osténi
by méla byt stanovena tak, aby lezela na popf. pod 1. Menclovou mezi (toho
dosahujeme pomoci modulu E (t)). Dimenzovani s pouzitim fiktivniho modulu
E (T) je dimenzovanim nad touto mezi.

Tento nazor je velmi rozumny, nesmi véak byt uplatiiovan tam, kam nepatf.
Proto nejdfive upozornime na tu statiku, které se viibec netykd, pak se vyjadfi-
me k té, které se naopak tyka.

Netyka se té statiky, ktera se zabyva skuteénym chovanim konstrukce (vyhod-
nocovanim konvergenénich ¢i jinych méfeni), tedy statiky, provadéné béhem raz-
by dila, kdy konstrukci staticky sledujeme a kontrolujeme. Zde jsou nase vysled-
ky nejenom dobfe pouzitelné, nybrz i velmi Zadouci, protoZe takovéto vysetio-
vani vyZaduje vstupni data, popisujici konstrukci co nejvérnéji.

Tyka se naopak statiky tvofici souéast projektu, tady té, které je zaméFena na
navrh osténi. Vy3etfujeme-li Unosnost, je vhodné pracovat s modulem pruznosti
E (1). PouZiti kratkodobého fiktivniho modulu E (T = T,) v8ak nezakazujeme pro
pfipad, Ze by to mélo znamenat vychodisko ze situace, kdy je inosnost osténi
vypocetné na hrané: pfi E (t) osténi nevyhovi, pii E (T = T,) jiZz vyhovi. Rikdme to
s védomim, Ze E (t) a E (T = T,) se podle tab. 1 neli$i o vice nez 25 % (coz, ales-
pori pro velkorysej$iho statika, neni podstatny rozdil).

Zéasadné se v8ak stavime proti posouzeni Unosnosti s pouzitim dlouhodobého
fiktivniho modulu E (T —e), neboli E (f, d) podle tab. 1. To by vedio ke zcela
faleSnym a nebezpednym zavérdm o Unosnosti osténi, ke které zaujimame
nasledujici postoj: konstrukce je Unosnd, je-li inosna v kazdém okamziku své
existence a tedy samoziejmé a predevsim tehdy, kdy je nejvice namahana.

Tato zasada je v naprostém rozporu se véemi snahami, vydavat za rozhodu-
jict moment piii stanoveni Uinosnosti osténi ten jeho stav, pfi kterém se uplatriuje
fiktivni modul E (T —e). Nebot’ se jedna o stav, pii kterém ma osténi, diky své-
mu vyzrani, nejvéti pevnost a je pfitom diky prob&hnuvsimu procesu dotvaro-
vani, nejméné zatizeno.

Zcela na zavér feknéme, jak nesméji byt chapany nase Giselné vysledky
{tab. 1): nesméji byt povaZovany za ,nepristielné veli¢iny,. Byly odvozeny
a vypocteny za ur€itych pfedpokladil o horniné. Ty by vét§inou mély vyhovét rea-
lité Ceského &i slovenského tuneldfstvi. Je véak nutna opatrnost pfi manipulaci
s nasimi ¢iselnymi vysledky ve vypodtech pro razbu pfi vyrazné nelinearnim cho-
vani horniny. Naprosto chybn4 by pak tato &isla mohla byt pfi vypoctech osténi
v horninéch vykazujicich vyznamné creepové chovani.
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CONCLUSION

We have endeavoured to formulate and substantiate the conditions enabling
to characterize, in a structural analysis the consequences of the hardening and
creep of shotcrete lining by a simple (quasirheological) method. We have derived
the relations transforming the complicated rheological input quantity, i.e. the
effective modulus E (1, T), into a simple quasirheological quantity, namely the fic-
titious modulus of elasticity E (T), which is not to be confused with the standard
modulus of elasticity E (t), according to equation (1).

For this purpose we have formulated very simple tasks (paragraphs 3 to 6),
where the problem was practically expressed, explained and solved. In the first
place we have made evident the difference between the “laboratory experiment”
(equation (12)) and the reality of the tunnel calculation (equation (24)), which
represents the difference between the load trajectory z (t, T), known in advance,
and the load trajectory s (1, T), which is known in advance only at certain poinis
(T =T, T —e) and approximately only.

A cursory reading of the article might produce an uncertainty, whether our
results have not been affected by the formulation simplicity of the above mentio-
ned tasks and are not sufficiently general. The answer is: it is not so, because
e.g. equations (9) and (11) which form the background of equation (12), can be
also interpreted as the relations between the stress and the relative deformation,
i.e. as general relations in which the simplicity of geometry or symmetry of the
particular task is of no importance.

The numerical values of the fictitious moduli of elasticity E (T) are given in
Table 1. They have been calculated for shotcrete used by Metrostav, provided
that the driving proceeds continuously. Such assumption (which standard in most
cases, even if not explicitly expressed), can become the source of criticism resul-
ting from an opinion which — not only due to the fact that it works to the benefit
of the structure safety — is worth attention: the lining load-bearing capacity
should not be questioned.even if the driving is not entirely continuous.

In other words, i.e. from the perspective of Mencel’s limits, the lining load-bea-
ring capacily should be determined in such a way that it should be at or below
the 1 Mencel's limit (which is achieved by means of the modulus E (1)). The
dimensioning with application of the fictitious modulus E (T) exceeds that limit.

This opinion is very sensible, but it must not be applied to the cases, which
are not pertinent it does not pertain. That is why we draw the attention in the first
place to those cases to which it does not apply, and then we express our stand-
point on the cases which are pertinent.

It does not concern the cases concerned with the real behaviour of the struc-
ture (with the evaluation of convergent or other measurements), i.e. the compu-
tations performed during driving, when the structure is watched and inspected.
In such a case our results are not only well applicable, but also very desirable,
because such an examination requires input data, describing the structure as
accuralely as possible.

On the other hand, it does concern the cases forming part of the design, i.e.
the analysis concerned the lining design. If the load-bearing capacity is analyzed,
it is advantageous to work with the modulus of elasticity E (t). The application of
the short-term fictitious modulus E (T = T,), though, is not forbidden in case it
offers a way out of the situation, when the lining load-bearing capacity calculati-
on is at the boundary: for E (1) the lining is not satisfactory, for E (T = T,) it is alre-
ady satisfactory. We say it with the knowledge that according to Table 1 E (1) and
E (T =T,) do not differ by more than 25 % (which is not a substancial difference
for a liberal structural designer).

Principally, however, we do not approve the assessment of the load-bearing
capacity with the application of the long-term fictitious modulus E (T —), i.e.
E (f, d) according to Table 1. It might lead to false and dangerous conclusions on
the lining load-bearing capacity, to which we take the following attitude: the struc-
ture has a sufficient load-bearing capacity, if it has a sufficient load-bearing capa-
city in every moment of its existence and first and foremost at the time, when it
is exposed to maximum strain.

This principle is in full contradiction to all efforts to regard as the decisive
moment for the determination of the load-bearing capacity of the lining that sta-
te, in which the fictitious modulus E (T —<s) is applied as it concerns the state, in
which the lining, due to its hardening, has the maximum strength, and is simul-
taneously exposed, due to the completed strain process, to minimum load.

In conclusion | should like to say that our numerical results (Table 1) must not
be considered as ,absolutely correct quantities”. They were derived and calcula-
ted under certain assumptions concerning the rock generally satisfying the reali-
ty of Czech or Slovak tunnel engineering. The application of our numerical
results to the cases characterized by the significantly non-linear behaviour of the
rock, must be carried out with great circumspection. In the rocks showing signi-
ficant creep behaviour, our figures could prove entirely erroneous.
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CTVRTY PROVOZNI USEK TRASY B PRAZSKEHO METRA JE UVEDEN
DO PROVOZU

THE FOURTH OPERATIONAL SECTION OF THE LINE B OF THE PRAGUE
METRO IS SET INTO OPERATION

Ing. JOSEF KUTIL, INZENYRING DOPRAVNICH STAVEB, a. s.
Ing. GEORGIJ ROMANCOV, METROPROJEKT PRAHA, a. s.
Ing. PETR VOZARIK, METROSTAYV, a. s.

Nejnovéjsi ¢ast prazského metra z pohledu investora, projektanta a dodava-
tele. Jeho vazba na predchazejici u budouci useky a trasy. Strucny popis archi-
tektonického a provoznétechnického feSeni stanic a tuneld, se zviastnim dura-
zem na nové technologie razenych i hloubenych tunelt.

uvop

Pomalu, ale jisté se naplfiuje vize, ktera byla poprvé presnéji specifikovana jiz
pfed vice nez 70 lety, a jejiz realizace byla zahajena v roce 1967 rozhodnutim
o vystavbé metra v Praze. Podivejme se, jak vystavba aZ do dnedniho dne postu-
povala, a co nas podle jejiho planu jesté v nejblizsi dobé ¢eka:

Zakladni trojuhelnik tras A, B a C s pfestupnimi stanicemi Muzeum — Mistek
— Florenc byl dokonéen v r. 1985 zprovoznénim . provozniho Useku trasy B. Po
letodnim otevieni IV. provozniho Useku trasy B bude nasledovat vybudovani
a zprovoznéni IV. provozniho Useku trasy C (Nadrazi HoleSovice—Ladvi) na sever
mésta. Ani tim v8ak vystavba metra nekonéi. V zajmu uspokojeni stale vétsi
poptavky po kvalitni a ekologické hromadné dopravé se jiz pfipravuje dalsi,
v poradi étvrta linka metra, a to trasa D, ktera propoji metrem dosud neobsluho-
vané jizni obytné &tvrti Prahy s centrem a ostatni siti a soué¢asné odleh¢i preté-
Zované trase C. V dalSim vyhledu se podita s prodlouzenim stavajici trasy A jak
vychodnim tak z&padnim smérem (alternativné se v tomto sméru zkouma moz-
nost napojeni letisté), a snad i dalsi trasy ,,E,, kterd by méla tvofit polookruh
odlehéujici centralnim pfestupnim stanicim a spojujici jiz provozované trasy podél
zapadniho a severniho okraje historické ¢asti Prahy. Obr. 1 ukazuje jak dosa-
vadni postup vystavhy, tak pfedpokladané vedeni budoucich tras.

Bez zajimavosti neni ani porovnani, jak v jednotlivych letech pfibyvalo provo-
zovanych kilometrll tras, kolik stanic, a jaké financni objemy byly do vystavby
vkladany (obr. 2).

Pozn.: Vyse investicnich nakladl je uvedena vZdy ve skuleéné vysi v piisius-
ném roce. Z grafu tudiz Ize i vysledovat cenovy narist (napf. v poméru k poctu
stanic ¢&i k délce useku).

CASOVY POSTUP PRIPRAVY A ZAKLADNI UDAJE

Jeho piiprava byla zahajena jiz v roce 1985, kdy byly vydény Uzemni podkla-
dy k Investiénimu zaméru trasy IV. B metra. V nasledujicich tfech letech bylo
zpracovano asi 12 dalsich zasadnich rozbord, studii a ovéfovacich dokumenta-
cf, nezli mohl byt v r. 1988 vydan Projektovy Ukol. Zatim, co probihalo pfipomin-
kové fizeni, bylo v pribéhu roku 1989 vypracovano nékolik dalsich studii a doku-
mentac, tykajici se jednotlivych provéfovanych stanic a Usekl, jakoZ i $irSich
vazeb. V roce 1989 vSak byly zpracovény i prvni jednostupriové projekty, aby
mohla byt stavba zahdjena.

Prvni komplexni dokumentace ve stupni Uvodniho projektu byla vydana v roce
1990. Vlivem zésadnich zmén, kterymi v té dobé republika prochézela se véak
velmi rychle ukdzalo, Zze mnohd feseni, vychazejici z dfivéjSich podminek

The newest part of the Prague Metro, from the view of the client, designer and
contractor. lts relations to previous and future sections and lines. Brief descripti-
on of the architectonic and operational-technical design of stations and tunnels,
with special emphasis to new techniques of driven and cut-and-cover tunnels.

INTRODUCTION

Slowly, but really there is realized the vision which was first specified in more
details more than 70 years ago, and the realization of which was started in the
year 1967 by the decision to build Metro in Prague. Let us see how the whole
structure has continued so far and what can be expected, according to the buil-
ding plan, in the near future.

The basic triangle of the lines A, B and C, with interchange stations Museum
— Mstek — Florenc, was completed in the year 1983 by setting into operation the
Ist operational section of the line B. After the IVth operational section of the line
has been opened this year, the IVth operational section of the line C (Railway
station Holesovice-Laadvi) to the northern part of the City is to be built and set
into operation. However, it is not the end of the building up of the Metro. To satis-
fy the always increasing demand for an ecological public transport of a high qua-
lity, a further Metro line, the fourth one, viz. the line D, is prepared, which con-
nects those southern residential districts of Prague where the Metro, so far, is not
at disposal, to the City centre and to other Metro network, and simultaneously it
relives the overloaded line C. In further perspective plans there is an extension
of the existing line A both in the eastern and western direction (alternatively the-
re is evaluated the possibility to extend the line up to the airport), and there is
also evaluated an other line ,E” which should form a semi-circle for relieving the
central interchange stations, and to connect the existing lines along the western
and northern peripheral parts of Prague. Fig. 1 shows both the hitherto existing
process of the construction up and the supposed future routes.

There is also interesting to compare, how many kilometers of operated lines
and stations increased in individual years, and which financial amounts were
invested into the building up (Fig. 2).

Note: Investment costs are mentioned always in the real amount in the res-
pective year. That is why it is possible to find out from the graph the cost increa-
se (e.g. with respect to the number of stations or to the section length).

CHRONOLOGICAL PROCESS OF PREPARATIONS AND BASIC DATA

The preparation started in the year 1985 when Territorial Documents to the
Project Concept of the Metro Line IV B were issued. Within the following three
years there were elaborated about 12 fundamental analyses, studies and verify-
Ing documentation, before the Design Task was issued in the year 1988. While
the amendment procedure was taking place there were elaborated several other
studies and documents in the course of the year 1989, concerning individual sta-
tions and sections having been inspected, as well as broader relations. But in the
year 1989 even one-stage designs had been elaborated for the construction
could be started.

The first complex documents at the level of the Preliminary Design was issu-
ed in the year 1990. Due to fundamental changes in the Czech Republic at that
time, it was very soon evident that many solutions based on previous conditions
and legal regulations are convenient no more, Said fact, together with limited
financial means, and partially with decreasing the public demand too, damped
the construction. Simultaneously it was necessary to seek solutions, new from
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a zakonnych ustanoveni jsou nevyhovujici. To, spolu s omezenim finanénich
zdroju a z&4sti i se snizenim spolecenské poptavky stavbu utlumilo, a sou¢asné
si vynutilo hledani technicky i organizaéné novych fe$eni. Objevily se pifisnéjsi
pozadavky na ochranu Zivotniho prostiedi, na kvalitu hotového dila, vyrazné se
zkomplikoval proces schvalovani dokumentace. V8echny tyto skuteénosti zpl-
sobily, Ze tato trasa drzi v uréitém smyslu neslavny priméat — nejdel$i doba vystav-
by ze vSech dosud realizovanych a nejvyssi investiéni naklady na jednotku dél-
ky. Soucasné vSak je tfeba konstatovat, Ze zde byly poprvé na prazském metru
uplatnény nékteré konstrukéni prvky a technologie, a to pfedevsim v oblasti pod-
zemniho stavitelstvi, které kvalitu dila vyraznym zplsobem posouvaji kupfedu
a které budou moci byt jiz zcela béZné uplatnény nejen na dalsich trasach met-
ra, ale na vdech ostatnich tunelovych stavbach, kterych se nyni pfipravuje
(zejména v oblasti silniéniho stavitelstvi) veliké mnozstvi.

PREHLEDNA TABULKA ZAKLADNICH UDAJU O ZPROVOZNOVANEM USEKU:

 Nazev stavby | Metro — IV. provozni dsek trasy B
Investor | 1 _Dopravni podnik hl. m. Prahy a. s.

InZenyrska ginnost __I_Qze_nynng dopravnich staveb a. s.
Projektant Metroprojekt Praha a. s.

~ Metrostav a. s. a jeho subdodavatelé

~ CKD Praha DIZ a. s. a jeho subdodavatelé
6450 m
5 (VysoCanska, CKD, Hloubétin, Rajska
zahrada, Cerny Most)

3 (Vysoganska, CKD, Hloubétin)

1280 m

1750 m (Hloubétin—Rajské zahrada)

Do_dava_tei' stavebni ¢asti
Dodavatel technologické ¢asti

 Stavebni délka (pfiblizng)
| Pocet stanic

' Z toho razenych
 Priméma vzdal. stanic
_Max. vzdalenost stanic

the technical point of view and as to organization as well. There appeared more
strict requirements as to the environment protection and the quality of the com-
pleted work, and the approving process of the documentation became more
complicated. All said facts caused that this line has, in a certain meaning, a not
very famous first position, viz. the longest construction period of all hitherto exis-
ting lines and the highest invesiment costs for a length unit. At the same time,
though, it is necessary to note, that there were applied, for the first time in the
Prague Metro, some design elements and techniques, first of all in the underg-
round construction, which increase the quality of the work in a considerable way,
and which shall be now applied as usual ones not only for further lines of the
Metro, but for all other tunnel constructions, a lot of which is now prepared (espe-
cially in the road construction).

WELL-ARRANGED TABLE OF BASIC DATA ON THE SECTION BEING SET
INTO OPERATION:

Name of the construction Metro IV. operational section of the line B

Client - B || quravm podnik hl. Frahy a. s.
Engineering activity _InZenyring dopravnich staveb a. s.
Designer  Metroprojekt Praha a. s.

Contractor for the building part Metrostav a. s. and its subcontractors Y
_Contractor for the technological part| CKD Praha DIZ a. s. and its subconiractors
Butldlng Iength (approx.) 6450 m o

Number of stations 5 ( Vy?éanska’, CKD, Hloubétin, Rajska
zahrada, Cerny Most)

3 (Vysocanska, CKD Hioubétin)

1280 m

1750 m (Hloubétin-Rajska zahrada)

800 m (Ceskomoravska Vysocanskd)

38.996 % (in the section Hloubétin-Rajska

Driven of them
Mean distance between stations

~Max. distance between stations
Min. distance between stations
Max. track gradient

STRUCNY POPIS STANIC A MEZISTANICNICH USEKU

MEZISTANICNi USEK CESKOMORAVSKA-VYSOCANSKA
(STAVEBNI ODDIL Iv. B-01)

Timto Usekem navazuje nova trasa na provozovanou. Velmi obtizné hydroge-
ologické poméry (podchod Rokytky v silné zvodnélych rozrusenych biidlicich) si
vynutil pouZiti litinového osténi a nékterych specialnich technologii na zpevnéni
a utésnéni horninového masivu.

STANICE VYSOCANSKA (ST. ODD. IV. B-02)

Je umisténa v prostoru Namésti OSN v hloubce cca 30 m pod terénem.
Konstrukee tfilodni, razena, pilifova {unifikovaného typu), osténi kombinované,
vzdalenost os koleji 21 m. Vzhledem k oéekdvanému obratu cestujicich a vyzna-
mu lokality, v niz je umisténa, je spojena s povrchem prostiednictvim dvou eska-
latorovych tunelll a dvou vestibulll. KvUli nedostatku finanénich prostiedkd na
vystavbu metra je v8ak v leto$nim roce uvadén do provozu pouze jeden z nich.
(Tento dilvod je spoleény pro celou fadu dalsich omezeni, jak uvidime dale.)

VYSOCANSKA-CKD (ST. ODD. IV. B-03)

Je tvofen dvéma standardné vystrojenymi razenymi tratovymi tunely a dal&imi
objekty, nutnymi pro provoz. Z tunelafského hlediska v ném nebyly pouZity zad-
né zvlastni postupy ani konstrukce.

STANICE CKD (ST. ODD. IV, B-04)

Obdobné jako u stanice predchazejici se jedna o standardni razenou trojlodni
stanici. Umisténa je pod arealem CKD. S povrchem je spojena jednim eskalato-
rovym tunelem. Z dvodtl vy3e uvedenych nebude uvedena do provozu z cestu-
jicimi spoleéné se zahajenim provozu na trase, ale nékteré prace budou pokra-
Covat i po té. Cestujici ji budou moc vyuzivat nejdfive v piistim roce.

MEZISTANICNI USEK CKD-HLOUBETIN (ST. ODD. IV. B-05)

Na tomto tseku byla poprvé na prazského metru oproti ptvodnimu navrhu
(klasické zelezobetonové osténi ukladané erektorem) ve vétdim rozsahu vypro-
jektovana a pfi vystavbé pouzita Nova rakouska tunelovaci metoda (déle
NRTM), takze vétsi ¢ast téchto tunell je jiz vystrojena dvojplastovym monolitic-
kym osténim s mezilehlou plastovou izolaci (primami osténi stfikany beton,

Min. vzdélenost stanic 800 m (Ceskomoravska—Vysotanska) S . zahmds)
Max. skion trasy 38,996 % (v useku Hloubstin—Rajska Min. radius of a directional bend 400 mv(/n the’ section Ceskomoravska—
|  zahrada) —Vysodanska)
Min. polomér smér. oblouku 400 m (v Useku Ceskomoravska—
~Vysocanskd) BRIEF DESCRIPTION OF STATIONS AND SECTIONS

BETWEEN STATIONS

SECTION BETWEEN STATIONS CESKOMORAVSKA-VYSOCANSKA
(BUILDING PART IV, B-01

The new line links up, by means of this section, to the part of the line already
having been operated. For very difficult hydrogeological conditions (underpass of
the Rokytka river in very wet and disrupted slates) it was necessary to apply
a cast iron lining and some special technologies for reinforcing and sealing the
rock massif.

VYSOCANSKA STATION (BUILDING PART IV, B-02)

It is situated in the space of the square Namésti OSN in the depth of about
30 m under the ground. It is a three-bay structure, driven, of piers (unified type),
with combined lining, distance of rails 21 m. With respect to the expected quan-
tity of passengers and importance of the place where the station is located, it is
connected to the surface through two escalator tunnels and two vestibules. Due
to a lack of financial means for building up the Meiro, only one of them is set into
operation this year. (Said reason is common for many other limitations as it will
be shown beneath.)

VYSOCANSKA-CKD (BUILDING PART IV. B-03)

It is formed by two driven track tunnels equipped in a standard way and by
other structures needed for operation. From the tunnel engineering point of view,
there were applied neither special processes nor structures.

CKD STATION (BUILDING PART IV. B-04)

Analogously as in the above mentioned stations, it concerns a driven three-
bay standard station. It is located under the area of the factory CKD. The station
is connected with the ground level by means of one escalator tunnel. Due to rea-
sons mentioned above, it will not be set, into operation with passengers together
with starting the operation of the line, but some works shall continue even there-
after. Passengers may use this station not sooner than in the next year.

THE SECTION BETWEEN THE STATIONS CKD AND HLOUBETIN
(BUILDING PART IV. B-05)

In this section the New Austrian Tunnelling Method (hereinafter NATM only)
was designed and applied in a larger extent during the building up, in contrary to
the original design (a classical A.C. segmental lining placed by means of an
erector), so that the most part of said tunnels is equipped with a double-shell
monolithic lining with an interlying sealing membrane (ptimary lining of shotcre-
te, secondary one of concrete poured behind form). Very good results, evidently
already in the course of the construction, had a considerable influence for enfor-
cing the proposal of a double-track tunnel in the building part 07 (see the desc-
ription of said section and then in the chapter concerning the realization of the
whole work).

HLOUBETIN STATION (BUILDING PART IV. B-06)
The station is located under the low floor housing in the street Mochovska.
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sekundarni lity beton do bednéni). Velmi dobré vysledky, ziejmé jiz v pribéhu
stavby, vyrazné pfispély k prosazeni ndvrhu dvoukolejného tratového tunelu
v ¢4sti stavebniho oddilu 07 (viz popis tohoto Useku a pak v kapitole pojednava-
jici o realizaci stavby).

STANICE HLOUBETIN (ST. ODD. IV. B-06)

Stanice je umisténa pod nizkopodlazni zastavbou v ul. Mochovska. Pivodni
navrh — klasick4 razend tfilodni konstrukce — doznal v pribéhu realizace uréitych
konstrukénich zmén, opét z divodu aplikace nékterych principt NRTM, a to rov-
néz s velmi pozitivnimi vysledky. Jediny eskalatorovy tunel této stanice, umisté-
ny ve velmi obtfznych geologickych i prostorovych podminkach (prochazf tésné
pod objektem restaurace Havana) byl jako prvni na prazském metru rovnéz rea-
lizovan NRTM a na zékladé této zkusenosti bylo rozhodnuto tuto metodu pouzit
na v8ech dal$ich dosud nezrealizovanych eskalatorovych tunelech zcela priorit-
né. BohuZel, tato stanice patfi k tém dvéma, které budou vefejnosti k dispozici
se znadnym zpozdénim oproti ostatnim.

MEZISTANICNI USEK HLOUBETIN~RAJSKA ZAHRADA (ST. ODD IV. B-07)

Teprve v pribéhu realizace prvni ¢asti tratovych tunelll tohoto Useku, kde
z divodU obtizné geologie byly navrZzeny nemechanizované $tity jako jedina v té
dobé dostupna technologie, zaruéujici bezpeénost préce i minimalizaci deforma-
ci nadlozi, se na zakladé dobrych vysledk(l s aplikaci NRTM na jinych Usecich
této trasy metra rozhodlo, Ze druhd ¢ast tohoto mezistani¢niho Gseku, v déice
cca 700 m bude pfeprojektovana do podoby dvoukolejného razeného tunelu pro-
vadéného NRTM, na prazském metru viibec v této podobé poprvé. Pfes velké
technické, technologické i organizaéni potize, s touto zménou spojené, se poda-
filo tento zamér realizovat jak v piipravé, tak na stavbé a jeho vysledky jsou vel-
kym pfislibem pro komplexni zlep$eni kvality vystavby i provozu tuneld metra do
budoucna.

STANICE RAJSKA ZAHRADA (ST. ODD. IV. B-08)

Jedna se o prvni ze dvou stanic tohoto provozniho Useku, vybudovanou
v otevfené stavebni jamé, z&asti dokonce na povrchu. Konstrukce stanice i pii-
lehlého hloubeného useku tratovych tuneld je prevazné Zelezobetonova monoli-
ticka, doplnéna nékterymi ocelovymi prvky, vytvarejicimi spolu s neobvyklym dis-
pozitnim feSenim (boéni nastupisté pfi emz kazdé v jiné vyskové drovni) mimo-
fadné zdafily architektonicko-provozni komplex, na prazském metru zcela ojedi-
nély.

The original project — a classical driven three-bay siructure — was changed in
a certain design way, again due to the wish to apply some principles of NATM,
viz. also with very positive results. The only escalator tunnel of this station, situ-
ated in very difficult geological and space-related conditions (it passes just under
the building of the restaurant Havana), was realized as the first in the Prague
Metro by means of the NATM and with respect to this experience it was decided
to apply said method for all other, so far unrealized escalator tunnels, viz. with in
a priority way. Sorry to state that this station ranks among those two stations
which will be at disposal of the public with a considerable delay with respect to
other ones. o .

THE SECTION BETWEEN THE STATIONS HLOUBETIN-RAJSKA ZAHRADA
(BUILDING PART IV. B-07)

Only in the course of the realization of the first part of track tunnels of this sec-
tion, where, due to a difficult geology, non-mechanized shields were designed as
the only accessible technology ensuring the safety of work and minimizing over-
burden deformations, on the basis of good results of the NATM application in
other sections of this Metro line, it was resolved that the second part of this sec-
tion between the stations, in the length of about 700 m, shall be redesigned for
a driven double-track tunnel performed by means of the NATM, on the Prague
Metro construction for the first time. In spite of technical and technological troub-
les and problems of organization related to said change, this intention was reali-
zed both in preparation works and on the building site, and its results are a gre-
at promise for improving quality of construction and operation of Metro tunnels in
the future.

RAJSKA ZAHRADA STATION (BUILDING PART IV. B-08)

It concerns the first of two stations of this operational section, built up in an
open building pit, partially at the ground level. The structure of the station and of
the adjacent cut-and-cover section of track tunnels is mostly monolithic, made of
reinforced concrete, completed with some steel elements, forming, together with
an unusual layout solution (side platforms, each at another height level) an extra-
ordinarily successful architectonic operational works, unique in the Prague Metro
construction. . 3 i
THE SECTION BETWEEN THE STATIONS RAJSKA ZAHRADA-CERNY MOST
(BUILDING PART IV. B-09)

This section is also extraordinary in its kind. It passes along the street
Chlumecka. Partially it is built up in a sunk pit as single-track tunnels in a mono-
lithic R.C. frame in the length of about 250 m, the rest goes on the ground and
even over the ground, partially on a compacted embankment, partially in the form
of a bridge structure formed by a closed R.C. frame. Inside there takes place
a double-track Metro funnel, and above there is an area for pedestrians. Even
this section is a significant architectonic element, completing this part of the hou-
sing quarters Cerny Most. It is a pity that — again due to the lack of financial

PRAGUE METRO DEVELOPMENT

Annual values

== Investment cost
(billion CZK)

I Operation length

I Number of stations

—A— Invest. cost total

Total values

—— Total operation
length

~— Total number of
stations
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MEZISTANICNI USEK RAJSKA ZAHRADA-CERNY MOST (ST. ODD. IV. B-09)

Rovnéz tento Usek je svym zplsobem vyjimeény. Probihd podél ulice
Chiumecké. Zéasti je vybudovan v hloubené jamé, a to jako jednokolejné tunely
v monolitickém Zelezobetonovém ramu v délce cca 250 m, zbytek vede PO povr-
chu terénu a dokonce nad terénem, zédsti na hutnéném naspu, z¢éasli v podobé
mostni konstrukce, tvofené uzavienym zelezobetonovym ramem. Uvniti procha-
z{ dvoukolejny tunel metra, nahofe je plocha pro pési komunikaci. | tento Gsek je
vyraznym architektonickym prvkem, dotvafejicim tuto ¢ast sidlists Cemy Most,
Je skoda, Ze opét z divodu nedostatku finanénich prostiedky bylo tfeba ¢ast
dokonCovacich praci, které predevsim dotvareji celkovy vzhled stavby, odsunout
az na dobu po uvedeni trasy do provozu.

STANICE CERNY MOST (ST. ODD. IV. B-10)

Je koncovou stanici trasy B ve vychodnim sektoru Prahy pii jiznim okraji ul.
Chlumecké pfed kifzenim s vn&jgim dalniénim okruhem v mistech kde zading
dalnice D 11 (smér Podébrady-Hradec Kralové) a rychiostni komunikace ¢. 10
(smér Mlada Boleslav-Liberec). Pfivedenim metra do tohoto (zem! se jeho
atraktivita pro investory mnohonasobné zvysila, coz dokladuje intenzivni — z&as-
i jiz provozovana, zgasti dokonéovand — vystavba obfiho obchodniho centra
a dalSich vefejnych obsluznych komplexti. Existence tohoto centra zpétné zvysi-
la vyznam tohoto (seku trasy a zmnohonasobila jeho vytizenost a vyznam nejen
lokalni, ale celoméstsky. Stanice sama je opét povrchova, zéasti budovand
v oteviené stavebni jamé, konstrukce monoliticka Zelezobetonova s doplnujicimi
ocelovymi prvky. Stava se vyraznou architektonickou dominantou a dalezitym
dopravnim uzlem této Casti Prahy.

TECHNOLOGIE VYSTAVBY TUNELOVYCH OBJEKTU NA TRASE IV. B

Uz doba vystavby trasy v obdobi 1989-1998, 1j. obdobf vyznamnych spole-
censko-politickych zmén pfedurcuje tuto trasu i v oblasti vyvoje technologii tune-
lovani do pfechodu od kvantitativniho rozvoje do kvalitativniho.

Prstencova metoda s mechanizaci sovétského typu, ktera byla od zahajeni
vystavby metra od 70. let zakladni & nosnou takika pro v8echny druhy tunelo-
vych staveb na metru, pfestala byt z hiediska kvality ekonomické efektivity pro-
gresivni.

Pominul jisty politicky vliv a naopak oteviely se informace z oblasti zemi, kte-
ré Ize nazvat tunelaiskymi velmocemi. Technické vyspélost projektantdl i zkuse-
nosti realizace staveb v zahrani¢i mély hlavni viiv, Ze alespor na &asti budované
trasy se uskutecnila zména technickych a technologickych fegeni a to hlavné
k posunu k technologii nové rakouské metody. V neposledni fadé k tomu plispé-
ly i zvy8ené poZadavky na kvalitu z titulu vodotésnosti, ale | zastaralosti mecha-
nizace dovazené z oblasti byvalého Sovétského svazu.

Pokud shrmeme razbu tunelli die technologie, dochazime k nasledujicimu
zavéru vyjadienému v tabulce.

TRATOVE TUNELY

Od zahajeni vystavby byla zakladni technologii pro razbu trat. tuneld prsten-

1.C !
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means ~ a part of finishing works which, in the first place, completes the total
appearance of the structure, had to be posiponed after setting the line into ope-
ration.

CERNY MOST STATION (BUILDING PART IV. B-10)

This slation is the final station of the line B on the eastern outskirts of Prague
at the southem side of the street Chlumecka, before the crossing with the outer
moiorway ring in the area where the motorway D 11 (direction
Padébrady-Hradec Kralové) and the speed road No. 10 (direction Miada
Boleslav-Liberec) start. By projecting the Metro in this area, its atiractiveness for
investors increased many limes, which is documented by an intensive — partial-
ly operated, partially being finished - building up of a giant business cenire and
further public service complexes. The existence of this centre relrospectively inc-
reased the importance of this section of the line, and many times increased both
its use to full advantage and its importance not only locally but with respect fo the
whole City. The proper station is on the ground, partially built up in an open buil-
ding pit, the structure is monolithic, ferroconcrete with additional steel elements.
It becomes a striking dominant architectonic building and an important commu-
nication centre of this part of Prague.

CONSTRUCTION TECHNIQUES OF TUNNEL STRUCTURES
ONTHELINE IV. B

The construction time of the line within the years from 1989 il 1998, ie.
a period of important social-political changes, determines this line, even in the
sphere of development of tunneling techniques to replace the quaniitative inc-
rease lo the qualitative one.

The ring method with the mechanization of a Soviet lype which was the basic
methad from the slart of the Metro building up from the seventies for all kinds of
tunnel structures of the Metro, was no more progressive from the quality point of
view as well as with respect lo the economic efficiency.

A certain political influence was stopped, and, vice versa, information from
countries which can be named as funneling big powers became accessible. The
technical skill of designers and experience with constructions of abroad had the
main influence that at least in a part of the line, being under construction, a chan-

Vestibul povrchové stanice — Cerny Most
Vestibule of the surface station — Cerny Most
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cova metoda s litinovou nebo zelezobetonovou obezdivkou. Tato technologie
umoziiovala tradiéné v prazském horninovém prostiedi zabudovani pevného
osténi pfi dostateéné stabilité volného vyrubu od jedné do nékolika hodin.
Zdakladni mechanizaci byly sovétské erektory nebo nemechanizované Stity
s mechanickymi podavaéi prvki osténi. Tato technologie byla pfevazné kombi-
novana s trhaci praci pro rozpojovani hornin,

Prototypovy razici stroj s frézou AM 50 byl vyuZit jen v kratké délce tunelu
(400 m) bez vyraznéjsiho dspéchu.

| pfes pomérmé dobré ekonomické vysledky pfi pouziti této tradiéni technolo-
gie, jeji velké nedostatky hlavné v cblasti zajisténi vodotésnosti osténi vedly ke
kvalitativni zméné technologie na nékolika Usecich.

Na stavebnim oddile 05 stanice CKD-stanice Hloubétin byly v délce cca
1700 m vybudovany tunely o kruhovém priméru 5,1 m technologii NRTM (Nova
rakouska tunelovaci metoda) pii vyuZiti tuzemské mechanizace s trhaci praci
a odtéZenim kolejovou mechanizaci. Definitivni monolitickd obezdivka s mezi-
lehlou izolaci svoji kvalitou vodonepropustného osténi pfedCila nedostatky ope-
raci, které nebyly optimalni.

Prednosti NRTM se v&ak mohly pIné rozvinout pfi vystavbé 780 m dlouhého
dvoukolejného tunelu, ktery vznikl pfeprojektovanim plvodnich tunelti jednoko-
lejnych. Dvoukolejny tunel s plastovou izolaci a definitivnim monolitickym osté-
nim nabidl investorovi novy kvalitativni standard, pfi stejné finanéni naro¢nosti na
vystavbu dila. Tunel s proménnym profilem 54-75 m2 byl veden pod povrchem
v proménné hloubce 8-26 m. Pravé flexibilita NRTM umoznila varianty razby,
které zajistila udrzeni stabilni ¢elby i minimalizace poklesl. Z hlediska inzenyr-
sko-geologickych pomér(i byly priichozi horniny zafazené dle klasifikace QTS do
tiidy 5 (zvétralé rozlozené ordovické bridlice) a 4 (bfidlice s kiemenci). Tuto sku-
te¢nost respektovala v maximalni mife i navrzena technologie.

V Usecich tfid 5 a 5a byla zcela vylouéena trhaci prace a provadél se ochran-
ny destnik, pfi portalové ¢asti z mikropilot. V téchto dsecich bylo nutno zvolit hori-
zontalni ¢lenéni s kratkym jadrem.

V Usecich tfidy 4 bylo hlavné z diivodu vyskytu kfemencl pouZzito trhaci pra-
ce. Primarni osténi ze stfikaného betonu tloustky 25-30 cm v kombinaci s pfi-
hradovym obloukem Bretex a dvojitou siti bylo realizovano a ve vazbé na postup
vylomu bez Easové prodlevy. Bezprostfedné nésledovaly operace osazovani
kotev (SN nebo HVS 80 do délky 3-5 m). OdtéZovani jadra se provadélo po pre-
draZeni kaloty na délku max. 10 m. Uzavirani spodni klenby se korigovala ve vaz-
bé na sedani povrchu a pribéh konvergenci v tunelu.

Strojni sestava:
— hydraulicky vrtacf viiz Atlas Copco Boomer 352
- pésové hydraulické rypadio Liebherr
— pasovy naklada¢ Caterpillar 953 B
— automobily Tatra 815
— hydraulicka plosina KTR-M2
- stfikaci komplex Aliva Duplo
— betonarka Orv-Marte
Monitoring sledovani pii razbé byl sestaven z méfeni poklesi na povrchu,
extenzometrického méfeni ve vrtech, konvergenéniho méfeni v tunelu a geode-
tického méfeni vybranych bodl konvergenéniho profilu a geologického sledo-
vani.

ge of technical and technological solutions was realized, viz. mainly by applying
the technology of the new Austrian method. It was caused, not in the last place,
by increased requirements as to the quality due to watertighiness, but also by
outmoded mechanization imported from the region of the previous Soviet Union.

TRACK TUNNELS

From the beginning of the works, the basic technique for driving track tunnels
was represented by a ring method with a cast iron or reinforced concrete tunnel
lining. This technique, traditionally, made it possible to build in a final lining in the
Prague rock environment at a sufficient stability of unsupported rock from one to
several hours. The basic mechanisms were represented by Soviet erectors or
non-mechanized shields with segment erlectors. This technique was mostly
combined with blasting work for disintegrating rocks.

The model driving machine with a roadheader AM 50 was utilized only for
a short length of the tunnel (400 m) without a considerable sticcess.

Even in spite of relatively good economic results when applying this traditio-
nal technique, important drawbacks, particularly in ensuring the watertightness of
the lining, resulted in a qualitative change of the technique in several track sec-
tions.

In the building part 05 CKD station — Hloubétin station there were performed
tunnels in the length of about 1700 m of the circular diameter equal to 5,1 m by
means of the NATM (New Austrian Tunneling Method) when applying the inland
mechanization with a blasting work and rail-bound mucking system. The final
monolithic lining with an interlaying insulation suppressed, by its quality of the
watertight lining, drawbacks of operations which were not perfect.

Advantages of the NATM could be, though, fully developed during implemen-
tation of a double-track tunnel which arose by redesigning the original single-
track tunnels. The double-track tunnel with a membrane insulation and a final
drilling rig monolithic lining provided the client a higher qualitative standard at the
same financial costs. A tunnel with a variable profile of 54 to 75 m2 passed
underground in a variable depth of 8 to 26 m. It was the flexibility of the NATM
which enables variants of driving and ensured both to keep a stable heading and
to minimize the sefflement. From the point of view of the engineering-geological
conditions, the rocks, through which the track passed, were classified in the QTS
class 5 (weathered decomposed Ordovician slates) and 4 (slate and quartz).
Said fact was also respected in maximum extent even by the proposed techni-
que.

In sections of classes 5 and 5a, there were completely eliminated blasting
works, and a protective umbrella was provided at the portal part made of micro-
piles. It was necessary to select a horizontal excavation sequence with a short
core in these sections.

The blasting work was performed in sections of the class 4, because of
encountered quarizites. The primary lining made of shoicrete, 25 to 30 cm thick,
in combination with lattice girders Bretex and a two layers of wire mesh was rea-
lized with respect to the heading advanced without any time delay. Just after it,
installation of anchors (SN or HVS 80 to the length of 3 to 5§ m) followed. The core
excavation was performed after the excavation top heading to the length of max.
10 m. The closing the invert was corrected with respect to the surface settlement
and lo the course of convergences in the tunnel.

RESPECTIVE SET OF MACHINES:

— Atlas Copco Boomer 352 drilling rig
— crawler excavator Liebherr

— crawler loader Caterpillar 953 B

Prague metro development
prognosis (after year 2000)

PRAGUE METRO LINE B EXTENSION - SECTION IV.B.

general layout

i)
Double irack tnnet (VAT
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Vysledky méfeni, az na jedinou vyjimku, neprokazaly pfekroéeni meznich
hodnot statického vypoctu a pohybovaly se v rozmezi dosazeni do 30-50 %.

Vykony razby dosahovaly hodnot 50-70 m/mésic dle geologickych podminek.

RaZzba probéhla bez mimoradnych udélosti.

Definitivni osténi tl. 50 cm pfi mezilehlé izolaci o tl. 2 mm bylo provedeno zEés-
ti z monolitického betonu betonovaného do posuvného bednéni nebo stfikaného
betonu.

STANICNI TUNELY

Typ trojlodni Zelezobetonové stanice byl v konstrukénim i technologickém
feseni dopracovan uz na pfedchozich trasdch. Také na této trase nasla prsten-
cova metoda pfi vyuzivani obezdivky ze Zelezobetonovych prefabrikovanych prv-
ki své optimdlni variace. To také dovolilo dosahovat velmi progresivni produkti-
vity pfi postupech cca 30 m za mésic, bez vaznych mimoradnych udélosti.

Pri vystavbé krajnich tunelll se pfi hrubém vyrubu tunelu o vn&j$im praméru
8,8 m osvédcilo clenéni dfive vyrazenymi pilottunely a na stfednich tunelech bez-
trhavinovym razenim horni kaloty. Pfi vlastnim raZeni cyklicky opakovatelny ryt-
mus vrtani se zabirkou max. 1,5 m, trhaci prace, nakladani rubaniny, zabezpe-
éeni Celby stiikanym betonem a zavéreénou operaci osazeni Zelezobetonové
obezdivky nebyl az na vyjimky pii priichodu obtiZznych geologickych podminek
ménén.

Z hlediska novych technologif byla zajimavéjsi vystavba napinaci komory na
stanici Hloubétin a prestupnich tuneld na stanici Vysocanska. V obou se vyuZilo
technologie NRTM.

Usti jednokolejnych TT do dvoukolejného
Mouth of the one-track tunnels into the double-track one

— lorries Tatra 815

— hydraulic access platform KTR-M2
— spraying complex Aliva Duplo 285
— concrete mixing plant Orw-Marte

The monitoring during the driving process was compiled from measuring of
surface settlement, extensometric measurements in bore holes, convergency
measuring in the tunnel and from surveying selected points of the convergency
profile and geological monitoring.

The measuring results, with one exception, did not prove any exceeding of
limit values of the static calculation and they moved within the scope up to 30 to
50 %.

Driving progress achieved the values of 50 to 70 m/month depending on geo-
logical conditions.

The excavation was performed without any extraordinary events.

The final lining, thickness 50 cm, at the interlying insulation, thick 2 mm, was
partially made of monolithic concrete, concreted into moving forms, or of shot-
crefe.

STATION TUNNELS

The design and construction techniques of a three-bay R.C. siation were
developed for the previous lines. If it concerns this line, the ring method utilizing
the lining made of precast segments found here its perfect variations, which
made it possible to achieve a very progressive efficiency at building up about
30 m per month, without serious extraordinary events.

When building side tunnels, during the rough excavation of the tunnel having
its external diameter equal to 8.8 m, there was proved to be advantageous an
articulation by means of previously driven pilot-funnels and, as to middle tunne-
Is, it was advantageous a driving of the top heading without explosives. During
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Také stavajici technologie tésnéni spar prefabrikovanych Zelezobetonovych
ale i litinovych tubingll na bazi cementovych malt se neukézala ve zvodnélém
prostfedi masivu dostaéujici. Tento jakostni nedostatek byl proto na trase elimi-
novén jak na stanicnich, tak trafovych tunelech tésnénim spar materidlem na
bazi polyuretanovych pryskyfic.

ESKALATOROVE SIKME TUNELY

AZ na jeden tunel na stanici Vyso&anska véechny dalsi tfi tunely byly razeny
technologii NRTM. Neni bez zajimavosti, ze pravé tady pfi prichodu silné naru-
Senych skalnich dtvar(i a vazby na povrchovou situaci se tato metoda razby piné
osvédéila. V kombinaci definitivni monolitické betonové obezdivky s mezilehlou
izolaci se navic odstranil jeden z nejvétsich problém( vystavby vodotésnosti
téchto spojovacich tuneld.

DOPRAVNi VYZNAM TRASY IV. B

IV. provozni Gsek trasy metra IV. B zajistuje dopravni obsluhu primyslového
aredlu Vysodan, Hloubétina, Kyji a oblasti Cerného Mostu.

Po uvedeni trasy do provozu se oblast Cermého Mostu dostava do pasma
atraktivni dostupnosti centralni oblasti mésta, coz ve svém disledku pfinese
podstatny rozvoj oblasti Cerného Mostu a to jak z hlediska obchodné komeréni-
ho, tak i z hlediska bydleni. Sou¢asné se zprovoznénim trasy dojde v jeji oblasti
ke snizeni objemu autobusové méstské hromadné dopravy a ¢asteéné i ostatni

7 .

#

RaZena stanice — VysoCanska
The driven station — Vysocanska

the proper driving, the cyclical rhythm of drilling with max. length of 1.5 m, blas-
ting work, loading muck, securing the face with shotcrete and final operation, i.e.
to install the R.C. lining, was not changed, except exceptions if it concerns diffi-
cult geological conditions.

With respect to new technologies, the excavation of the tightening chamber in
the Hloubétin station was more interesting, as well as the construction of inter-
change tunnels, in the Vysodanska station. In both cases there was utilized the
NATM technology.

The existing techniques of joint sealing of precast R.C. tubings, but also cast
iron ones, on the basis of cement mortars, proved to be insufficient under very
wet conditions of the rock. This lack of quality was therefore eliminated, both in
the station tunnels and running ones, by means of sealing joints with materials
on the basis of polyuretane resins.

INCLINE ESCALATOR TUNNELS

With the exception of one tunnel in the Viysocanska station, all other three
tunells were driven by means of the NATM technique. It is interesting that just
there, when passing through very broken rocky formations, this method proved
very effective. In combination with the final cast-in-situ concrete lining with the
interlying insulation, one of the most serious problems of the construction, i.e.
watertightness of these merging tunnels, was eliminated.

TRANSPORT IMPORTANCE OF THE LINE IV. B

The IVih operational section of the Metro IV. B ensures the transport in the
industrial area comprising Vysocany, Hloubétin, Kyje and the area of Cerny Most.
After having set the line into operation, the area Cerny Most becomes




»» 7. ROCNIK, é. 4/98

Tunel

autobusové dopravy. Napf. stanice ,,Palmovka" bude vyrazné zklidnéna pfesu-
nem pievladajicich dopravnich vazeb autobusové méstské hromadné dopravy
a hromadné dopravy vychodnim smérem. U stanice ,,Ceskomoravska, dojde
k ¢astecnému odlehéeni o autobusové vazby spadujici z vychodu. Navoz cestu-
jicich ze severni trasy a severovychodu zde zlstava. Systém zachytnych parko-
vist P + R u stanic metra vytvafi predpoklad pro snizeni zatéze centra individu-
alni automobilovou dopravou. Ve svém disledku tyto zmény jsou pfinosem pro
zZlep$eni Zivotniho prostiedi zejména v této ¢asti Prahy.

Zaroven se rozSifuje spadové Uzemi trasy B. Hranice spadového Gzemi
vychazeji z éasové dostupnosti ke kontrolnimu bodu a sice ke stanici MUstek.
Spadové Uzemi IV. provozniho Useku zahrnuje zejména vychodni ¢ast Proseka,
Letiiany, Cakovice, Kbely, Vysocany, Hloubétin, Kyje, Horni a Dolni Pocernice,
B&chovice, Ujezd nad Lesy, Klanovice, Satalice, Vinof, Treboradice, Migkovice
s celkovym predpokladanym poctem obyvatel v roce 2000 cca 126 000.

Z hlediska obchodné komeréniho se spadové Gzemi trasy stalo znaéné atrak-
tivnim azemim. Zvl4sté oblast Cemého Mostu. Od prosince 1997 je zde v pro-
vozu hypermarket CCM, dokonéuje se vystavba arealll Hornbach, Makro, zaha-
juje se vystavba prodejniho aredlu nabytku Walther, projekiuje se dostavba
komerénich objektl celého Uzemi nad tubusem metra.

Nabizené pfepravni kapacita 23 000 osob v maximalni hodiné pokryje pfe-
pravni pozadavky z uvedeného Uzemi spaduijicho na trasu B a to i ve vztahu
k uvazovanému budoucimu demografickému naristu obyvatel.

Cela trasa je feSena na navrhovou rychlost 80 km/hod. a interval 90 sec.
Provozni interval v dopravni $picce se predpoklada 180 sec. Maximalni stoupa-
ni dosahuje trasa v Useku ,,Hloubétin—Rajska zahrada" — téméf 39 */w. Na vSech-
ny stanice je bezbariérovy pfistup.

FINANCOVANI VYSTAVBY METRA

Hlavnim zdrojem financovani staveb metra byly Gcelové dotace ze statniho
rozpoctu. Zafazeni jednotlivych staveb do financovani pfedchazelo projednani
ve vladé. V minulém roce postihl stejné jako vSechny ostatni dopravni stavby
v Praze i étvrty provozni Usek trasy B nedostatek financi. | pfesto stavba pokra-
Cuje a v zavéru letodniho roku jsou uvedeny do provozu jen stanice s pfimou vaz-
bou na povrchovou dopravu cestuijicich, to znamena Vysodanska (ale pouze
s jednim vestibulem), Rajskd zahrada a Cerny Most. Dal3i stanice — CKD,
Hloubétin a zapadni vestibul stanice Vysocanska budou uvedeny do provozu
v nasledujicich letech. Tyto stanice budou zatim pouze prijezdné. Nebudou
dokonéeny véechny stavebni Upravy,, z technologickych zafizeni bude u téchto
stanic dokondéena pouze technologie zajitujici prijezd vozidel. U stanice Rajska
zahrada nebudou dokong&eny rozsahlé povrchové Upravy, ale stanice bude v pro-
vozu s cestujicimi. Stanice Cerny Most bude jako terminal méstské hromadné
dopravy dokoncena véetné zachytnych parkovist pro individualni automobilovou
dopravu.

Spadové oblasti stanic CKD a Hloubé&tin budou obsluhovany povrchovou,
zejména tramvajovou dopravou. Se stavbou této Casti trasy B se zacalo v roce
1989, do konce roku 1997 bylo prostavéno 5,7 miliardy korun. V roce 1998, aby
bylo mozné zahaijit provoz v takové varianté, jak bylo naznageno vyse, si vyza-
daji finanéni prostfedky 1,8 miliardy korun. Dokon¢ovaci prace a vSe potfebné
pro kompletni dokonceni IV. Useku trasy B si vyzada v nasledujicich letech ¢ast-
ku 1,5 miliardy korun. Nejedna se rozhodné o levnou zaleZitost pro rozpocet
mésta a statu. Celkové naklady tak dosahnou vice jak 9,5 mid. K&.

Financovanf trasy IV. B metra bylo ze statniho rozpoctu. Vys$e této dotace
v jednotlivych letech nestoupala, naopak v letech 1996-1997 vyrazné poklesla
a ve statnim rozpoétu na rok 1998 se objevila ¢astka 00 K&. Vezmeme-li v Uva-
hu liberalizaci cen v letech 1992-1994 a meziro¢ni inflaéni nardst minimalné
0 10 %, pak tyto prostfedky nemohly zarucit plynuly postup vystavby. Proio
v letech 1997 a 1998 financovani zajistilo hlavni mésto Praha. Uvedenim trasy
IV. B do provozu s cestujicimi v roce 1998 vystavba tohoto Useku metra nekon-
&i. Je nutné urychlené zprovoznit vy€lenéné Casti trasy.

Rozvoj prazského metra by mél v dalSich letech pokracovat. Magistrat hl. m.
Prahy vydal Uzemni rozhodnuti na prodlouZeni trasy C metra ze stanice Nadrazi
Holesovice do oblasti Severniho Mésta. Prodlouzeni trasy C pfedstavuje délku
3,9 km prevazné razenych tunelll. Ve fazi projektové pfipravy je vystavba jedno-
tlivych provoznich &asti trasy D.

Hlavnim pfedpokladem rozvoje metra v dalsim obdobi je zajisténi jeho finan-
covani, na ném by se mél podilet stat a hlavni mésto Praha.

interesting with respect to the easy accessibility to central parts of the City, which
will result in a considerable development of the area Cerny Most, both from the
business point of view and from the dwelling one. At the same time with setting
the line into operation, the public bus transport will be decreased in said area,
and partially even other bus transport will be decreased as well. E.g. the
Palmovka station will become considerably more quiet by transferring most of
interchange points between the public bus transport and Metro more to the east.
At the Ceskomoravska station there will be decreased the interchange from bus-
ses coming from east regions. The interchange from busses coming from the
northern routes and from north-east, will stay the same. The system of parking-
lots at Metro stations forms preconditions for decreasing individual passenger-
car transport in the City centre. The consequences of said changes will result in
improving the environment especially in this part of Prague.

At the same time the hinterland of the line B is enlarged. Limits of the hinter-
land result from the time accessibility to the control point, i.e. to the Mistek sta-
tion. The hinterland of the IVth operation section comprises especially the eas-
tern part of Prosek, Letriany, Cakovice, Kbely, Vysocany, Hloubétin, Kyje, Horni
a Doini Podernice, Béchovice, Ujezd nad Lesy, Klanovice, Satalice, Vinof
Treboradice, Miskovice, with the assumed number of inhabitants in the year 2000
—about 126 000.

From the business and commercial point of view, the hinterland became
a very attractive area. Especially the area Cerny Most. In December 1997 there
was set into operation a hypermarket CCM, the building up of the business cen-
ters Hornbach, Makro are under completing, the building up of the furniture sel-
ling centre Waither has been started, the completing of commercial buildings of
the whole area over the Metro track is just being designed.

The offered transport capacity — 23 000 passengers in the rush hour — will
cover transport requirements from said area being the hinterland of the line B,
viz. even with respect to the future demographic increase of population.

The whole line has been designed to the proposed speed 80 km per hour, with
the interval of 90 sec. The operational interval in the traffic peak is supposed to
be 180 sec. Maximum gradient of the line is in the section "Hloubétin-Rajska
zahrada” — nearly 39 %w. Accesses for handicaped persons exist in all stations.

THE METRO PROJECT FUNDING

Purpose appropriations from the state budget were the main source for the
Metro construction funding. Individual constructions were included into the finan-
cing schedule after having been discussed in the government. In the last year
even the fourth operational section of the line B was affected, in the same way
as other transport constructions in Prague, by a lack of financial means. In spite
of this fact the construction goes on, and at the end of this year there will be set
into operation only stations, to which other means of public transport link up, i.e.
the station Viysocanské (but only with one vestibule), Rajské zahrada and Cerny
Most. Other stations — CKD, Hloubétin and the western vestibule of the station
VySehradska will be set into operation within next years. Trains shall only pass
through said stations. All construction works will be not completed, as to techno-
logical equipment, only such a technology will be completed, which is needed for
passing trains. As to the station Rajska zahrada, extensive surface works will not
be completed, but the station will be set into operation with passengers. The sta-
tion Cerny Most will be completed as a terminal of the municipal public transport,
including parking-lots for the individual car transport.

Hinterlands of the stations CKD and Hloubétin will be served with the ground
transport, especially with trams. The building up of this part of the line B was star-
ted in the year 1989, till the end of the year 1997 there were spent 5.7 milliard
CZK. In the year 1998, to be able to start the operation in such a variant as men-
tioned above, it will require financial means in the amount of 1.8 milliard CZK.
Finishing works and all needed for a complete finishing of the IVth section of the
line B, will require, within next years, the amount of about 1.5 milliard CZK. It is
not a cheap matter for the budget of our City and state. Total expenses will achi-
eve more than 9.5 milliard CZK.

The section IV. B of the Metro was funded from the state budget. The amount
of this appropriation was not increasing in individual years, in contrary, in the
years 1996 to 1997 it was decreased considerably and in the budget for the year
1998 there appeared the amount 00.00 CZK. If one takes into consideration the
liberalization of prices within the years 1992 to 1994 and the interannual inflation
increase by 10 % at least, then said means could not ensure a continuous pro-
gress of the construction. That is why in the years 1997 and 1998 the Capital
Prague ensured said funding. By setting into operation the section IV B with pas-
sengers in the year 1998, the consiruction of this Metro section is not at its end.
It is necessary to set into operation quickly the unfinished parts of the line.

The development of the Prague Metro should continue in next years. The
Prague’s City Hall issued the decision to extend the Metro line C from the stati-
on NadraZi HoleSovice (Holedovice Railway station) to the area of the Northern
Town. The extension of the line C represents the length of 3.9 km of tunnels,
mostly driven. The construction of individual operational parts of the line D is in
the phase of a preliminary designing.

The main assumption of the Metro development in the future period resides
in ensuring its funding, in which the government and the Capital Prague should
take part.
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TUNEL POD MRAZOVKOU V PRAZE

THE TUNNEL UNDER THE MRAZOVKA HILL IN PRAGUE

Ing. PAVEL KRASNY, Ing. ZDENEK NEKVASIL, PUDIS, a. s.

Tunel pod Mrazovkou, jak se obecné soubor staveb méstského okruhu v Use-
ku Radlicka—Strahovsky tunel (RAST) nazyva, pfedstavuje ve svém vysledném
navrhu slozity proces hledani co nejoptimélnéjino fedeni propojeni mezi soubo-
rem staveb MO Zlichov—Radlicka a souborem staveb Strahovského tunelu.

V tomto ¢asopisu vychazeji dva na sobé navazujici ¢lanky. Prvni ¢lanek je
vénovan historickému vyvoji dopravniho fedent, vyslednému dopravnimu feSeni
a hlavnim (dajim o souboru staveb. Jeho autorem je Ing. P. Krasny
z PUDIS a. s. — hlavni inzenyr projektu tunelll pod Mrazovkou. Druhy &lanek
autor( Ing. J. Dvorak, Ing. M. Gramblicka, Ing. J. Némeéek a Ing. L. Sajtar je
vénovan vlastni problematice navrhu tunelu.

Vzhledem k tomu, Ze tunel pod Mrazovkou patfi k nejvyznamnéjsim tunelo-
vym stavbam pfipravovanym do vystavby nejen v Praze ale i v Ceské republice,
bude o jeho vystavbé v ¢asopisu Tunel nasledovat ziejmé fada dalSich ¢lankl
informuijicich tunelaiskou vefejnost o postupu praci na tomto podzemnim dile.

Vysledny navrh souboru staveb je kolektivni praci dvou firem PUDIS a SAT-
RA, ke kterému vyrazné pfispéla soucinnost vSech organu statni spravy, zejme-
na véak Odboru méstského investora Magistratu hlavniho mésta Prahy a inves-
torské organizace VIS a. s. zajistljici viastni pfipravu této akce. Pro findlni dopra-
covani jiZ realizaéni dokumentace je vyznamny podil na zakladé vefejné obchod-
ni soutéZe vybranych dodavatelskych organizaci Metrostav a. s. a Subterra a. s.

DOPRAVNi RESENi SOUBORU STAVEB
RADLICKA-STRAHOVSKY TUNEL

uvob

Praha je vyjimeéna svou krasou, urbanistickymi a architektonickymi kvalitami
a historickou paméti mezi evropskymi metropolemi a jeji historické jadro bylo
zapsano do seznamu pamatek UNESCO. Je rovnéz vyjimeéna tim, ze dodnes
nema dobudovanou sit' hlavnich komunikaci a vlastni dostavba téchto komuni-
kaci se neumérné prodluzuje a zdaleka neodpovida ristu automobilové dopravy.

Je nespornou skuteénosti, ze v centralni oblasti Prahy panuje jiz po léta kri-
ticky stav Zivotniho prostfedi, na kterém se podili kromé Skodlivych zplodin pro-
dukovanych velkym mnozstvim lokalnich topenist' i emise z automobilové dopra-
vy.

V centralni oblasti Prahy je z hlediska dopravnich potfeb nejkritictéjsi stav
v severozapadnim segmentu. Zatim co severni ¢ast je ve stadiu vyhledavani
optimalniho feSeni, v zapadnim segmentu zahrnujicim Usek mezi Barrandov-
skym mostem a severnim vyusténim Strahovského tunelu vystavba nebo pfipra-
va staveb jiz pokrocila podstatné dal. V minulych &islech tohoto ¢asopisu vysly
¢lanky vénované Strahovskému tunelu, ktery pfedstavuje jednu z nejvyznam-
néjsich dopravnich staveb v Praze. Tato souc¢ast méstského okruhu byla v pro-
sinci minulého roku uvedena do zku$ebniho provozu. Vystavbou tohoto tunelu,
kde je nutno jesté dobudovat kfizovatky na obou pfedpolich, byl ucinén rozho-
dujici krok pro vystavbu méstského okruhu v zapadnim sektoru Prahy. Pred
investorem, kterym je Magistrat hlavniho mésta zastoupeny Odborem méstské-
ho investora, stoji Gkol dobudovat ¢ast okruhu mezi Barrandovskym mostem
a pravé dokontenym Strahovskym tunelem.

Jesté nez bude popsana historie a vlastni feSeni souboru staveb tuneld pod
Mrazovkou (s oficidlnim ndzvem soubor staveb Radlickd—Strahovsky tunel a se
zkratkou RAST), ktery s navazujici stavbou Zlichov—Radlicka tvofi propojeni
Barrandovského mostu a Strahovského tunelu, je nutno se zamyslet nad zéklad-
ni otdzkou moznosti symbidzy historického mésta a dopravy. Pravé tam je moz-
né hledat odpovéd na formulaci vysledného dopravniho FeSeni.

The tunnel under Mrazovka, as generally the project of the City circle in the
section Radlickd~Strahov tunnel (RAST) is called, represents in its final project
a complicated process of looking for the optimum solution of interconnection bet-
ween the building complex of the City circle (CC) Zlichov-Radlickd and the buil-
ding complex of the Strahov tunnel.

In this journal there are two articles linking up one to the other. The first artic-
le concerns the historic development of the traffic solution, the resulting traffic
solution and the main data on the constructions. Ing. P. Krasny, PUDIS a. s.,
head engineer of the project of tunnels under Mrdzovka is the author of it. The
second article of authors Ing. J. Dvorak, Ing. M. Gramblicka, Ing. J. Némecek
and Ing. L. Sajtar concerns the proper problems of the tunnel design.

With respect to the fact that the tunnel under Mrédzovka is one of the most
important tunnel structures being prepared for building up not only in Prague, but
also in the Czech Republic, there will follow evidently many other articles in the
journal Tunnel informing the tunneling public on progress of work concerning this
underground construction.

The resuiting project is a collective work of two firms PUDIS and SATRA, to
which the collaboration of all bodies of the state administration considerably
contributed, but especially the Investment Department of the Prague’s City Hall
and the investment enterprise VIS a. s. which ensures the proper preparation of
said action. As to the final completing of the design, the contractors Metrostavy
a. 8. and Subterra, a. s., selected on the basis of a tender, have a considerable
share of it.

TRAFFIC SOLUTION OF THE PROJECT
RADLICKA-STRAHOV TUNNEL

INTRODUCTION

Prague is exceptional among European Capitals in its beauty, town-planning
and architectonic qualities and historical memory, and its historic centre has
been declared a historic monument by UNESCO. The cily is also exceptional
with respect to the fact that it has not yet finished a network of main roads, and
the proper finishing of said roads is disproportionately delayed and does not ans-
wer at all the car traffic increase.

It is the fact that in the central area of Prague there exists for years a critical
situation of environment, in which, besides harmful waste products produced by
many local heating sources, emissions caused by car traffic take part.

In the central are a of Prague, with respect to traffic needs, there is the most
critical situation in the north-western segment. While the northern part is in the
stage of looking for the optimum solution, in the western segment, including the
section between the Barrandov bridge and the northern mouth of the Strahov
tunnel, the construction or preparation of the construction went on considerably.
In last issues of this journal appeared articles concerning the Strahov tunnel
which represents one of the most important structures in Prague. Said part of the
municipal circle was set into trial operation in December of the last year. The buil-
ding up of this tunnel, where it is necessary to complete intercestions at both
mouiths, represents the decisive step for building up the municipal circle in the
western sector of Prague. The owner, viz. the Prague’s City Hall, represented by
the City Investment Depariment, has an important task, viz. to finish the part of
the circle between the Barrandov bridge and the just completed Strahov
tunnel.

Before describing the history and the proper solution of the complex of tunnel
construction under Mrézovka (with the official name: complex of buildings of
Radlickd—Strahov tunnel, abbreviation RAST) which forms, with the linking up
structure Zlichov—Radlickd, a connection of the Barrand bridge and the Strahov
tunnel, it is necessary to think about the basic question, i.e. the possibility of the
symbiosis of the historic centre of the city and of the traffic. An answer, formula-
ting the resulting traffic solution, may be found just there.
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SYMBIOZA HISTORICKEHO MESTA A DOPRAVY

Pro dopravu ve méstech libovolného charakteru, polohy a stafi obecné plati
nasleduijici okrajové podminky, které jsou vztazeny v tomto pfipadé pfimo na pro-
stor Smichova, ktery je soucasti historického centra a to jako okrajové pasmo
vlastniho historického jadra Prahy:

@ Doprava jako systém musf zajistovat soulad mezi zakladnimi funkcemi mésta,
tj. mezi vyrobou, bydlenim, sluzbami a rekreaci a to v kazdém z moznyjch
dopravnich subsystém jako je individulni automobilova doprava, méstska
hromadné doprava, zelezniéni doprava a dalsi. Z pochopitelnych divod( by
méla byt preferovana méstska hromadna doprava. Vedle kladnych momentd,
které doprava piinasi v Zivoté mést, ma doprava i fadu zapornych stranek jako
jsou hluk, exhalace, vibrace, nehodovost a problémy s vystavbou zejména
v historickych &astech mésta. Po roce 1989 prudce vzrsta pocet osobnich
automobill a jejich kazdodenni provoz.

@ Zakladni otazkou je, zda symbidza dopravy s funkcf historického mésta obec-
né existuje nebo je mozno dopravu z tohoto prostfedi vylougit, a kdyZ ano, tak
v jakém rozsahu. Lze konstatovat, Ze doprava je v libovolném mésté, a to jak
v novém nebo v historickém, nezbytna pro zachovani zékladnich méstskych
funkei. Je ji mozno uréitym zplsobem regulovat, respektive minimalizovat,
a to na nezbytné nutnou miru. A jakou doprav je mozno z historického jadra
vylougit? Jednozna&né pouze dopravu tranzitni; ostatni druhy dopravy, jako je
doprava obsluzng, kterd ma v historické ¢asti zdroj nebo cil, je mozno pouze
omezit.

@ Pii federii v konkrétnim zemi Smichova museli zpracovatelé ndvrhu vychazet
ze dvou zakladnich vstupnich bodd, kterym byl jiz vybudovany Barrandovsky
most a Strahovsky tunel. Proto spiée nez problematikou regulace dopravy
bylo nutno se zabyvat zdsahem nové vyznamné dopravni komunikace do
viastniho prostiedi Smichova. Pfitom vytvoit trasu tak, aby neutrpély zaklad-
ni funkce obsluhy mésta.

VYVOJ DOPRAVNIHO RESENI

Pro objasnéni problematiky vystavby v zapadnim sektoru Prahy je nutno se
vratit do minulosti. Prvnim ucelenym navrzenym dopravnim systémem byl tzv.
rodtovy systém, skladajici se z celkem dvou tangent a tfi magistral.
Severozapadnim sektorem Prahy prochdzela severni automobilova tangenta
a | severojizni magistrala. Na t&chto rychlostnich komunikacich byly navrzeny
dva tunely a to Petfinsky, respektive Strahovsky tunel a patrova komunikace
v prostoru Stromovky, kde stoupajici smér od Holeovic byl v tunelu a opacny
smér na stropé tohoto tunelu. V roce 1974 byl schvalen Zakladni komunikacni
systém v radidiné okruzni koncepci, kiery se skladat ze tfi okruhl (vnitfniho,
stfedniho a vngjsiho) a celkem 11 radidl, pficemz potet radial se b&hem doby
ménil. Ve sledovaném zajmovém Gzemi zapadniho sektoru centraini éasti Prahy
byl navrzen stfedni dopravni okruh (SDO) a to ve spoleéné trase s vnitfnim
dopravnim okruhem. Na SDO byl navrzen Strahovsky tunel a dalsi pokragovani
okruhu smérem na jih bylo v povrchové trase.

Ptivodni feSeni okruhu jiznim smérem od Strahovského tunelu vedlo do stopy
ulice Radlické s podjezdem pod ulici Ostrovského a vyvoldvalo nutnost rozsah-
lych demolic v tomto prostoru. Bylo poplatné vniméni pfestavby mésta v ,,socia-
listické mésto,, kde stavajici, nékdy i velmi kvalitni zastavba byla nahrazena hro-
madnou vystavbou panelovych domd, jako se to stalo napfiklad na Zizkové.
Témto zaméram urbanistd a architektl se pfizplisobovalo | dopravni fedeni.

V listopadu 1989 dalo revoluéni déni ve spolecnosti podnét k pfehodnoceni
tzemné planovaci politiky mésta. Jiz v fijnu 1990 odevzdala své stanovisko
komise expertl pro posouzeni systému ZAKOS (Zakladni komunikaéni systém,
schvéleny vladou CSR v roce 1974 a zakomponovany do smérmého uzemniho
planu hl. m&sta ve znéni z . 1986). Postupné prazska radnice obdrZela dalsich
pét posudkd a expertiz. V fijnu 1991 piijalo Zastupitelstvo usneseni ke Zpravé
o vystavbé dopravniho systému v Praze, kterym tuto zpravu vzalo na védomi.
Zminénym materidlem se reviduje celkova koncepce komunikaéni sité Prahy.
Mezi dopravni a ekologické cile vystavby dopravniho systému mimo jiné patfi:
., Soustiedovat automobilovou dopravu na omezeny rozsah hlavni uliéni sité
mésta, ktery je nutno vybavit zafizenimi umoZiuijicimi ekologickou ochranu okol-
niho prostiedi a nové komunikace budovat pokud moZno v minimalnim dotyku
s bytovou zéastavbou.” Hlavnim prvkem komunikaéni sité v centralni oblasti Prahy
se stal méstsky okruh (déle MO). | kdyZ jsou vyslovovany poZadavky na uréitou
restrikci po&tu jizdnich pruhd na tomto okruhu, je dle nazor autordi tohoto &lan-
ku nezbytn& nutné navrhnout méstsky okruh na dostateénou kapacitu odpovida-
jici néroktim vychazejicim z dopravni prognézy.

Pii pfechodu na nové vnimani méstskych funkci se projevila fada nazor na
vedeni méstského okruhu, ktera se i zobrazila v pracich péti kolektiv(i na navrhu
¥eSeni prostoru Smichova tj. Nouvell-Cattani, DA studio, UHA, PUDIS a GAMA.

SYMBIOSIS OF THE HISTORIC CENTRE AND TRAFFIC

For the traffic in towns of arbitrary character, situation and age, there are valid
the following peripheral conditions which are related, in this case, directly to the
area of Smichov which is a part of the historic centre, viz. as a peripheral zone
of the proper historic centre of Prague:

@ the traffic as a system must secure a harmony among basic functions of the
town, i.e. among the production, habitation, services and recreation, viz. in
every of the possible traffic subsystems, such as individual car transport,
municipal mass transportation, railway transport and other. Due to understan-
dable reasons there should be preferred the municipal mass transportation.
Besides positive effects which the traffic entails to the life in towns, the traffic
has negative influences as well, such as noise, exhallations, vibrations, acci-
dents and problems concerning any building up, especially in historic parts of
the town. After the year 1989, the number of cars increased quickly, as well as
their daily operation;

@ it is the basic question, whether a symbiosis of the traffic with the function of
the historic town generally exists, or of it is possible for traffic to be excluded
from said area, and if so, in which extent. It can be stated that traffic in any
town, both in a new town or in a historic one, is necessary for keeping basic
municipal functions. It can be controlled in a certain way, eventually to mini-
malize it, viz. to the absolutely needed extent. And which traffic can be exclu-
ded from the historic centre? Of course, only the through traffic. Other kinds
of traffic, such as service transport, which has a source of place of destinati-
on in the historic centre, can be limited only;

@ as to the solution in the factual area of Smichov, the elaborators of the project
had to take into consideration two basic facts, i.e. the already completed
Barrandov bridge and the Strahov tunnel. That is why it was more necessary
to occupy oneself with the influence of the new important road in the proper
environment of Smichov than with problems of a traffic control, and at the
same time to design the alignement in such a way that basic functions of the
town service may be not worsened.

DEVELOPMENT OF THE TRAFFIC SOLUTION

To explain problems of the construction in the western sector of Prague, it is
necessary to return in the past. The so called grid system, consisting of two tan-
gent roads and three expressways, was the first designed rounded-off traffic sys-
tem. The northern tangent road and the Ist north-southern speedway passed
through the north-western sector of Prague. On said speed roads there were pro-
Jected two tunnels, viz. Petiin tunnel, ev. Strahov tunnel, and a storeyed road in
the area of Stromovka where the climbing direction from HoleSovice was in the
tunnel and the opposite direction on the ceiling of said tunnel. In the year 1974
there was approved the Basic traffic system in a radial circular conception which
consisted of three circuits (inner, middie and outer) and total 11 radial roads; the
number of radial ways was changed several times. In the observed respective
territory of the western sector of the central part of Prague there was projected
the middle traffic circle (MTC), viz. in a common alignement with the inner traffic
circle. In the MTC, there was projected the Strahov tunnel, and further continua-
tion of the circle towards south was projected on the ground.

The original solution in the southern direction from the Strahov tunnel was led
into the trace of the street Radlickd with an underpass under the street
Ostrovského and it caused the necessity of extensive demolitions in that area. It
was based on the idea to rebuild the city in a ,socialist town”, when the existing
housing, sometimes of a high quality, was replaced with a mass building up of
panel tenement blocks, as it occurred in Zizkov.

Even the lraffic solution was adapted to said intentions of town-planner and
architects.

Revolution activities in the year 1989 prompted for the territorial planning poli-
cy of the city to be re-evaluated. The standpoint of the commission of experts for
evaluating the system BTS (Basic Traffic System), approved by the government
of the Czech Socialist Republic in the year 1974 and included in the directive ter-
ritory plan of the capital in the wording of the year 1986), was handed over in
October 1990. The City Parliament received gradually five further expert's opini-
ons, and in October 1991 adopted a resolution to the Report on building up the
traffic system in Prague, by which it noted said report. The mentioned material
revised the whole conception of the traffic network of Prague. Among traffic tasks
and ecological ones of the traffic system there are included, besides other, the
following ones: "“To concentrate the car traffic to a limited extent of the main road
network of the city, which must be equipped with equipment enabling the ecolo-
gical protection of the environment and to build up new roads, as far as it is pos-
sible, in a minimum contact with housing.” The city circle (hereinafter CC) beca-
me the main element of the traffic network in the central area of Prague. Even if
requirements for a restriction of the number of lanes in said circle exist, it'is
necessary, according to the authors of this article, to project the municipal circle
for a sufficient capacity corresponding with requirements based on traffic pro-
gnosis.

When passing to new ideas of municipal functions, there appeared many opi-
nions as to the location of the municipal circle, which was also reflected in the



s 7. ROCNIK, €. 4/98

Tunel

Rada Zastupitelstva hl. m. Prahy ve svém usneseni ¢. 374 z 21. 5. 1992
odsouhlasila vedeni trasy Strahovsky tunel-Barrandovsky most podle varianty
razeného tunelu pod Mrazovkou die navrhu PUDIS, a. s. (autor Ing. Krasny
s kolektivem) s tim, Ze ¢ast navazujiciho souboru staveb Zlichov—Radlicka bude
zpracovéna (podjezd pod trati CSD) dle varianty UHA. V disledku to znamena,
Ze trasa méstského okruhu se vyhyba centralnimu prostoru Smichova a Ze je
vedena od ulice Radlické do dvou tfipruhovych tuneld situovanych pod povrch
Mrazovky.

Nez bylo definovano vysledné feSeni celého souboru staveb RAST, bylo
vypracovano celkem $est zdkladnich variant s fadou subvariant, které se lidily
zejména délkou razenych tunell a tvarem kfizovatky na jiznim pfedpoli tunelu
pod Mrézovkou. Ve vysledném feseni byla vybrana tzv. ,,dlouhé varianta - F,, —
obr. 1. Tato dokumentace je v souladu s urbanistickou studii Smichova zpraco-
vanou architektonickymi ateliéry A+R Systém, s.r..0. a VHE, s. r. 0.

Rozhodnutim 32. zasedani Zastupitelstva hlavniho mésta Prahy dne
21. 10. 1993 byl Gsek méstského okruhu mezi jiznim portdlem Strahovského
tunelu a Barrandovskym mostem vyhlagen vefejné prospésnou stavbou a to se
v8emi pravnimi disledky z toho vyplyvajicimi.

ROZDELENI NA STAVBY A STAV PRIPRAVY

Soubor staveb Radlicka—Strahovsky tunel byl rozdéien na dvé stavby, které
jsou pracovné oznaceny jako 1. a 2. stavba.
1. stavba zahrnuje vystavbu celého sevemiho hloubeného tunelu, zapadni raze-
ny tunel, razenou strojovnu vzduchotechniky pod Pavim vrchem véetné vydechu
na Pavim vrchu, cely jiZni zapadni hloubeny tunel, ¢ast jizniho hloubeného tune-
lu, pfevaznou vétsinu pfelozek inzenyrskych siti a vychodni polovinu ulice
Radlické. Sougasti této stavby je i montaz technologickych souborl v zapadnim
tunelu a strojovné vzduchotechniky. V soutasné dobé ma tato stavba vydané
.,Rozhodnuti o umisténi stavby*, jsou ukonéeny prace na dokumentaci ke sta-
vebnimu povoleni, v b&hu je stavebn( fizeni a v nejbliz8i dobé by mélo byt vyda-
no stavebni povoleni. Je piedpoklad, Ze stavba by méla byt zahajena jesté v roce
1998.
2, stavba zahmuje vystavbu vychodniho razeného tunelu, razené kfizovatkové
vétve ,,A, a ,,B", které umoziiuji napojeni méstského okruhu na ulici Radlickou,
dokonéenf vystavby jizniho vychodniho hloubeného tunelu, vystavbu druhé polo-
viny ulice Radlické véetné obnoveni tramvajového provozu a dokonenti pieloZek
inzenyrskych siti, 2. stavba ma vydané ,,Rozhodnuti o umisténi stavby,, které
viak nenabylo pravni moci, protoze se proti nému odvolali organizace Déti zemé
a Spole¢nost pro trvale udrZitelny Zivot. Je paradoxem, Ze misto toho, aby eko-
logické organizace podporovaly vystavbu komunikaci, které svym vedenim pod
zemi minimalizuji negativni dopady automobilového provozu oproti vedeni této
dopravy po mistni komunikaéni sti, brzdi svym odvolanim véasné zahajeni stav-
by. V kvétnu 1998 Ministerstvo pro mistni rozvoj zrusilo ,,Rozhodnuti 0 umisténi
stavby“ a vratilo pfedmétnou causu k novému projednavani. V této souvislosti je
nutno uvést, ze hlavni diivod pro zruseni ,,Rozhodnuti o umisténi stavby,,, kterym
byl argument, Ze pro tuto stavbu nebylo zpracovano hodnoceni stavby na Zivot-
ni prostiedi ve smyslu zakona &. 244/92 Sb. (proces EIA), pominul, protoze
spravni organ, odbor dopravy Magistratu hl. m. Prahy rozhodnul, Ze méstsky
okruh je zafazen do kategorie mistnich komunikaci. Na mistni komunikace se die
zakona proces EIA nevztahuje.

V ofekavani této situace byla mezi tim zpracovéna dokumentace k dzemnimu
rozhodnuti na pfistupovy tunel, ktery je rozhodujici pro mozné zahajeni razby
zapadniho tunelu od jihu.

DOPRAVNI RESENI TUNELU POD MRAZOVKOU

Pfii navrhu vysledného dopravniho fedeni byl kolektiv zpracovatelll postaven
jak na severni tak i na jizni strané tunelu pfed fadu okrajovych podminek, jejichz
Uspésné vyfeseni formulovalo variantu, kterd je véemi orgdny statni spravy
a dotéenych organizaci akceptovana.

Nejzavaznéjsim pocatecnim problémem bylo vyfedeni poctu jizdnich pruhl
v tunelu. Po velmi sloZitych jednanich bylo prokdzano, Ze neni mozno a to zejmé-
na z bezpednostnich divodi povolit ukonéeni pfipojovaciho pruhu v tunelu. Tim
bylo déno, Ze pfevaind ¢ast razenych tuneld mé tfipruhové uspofadani, pficemz
dva pribézné jizdni pruhy jsou pro vedeni dopravy po méstském okruhu a zby-
vajici tfetl pruh slouZi pro pfipojeni respektive odpojeni vozidel na obé kfizovatky
u obou portall tunelu.

Na severni strané bylo smérové a vySkové vedeni trasy tuneld pfeduréeno
napojenim na oba mosty vedouci ze Strahovského tunelu, jejichZ poloha byla ze
zépadni strany limitovana nové postavenym hotelem Movenpick a z vychodni
strany zastavbou v ulici Mrazovka | (gymnazium a bytové objekty). Lze velmi

work of five teams concerning the project how to solve the area of Smichov:
Nouvell-Cattani, DA studio, UHA, PUDIS and GAMA.

The Prague’s City Council approved, in its resolution No. 374, dated
May 21, 1992, the alignement of the Strahov tunnel — Barrand bridge according
to the variant containing a driven tunnel under Mrézovka, in accordance with the
design of PUDIS a. s. (Ing. Krdsny and his team were the authors), with the rese-
rvation that the part of the linking up building complex Zlichov—Radlické (under-
pass under the CSAD railway track) shall be made according to the variant of
UHA. As the consequence of this decision, the alignement of the city circle gets
out of the central area of Smichov and it is led from the street Radlickd in two
three-lane tunnels routed under the Mrazovka hill.

Before the resulting solution of the whole building complex RAST was defined,
total six basic variants ,A” up to “ F” had been elaborated, with many subvariants
which diferred especially in the length of driven tunnels and lay out of the inter-
section before the southern portal of the tunnel under Mrazovka. In the resulting
solution, the so called ,long variant — F” (Fig. 1) was selected. This documenta-
tion is in compliance with the town-planning study of Smichov, elaborated by
architectonic studios A + R System, s. t. 0., and VHE, s. r. 0.

By the decision of the 32nd session of the City Parliament, dated October 21,
1993, the section of the municipal circle between the southern adit mouth of the
Strahov tunnel and the Barrand bridge was declared as a beneficial to the pub-
lic construction, viz. with all legal consequences resulting from that.

DIVISION TO STRUCTURES AND THE STATE OF PREPARATIONS

The building complex Radlické—Strahov tunnel was divided in two blocks
which are named, for working purposes, as the first and the second phase.

The first phase comprises the construction of the whole northern cut-and-
cover tunnel, the western driven tunnel, the driven ventilation-room under Pavi
vreh, including the exhaust on Pavi vich, the whole southern western cut-and-
cover tunnel, a part of the southern cut-and-cover tunnel, the most items of relay-
ing services and the eastern half of the street Radlicka. The assembly of tech-
nological sets in the western tunnel and in the ventilation-room are also a part of
this phase. At present, there was issued for said phase the "Decision on locating
the structure”, work concerning the documents needed for the building permit
has been completed, building proceedings are carrying out, and very soon the
building permit might be issued. It is supposed that the structure might be star-
ted even in this year.

The second phase comprises the construction of the eastern driven tunnel,
driven crossing branches ,A" and "B, which enables the linking up of the muni-
cipal circle to the street Radlicka, the completing of the construction of the sout-
hern eastern cut-and-cover tunnel, the construction of the other half of the stre-
et Radlickd, including the renovation of the tram traffic and the completing of the
engineering services. The ,Decision on locating the structure” was issued for
said phase, but it has not yet the legal validity, because the organizations
Children of the Earth and Company for the Permanently Tenable Life lodged an
appeal against said decision. It is a paradox that the ecological organizations,
instead of supporting the construction of roads which, by its route under the
ground, minimize negative influences of car traffic with respect to the car traffic
on local road network, form an impediment by their appeal for the structure fo be
started in time. In May 1998, the Ministry for Local Development cancelled the
“Decision on location of the structure” and returned the respective case to new
proceedings. In this connection it must be stated that the main reason for can-
celling the ,Decision on locating the structure” which was the reason that there
was not elaborated an evaluation of the structure influence upon the environ-
ment, in the tenor of the law 224/92 Coll. (process EIA) passed, because the
administration body, Department of Transport Hall of the Cily decided that the
City circle was classified in the category of local roads. The process EIA does not
relate to local roads.

As this situation was expected, the documentation to the territorial decision
concerning the access tunnel which is decisive for the eventual opening of the
western tunnel driving from south, was elaborated in the meantime.

TRAFFIC SOLUTION OF TUNNELS UNDER MRAZOVKA

When elaborating the final project of the traffic solution both on the northern
and southern side of the tunnel, the team of elaborators had to solve many mar-
ginal problems, the successful solution of which formed the variant accepted by
all bodies of the state administration and the respective organizations.

To solve the number of road lanes in the tunnel is the weightiest initial pro-
blem. After very complicated negotiations there was proved that is is impossible,
especially because of safelty reasons, to allow for a connecting lane to be ended
in the tunnel. That is why the most part of the driven tunneis has a three-lane
arrangement, two lanes are running lanes for leading the fraffic within the city
circle and the remaining third lane serves for connecting or disconnecting vehic-
les from/to both intersections at both tunnel mouths.

On the northern side, the direction and elevation of the tunnel alignement
resulted from the linking up to both bridges led from the Strahov tunnel, the posi-
tion of which was limited from the northern side by the newly built hotel
Mévenpick, and from the eastern side by housing in the sireet
Mrazovka | (Gymnasium and tenement houses). It can be positively evaluated
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kladné hodnotit, Ze viastni nvrh vyvolal pouze potfebu demolice jednoho domu
a ubourani poloviny druhého domu v jizni ¢asti ulice Mrazovka. Pro definovan(
severniho portalu bylo ddlezité i stanoveni minimaini vzdalenosti obou razenych
tunelli a poZadavek nésledného obnoveni ptivodniho terénu.

Vedeni trasy od severu v tunelech ve vlastnim kopci Mrazovka bylo limitova-
no jednak z vySkovych divodi sklonem z mostu, zastavbou v oblasti ulice
Ostrovského a erozni brazdou v této ulici a jednak ze smérovych divodd exi-
stenci stavajicich podzemnich zafizeni. Obdobné od jihu bylo vygkové feSeni
limitovano podchodem jesté hioubenych tunelll pod ulici Radlickou a existenci
stavajici stoky ,,P", kterou méstsky okruh v podzemi mimotroviiové kizi. Tim se
stalo, Ze vzhledem k potfebnym sklonlm navazujicich Gsek je nejniZi misto
v tunelu. To vyvolalo potfebu umistit do tohoto mista podzemni Serpaci stanici pro
technologické vody z myti tunelu, popifpadé i vody priisakové.

Zcela samostatnym problémem byl navrh odpojeni kfizovatkovych vétvi
v tunelech, které propojuji méstsky okruh s mistni komunikaéni siti tj. s ulici
Radiickou. Pfi navrhu bylo nutno mit na paméti, Ze v budoucnosti bude na
pozemcich nadraZi Praha-Smichov vybudovan dal&i komplex smichovského
centra, které by bylo vhodné na MO napojit. Zaroveri nékde v Grovni stavajiciho
Zelezniéniho mostu by mél byt v budoucnosti postaven novy most, ktery by slou-
Zil jak Zeleznici tak i automobilové dopravé. | toto nové propojeni obou vitavskych
biiehti by mélo byt ukongeno na ulici Radlické. V z&dném pfipadé vaak dle urba-
nistické studie Smichova tim neni mysleno obnoveni myslenky vnitiniho doprav-
niho okruhu.

Vétev ,A,, kterd umoziiuje odpojeni od zapadniho tunelu méstského okruhu
smérem na jih a pfipojeni na ulici Radlickou, je jiZ jednoznaéné definovana. V jeji
trase se pfipravuje vystavba pfistupového tunelu k zapadnimu tunelu a podzem-
ni strojovné vzduchotechniky. Je ziejmé, Ze nejsloZit&j&i misto je umisténi odpo-
jeni do vhodného mista v podzemf tak, aby znaény vyrub v mist& rozpletu mini-
malné ovliviioval povrch nad rozpletem. Proto i u vétve ,,B", ktera napojuje ulici
Radlickou na vychodni tunel ve sméru severnim, se v souéinnosti obou projek-
tovych tymdi, dopravniho a tunelaiského, provadéji jesté drobné tpravy pii hle-
dani nejoptimaIngjstho mista spojeni vychodniho tunelu a tunelu vétve B,

Rozsah ¢lanku neumozriuje popsat vedkeré problémy, které pfi névrhu vysled-
ného dopravniho fedeni vznikaly. Vybudovani méstského okruhu neni pouze pro-
blematika razenych a navazujicich hloubenych tunell a jejich provozni technolo-
gie. Je to rovnéz problematika velkého poctu prelozek inzenyrskych siti, v nékte-
rych pfipadech znaénych rozmérd, a vlastniho postupu vystavby a to zejména
v oblasti jizniho portalu tunelu pod Mrazovkou. Pro znalce mistnich pomért je
zfejmé, Ze na zadnou dobu nesmi byt pieruena doprava v ulici Radlické, proto-
Ze tato ulice je jednim z dileZitych propojeni jihozapadni oblasti mésta s centrem
mésta.

POSTUP VYSTAVBY

V obchodni vefejné soutéZi na dodavatele stavby tunelu Mrazovka, vypsané
Magistratem hl. m. Prahy, odborem méstského investora v roce 1997, bylo
vybrano jako dodavatel sdruZeni firem Metrostay, a. s. a Subterra, a. s. Jednou
z podminek byla Ihitta na realizaci tunelu Mrazovka v délce 46 mésicii a poza-
davek vyplyvajici z vefejno-pravniho projednani uvést stavbu do provozu jako
celek.

Na zakladé téchto skuteénosti a rozsahu razenych tuneld, které tvofi vice jak
77 % objemu celé stavby, byla zavérecnd pfiprava organizace vystavby oriento-
véana na vystavbu tunelu Mrazovka ze dvou sméri, ze dvou stavenist. Hloubené
lseky a hlavné viastni razby tunelovych objektil budou souéasné realizovany od
sevemiho portélu pobliz hotelu Mévenpick a dvou jiznich portaltl budou pred-
chazet rozsahlé prace v prostoru smichovského nadraZi a v ulici Radlické. Préace
budou zahéjeny na zapadni tunelové troubé a asi s plilroénim odstupem by mély
navazovat prace na vychodni tunelové troubé.

Z hlediska vlastnich raZeb je nutné piipomenout, Ze se nejedna o prostou lini-
ovou tunelovou stavbu, ale Ze se jedna o sloZité, Iépe Feceno &Elenité podzemni
dilo. Soucasti realizace razenych objektd je vystavba tfipruhovych, dvoupruhc-
vych a jednopruhovych dopravnich tuneld, celkem 6 tunelovych propojek (z toho
2 propojek prdjezdnych), podzemni Gerpacf stanice technologickych a priisako-
vych vod, podzemni strojovny vzduchotechniky, podzemni trafostanice a téméf
80 m hluboké vydechové 8achty pod Pavim vrchem.

ZAKLADNI TECHNICKE UDAJE

délka 1194,8 m, z toho razena &ast 847 m
délka 1161,5 m, z toho raZena ¢ast 745,9 m
11,50 m

13,48 m

zapadni tunel
vychodni tunel
$itka vozovky
volna $ifka tunelu

that the proper project required only a demolition of one building and one half of
another house in the southern part of the street Mrézovka. For defining the nort-
hern portal, it was necessary even a determination of the minimum distance of
both driven tunnels and the requirement to restore the original terrain.

The alignement from the north in tunnels in the proper Mrazovka hill was limi-
ted because of the elevation reasons by the slope from the bridge, housing in the
area of the street Ostrovského as well as by the erosion kerf in this street, and,
because of directional reasons, by existing underground facilities. Analogously
from the south, the elevation solution was limited by the underpass of tunnels still
being excavated under the street Radlicka, as well as by the existing sewer “P”
which is crossed under the ground in different levels by the city circle. So it occur-
red thal, with respect to needed slopes of linking up sections, the lowest place
can be found in the tunnel. This situation caused the need to locate in this place
an underground pumping station for technological water caused by washing the
tunnel, and, eventually by percolated water.

To design a disconnection of intersection branches in tunnels, which connect
the city circle to the local road network, i.e. fo the Radlicka street, that was a qui-
te independent problem. When solving this problem, one must take into consi-
deration that in the future, in the area of the railway station Prague-Smichov, the-
re shall be built up another complex of the Smichov centre, which should be con-
nected to MC.

At the same time, somewhere in the level of the existing railway bridge, there
should be errected, in the future, a new bridge which should perform the service
both of the railway transport and of the car traffic. Even this new interconnection
of both banks of the river Vitava should be terminated at the street Radlicka. In
no case, though, according to the town-planning study of Smichov, it means that
the idea of the inner traffic circle is renewed.

The branch ,A” which enables a disconnection from the western tunnel of the
municipal circle in the southern direction and the linking up to the street Radlickd,
has been finally defined. In its route there is being prepared the construction of
the access tunnel to the western tunnel and to the underground ventilation-room.
It is evident that the most complicated problem is location of the disconnection to
a suftable place in the underground in such a way that a considerable stope may
affect the surface over the branching in a minimum extent. That is why even in the
branch "B”, which merges the street Radlicka into the eastern tunnel in the nort-
hern direction, there are making, in cooperation of both projecting teams, viz. the
transport team and the tunnel one, small modification when seeking the optimum
interconnection of the eastern tunnel and the tunnel of the branch ,B".

The scope of the article does not make it possible to describe all problems
which appeared during the resulting traffic solution. The project of the city circle,
that are not only problems of driven tunnels and linking up cut-and-cover tunne-
Is and their operational technology. They are also problems with relaying a high
number of engineering networks, in some cases of a considerable extent, and
problems concerning the proper construction process especially in the area of
the southern mouth of the tunnel under Mrézovka. For experts of local conditions
it is evident, that traffic in the Radlicka street must not be stopped for any time,
because this street is one of the important connections of the south-western part
of the town to the town centre.

CONSTRUCTION PROCESS

In the public tender for the Mrdzovka tunnel, for which the Prague’s City Hall
invited applications through the City Investment Department in the year 1997, an
associalion of firms Meirostav a. s., and Subterra a. s. was selected as contrac-
tor. One of this public tender conditions was the term of delivery of the tunnel
Mrédzovka within the period of 46 months and the requirement, resulting from the
public law procedure, fo set the struclure into operation as a whole,

With respect to said facts and extent of driven tunnels which form more than
77 % of the whole structure volume, the final preparation of the works organiza-
tion was directed to the excavation of the tunnel Mrézovka from two directions,
from two building sites. Cut-and-cover sections and especially proper drivings of
tunnel structures shall be realized at the same time from the northern portal near
the hotel Mévenpick and from two southern adit portals in the Radlickd street.
The preparation of the northern portal is at a more advanced stage; the realiza-
tion of southern portals will be preceded by extensive work in the area of the rail-
way station Smichov and in the street Radlickd. Work shall start in the western
tunnel tube, and, after about a half-year period, there should be started work in
the eastern tunnel tube.

With respect to proper drivings, it is necessary to recall that it does not con-
cern a simple line funnel structure, but that it concerns a complicated, better to
say articulated underground work. A construction of three-lane, double-lane and
single-lane transport tunnels, altogether 6 tunnel cross passages (2 of which are
passable by cars), underground pumping station of technological water and per-
colating water, underground ventilation-room, underground transformer station
and an exhaust shaft under Pavi vrch, nearly 80 m deep.

BASIC TECHNICAL DATA

length 1194.8 m
of it the driven part 847.0 m
length 1161.5m

western tunnel

eastern funnel
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vylom kategorie A 126,3 m?
vylom kategorie B 1447 m?
vylom kategorie C 146,3 m?

nova rakouska tunelovaci metoda
v klesani 4,5 %
ve stoupani 4,21 %

tunelovaci metoda
max. sklony nivelety

navrhova rychlost 60 km/hod.
vétrani podélné
UCASTNICI VYSTAVBY

Investorem souboru staveb Radlickd—Strahovsky tunel je Magistrat hlavniho
mésta — Odbor méstského investora zastoupeny dle mandatni smlouvy investor-
skou organizaci VIS, a. s.. Generalnim projektantem celého souboru RAST je
PUDIS, a. s., ktety zajistuje kromé koordinace pfipravu dopravniho feseni, hlou-
hené tunely a prelozky inzenyrskych siti. Hlavnim subdodavatelem projektovych
praci je firma SATRA, spol. s 1. 0., ktera zajistuje projekci veskerych razenych
tunell a provozni technologie nutné pro provoz tunelu. Dodavatelem na zakladé
vysledki obchodni vefejné soutéze je sdruzeni firem METROSTAV, a. s. — divi-
ze 5 a SUBTERRA, a. s. Timto vycet Ucastnikd, ktefi se podileli na projektové
pfipravé a budou se zUcastrhovat i na vlastni realizaci, zdaleka nekondi. Neni
mozno vzhledem k rozsahu tohoto ¢ianku vyjmenovat veskeré firmy a jednotliv-
ce a proto je zde proveden vycet téch, které vysledné feseni nejvice ovlivnily.
Z pedagogickych pracovist se jednd o profesory Bartaka, Eisensteina, Hemzala
a Mencla. Z firem je to ELTODO, IKE, Techniserv, GRID, IK Mafik a dalsi.

ZAVER

Uzemni reliéf Prahy a strikini poZadavky na pInéni ekologickych limitdi a vyho-
véni urbanistickym zasadam v obecné pfijatém méfitku hodnot si navrhovani
tunelovych staveb vynucuji. Praha je vyjimeéna mezi evropskymi metropolemi
z fady davodd, coZ jiz bylo zdGraznéno v Uvodu tohoto ¢lanku, ale vyjimeéna
i tim, Ze je zatim v ndvrzich ,,provrtana” automobilovymi tunely, a to mozna ve
vétsim rozsahu nez je vzhledem k rozloze mésta a poctu obyvatel nutné. Pfesto
je nezbytné pro fungovani rozvoje mésta a s tim spojené uspokojeni potfeb auto-
mobilové dopravy, na kterou je nutno pohlizet jako na skuteénost vyplyvajici ze
zasad trzni ekonomiky a demokracie, neprodiené zahéjit vystavbu. Autofi tohoto
¢lanku véfi, Ze se to stane v co nejkratsi dobé a ze doba vystavby bude odpovi-
dat zapadnim standarddm, coz ovéem vyzaduje dostate¢né finanéni zdroje més-
ta. Jen tak je mozno dosahnout toho, zZe tizivd dopravni situace na Smichové
bude vyfesena.

OBR. 1 SITUACE TUNELU MRAZOVKA
Lay-out of the Mrazovka

of it the driven part 745.9 m

roadway width 11.50 m
free width of the tunnel 13.48 m
excavation of the “A” category 126.3 nv’
excavation of the ,B” category 144.7 m?
excavation of the “C" category 146.3 n?
tunnelling method New Austrian Tunnelling Method
max. slope of the alignement in descent 4.5 %

in upgrade 4.21 %
designed speed 60 km/h
ventilation longitudinal

PARTICIPANTS OF THE CONSTRUCTION WORKS

Prague’s City Hall — City Investment Department, represented pursuant to the
mandatory agreement by the investor company VIS a. s., PUDIS a. s., which
ensures, besides the coordination, the preparation of this traffic solution, cut-and-
cover tunnels and relaying of engineering networks, is the general designer of
the whole complex RAST. The firm SATRA, spol. s r. 0., which ensures designs
of all driven tunnels and operational technology needed for the operation of the
tunnel, is the design subcontractor. The association of the firms METROSTAV
a. s. — Division 5 and SUBTERRA a. s. is the contractor on the basis of results
of the public tender. Said list of participants which took part in the design prepa-
ration and which will also take part in the proper realization is not complete at all.
It is not possible, with respect to the extent of this article, to mention alf firms and
individuals, and that is why there are mentioned only those who or which affec-
ted the resulting solution in the maximum range, viz. from the pedagogic institu-
tions professors Bartak, Eisenstein, Hemzal and Mencl, and as to firms ELTO-
DO, IKE, Techniserv, GRID, IK Matik and other.

CONCLUSION

Projected tunnels are structures unconditionally needed with respect fo the
relief of Prague and strict requirements concerning ecological limits and their
performance, as well as for complying with town-planning principles in a gene-
rally accepted scale of values. Prague is exceptional among European metropo-
les because of many reasons which was emphasized in the introduction of this
article, but is it also exceptional because of the fact that it is, in plans of the time
being, ,drilled” by road tunnels, may be, in a larger extent, than it is necessary
with respect to the town area and number of citizens. In spite of this fact it is
necessary, for the development of the town and with it connected requirements
of the considerable increase of the car traffic, which must be taken as a fact
resulting from principles of the market economics and democracy, to start the
construction immediately. The authors of this article believe that it will be realized
in the time as short as possible, and that the construction period will correspond
with standards of Western Europe, which, of course will require sufficient finan-
cial sources of the town. Only in this way it can be achieved that the difficult traf-
fic situation in Smichov will be solved successfully.
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RESENI TUNELU POD MRAZOVKOU

SOLUTION OF THE TUNNELS UNDER THE MRAZOVKA HILL

Ing. JOSEF DVORAK, Ing. MICHAL GRAMBLICKA, Ing. JAROSLAV NEMECEK, Ing. LUDVIK SAJTAR, SATRA, s. 1. o.

uvop

Tento ¢lanek volné navazuje na informace sdélené v ¢lanku hlavniho inzeny-
ra projektu Ing. Krasného, ktery pojednava predevsim o slozitém vyvoji hiedani
a stabilizace dopravniho feseni v Useku souboru staveb Radlické—Strahovsky
tunel.

Pro spoleénost Satra spol. s 1. 0., zpracovatele projekéni piipravy podzemnich
tunelovych objektd a technologickych souborl nezbytnych pro provoz tunelu,
pfedstavovalo schvélené dopravni fedeni této ¢asti MO a podminky ze stanovi-
sek vefejnopravnich organt vstupni zadani pro vyfeseni tunelaiského dila v mist-
nich urbanistickych podminkach a zastizeném geologickém prostredi.

Cisté z tunelafského hlediska je tfeba konstatovat, Ze mistni podminky pro
vystavbu tunelu Mrazovka jsou sloZité, ale je nutné si uvédomit, Zze je feSena
tunelova stavba v podminkach husté zastaveného velkomésta, kde bylo tieba
nalézt konsensus mezi potfebami dopravnimi, urbanistickymi, zajmy obvodu,
z4my celoméstskymi i regiondlnimi a nasimi pozadavky technickymi. Zcela
odlidna je situace ve volné krajiné, kde mizeme technické pozadavky uplatnit
v daleko v&tsi mife a razanci. Pro vyfeSeni kritické dopravni situace v oblasti
Smichova je nutné povazovat vystavbu tunelli pod Mrazovkou za jednu z nejvy-
znamnéjSich dopravnich staveb v Praze na pfelomu tisicileti. Totéz ale Ize kon-
statovat i o rozsahu problémt tunelového stavitelstvi, které tato stavba svym
situovanim a skladbou geologického prostredi pfinasi.

POPIS PROSTOROVEHO RESENi TUNELU MRAZOVKA

Stavba €. 9544 Radlickd—Strahovsky tunel (RAST), jinak téZ nazyvana tunel
Mrazovka navazuje severnim portalem na nedavno zprovoznény Strahovsky
tunel za novym mostem pres Plzeniskou ulici kratkym hloubenym dsekem a u jiz-
nich portéld za ulici Radlickd pokraguje hloubenou trasou MO RAST v prostoru
smichovského néadrazi stavbou ¢. 422 Zlichov—Radlickd. Z uvedeného rozsahu
stavby RAST (viz obr. 7 pfedchoziho élanku) pfedstavuji razené tunelové objek-
ty cca 77 % z celkového objemu stavby, zbyvajicich 23 % jsou hloubené Useky
u severniho a jiznich portalli a ostatni povrchové objekty (pfelozky siti, opérme
zdi, Upravy komunikaci atd.).

Déle se budeme v tomto &lanku zabyvat pfedevsim razenymi objekty. Na Gvod
tedy nékolik z&kladnich informaci a pfehlednych Gisel.

RAST je rozdélena na dvé stavby s pracovnimi ndzvy 1. stavba Zapadni
Tunelova Trouba (ZTT) a 2. stavba Vychodni Tunelova Trouba (VTT).
Rozhodujici objem razenych objekt(l pfedstavuji viastni dopravni tunely, které
z hlediska provozné technologického jsou doplnény razenymi prostory tunelo-
vych propojek, podzemni strojovny vzduchotechniky, trafostanice, ¢erpaci stani-
ce, vétractho kanalu a vétraci $achty pod Pavim vrchem. Dvé z $esti tunelovych
propojek jsou navrzeny jako prijezdné.

Celkova délka razenych dopravnich tunelt 2250,5m
z toho
tfipruhové tunely 12151 m

INTRODUCTION

This article links up partially fo the information mentioned in the article of the
main project engineer Ing. Krasny, which concerns, first of all, the complicated
development of looking for and stabilization of a traffic solution in the section of
the building complex Radlickd—Strahov tunnel.

The approved traffic solution of this part of the city circle (hereinafter CC) and
conditions laid down by standpoints of public bodies represented the initial order
for solving the tunnelling work in local town-planning conditions and respective
geological ones for the company Satra s. r. 0., elaborator of the design prepara-
tion of underground tunnel structures and technological complexes needed for
the tunnel operation,

From the tunnelling point of view, it must be stated, that local conditions for the
tunnel Mrdzovka are complicated, but it is necessary to realize that there is sol-
ved a tunnel structure in conditions of a densely built up city where it was neces-
sary fo find a consensus among traffic needs, town-planning ones, interests of
districts, city interests and regional ones, as well as our technical requirements.
The situation is quite different in a free landscape, where technical requirements
can be applied in a much larger extent and intensity. To solve the critical traffic
situation in the Smichov area, it is necessary to take the building up of tunnels
under Mrazovka for one of the most important transport structures in Prague at
the change of millenia. The same can be also stated even as to the extent of pro-
blems concerning the tunnel civil engineering, which result from the situation and
geological conditions of this structure.

DESCRIPTION OF THE SPACIAL SOLUTION
OF THE MRAZOVKA TUNNEL

The structure No. 9544 Radlicka—Strahov tunnel (RAST), also called
Mrazovka tunnel, links up with its northern adit mouth fo the Strahov tunnel,
recently set into operation, viz. behind the new bridge over the street Plzeriska
by means of a short cut-and-cover section, and, at southern portals, behind the
Radllickd street, it continues in the cut-and-cover route CC RAST in the space of
the Smichov railway station No. 422 Ziichov—Radlicka. Driven tunnel structures
represent, with respect to the mentioned extent of the RAST construction (see
Fig. 7 of the previous article), about 77 % of the total construction extent, the
remaining 23 % are represented by cut-and-cover sections at the northerm adit
mouth and southern adit mouths and by other surface works (relaying of net-
works, retaining walls, adaptations of roads, efc.).

In this article we shall draw our attention in the first place to driven structures.
At the beginning it is necessary to mention several basic information and tabular
dates

RAST s divided to two phases called: the 1st structure — the Western
Tunnelling Tube (WTT), and the 2nd struclure — the Eastern Tunnelling Tube
(ETT). Proper transport tunnels, completed with driven cross passages, underg-
round ventilation rooms, transformer station, pumping station, ventilation duct
and ventilation shaft under Pavi vrch represent the decisive volume of driven
structures. Two of six tunnel cross passages are designed as through ways.

Total fength of driven transport tunnels 2250.5m
of it:
three-lane tunnels 12151 m
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tunelové rozplety v ZTT a VTT 124,8 m
dvoupruhové tunely 502,6 m
jednopruhové rampy 408,0 m
celkova délka v8ech tunelovych propojek 112,56 m
délka podzemni strojovny vzduchotechniky 80,0 m
podzemn/ trafostanice 373m
Cerpaci stanice 11,0m
vétraci kanal k vydechu pod Pavim vrchem 130m
hloubka vétraci $achty 792 m
celkovy objem razenych objektl 351 778,0 m*
z toho razené objekty ZTT 176 729,0 m*
a razené objekty VTT 175 049,0 m?

Zasadni vliv na feseni razenych tunell, razenych podzemnich objektd mély tfi
aspekty.
1. Schvélené dopravni fe$eni trasy MO v Useku mezi Strahovskym tunelem

a Barrandovskym mostem.

2. Vstupni, Iépe feceno limitni podminky pro navrh vétrani dopravnich tuneld.
3. Konfigurace terénu a zastizené geologické prostfedi v prostoru RAST.

K prvému bodu Ize konstatovat, Ze schvalené dopravni fedeni pfedurcilo situ-
aéni i vy8kové vedeni razenych dopravnich tunelt, uréilo pfi¢né uspofadani tune-
It a vyvolalo nezbytnost fedit odpojeni a pfipojeni trasy MO na ulici Radlicka
v prostoru razenych tuneld, v tunelovych rozpletech.

Koncepci vétrani bylo tfeba vyfesit v souladu se dvéma podminkami, jednak
strikiniho zékazu odvadéni znecisténého vétraciho vzduchu z portalt tunelt
a dale v souladu se stanovenym jedinym mistem pro odvod zneéiténého vétra-
c¢iho vzduchu v prostoru Paviho vrchu, které bylo ovéfeno rozptylovou studii.

Na zakladé téchto poZadavkl se zvazovalo nékolik variant koncepce vétrani
s raznymi kombinacemi podélného a pfiéného vétrani, bez & s mezistropy
v tunelech. Ve spolupraci s pfednimi odborniky z Ceské republiky a katedrou
vzduchotechniky CVUT Praha fakulty strojni a po konzultaci se zahrani¢nimi spe-
cialisty bylo navrzeno podéiné vétrani plnymi profily tunell. Vétraci, , ¢isty,
vzduch je nasavan v jiznim portélu VTT a tunelové vétve B, odtud je veden ve

PODELNY REZ ZAPADNIM TUNELEM
Longitudimal section of the western tunnel

BARRANDOVSKY MOST
Barrandov bridge

HLOUBENY USEK RAZENI USEK
Cut-and-cover section  Driven section

PAVI VRCH
Driven section
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RADLICKA
Radlicka

2.5T. SMICHOVSKE NADRAZ]
Railway station Smcéhov

tunnel branching in WTT and ETT 124.8 m
double-lane tunnels 502.6 m
single-lane ramps 408.0 m

total length of all tunnel interconnections 1126m
length of the underground engine-room for ventilation 80.0m
underground transformer station 37.3m
pumping station 11.0m
ventilation exhaust channel under Pavi vrch 13.0m

depth of the ventilation shaft 79.2m

total volume of driven buildings is 351,778.0 m°
of it driven buildings of WTT 176,729.0 m*
and driven buildings of ETT 175,049.0 n?®

THE FOLLOWING THREE ASPECTS HAD THE FUNDAMENTAL INFLUENCE

UPON SOLVING DRIVEN TUNNELS, DRIVEN UNDERGROUND STRUCTURES:

1. approved traffic solution of the CC route in the section between the Strahov
tunnel and Barrandov bridge;

2. initial conditions, better to say limit ones, for a design of road tunnel ventilati-
on;

3. terrain configuration and geological conditions in the RAST area.

As to the first item, one can state that the approved traffic solution determined
in advance the lay out and elevation of driven transport tunnels, determined the-
ir cross section and caused the need to solve the disconnection and merging of
the CC route into the Radlické street in the area of driven tunnels, in the tunnel
branching.

The ventilation conception had to be solved in compliance with two conditions,
both with respect to the strict ban to take away polluted air through portals, and
in compliance with the laid down only place for taking away polluted air in the
area of Pavi vrch, which was verified in the scattering study.

With respect to said requirements, there were taken into account several vari-
ants of the ventilation conception with various combinations of a longitudinal and
transverse ventilation with or without intermediate ceiling slabs in tunnels. In coo-
peration with prominent experts of the Czech Republic and Depariment of Air-
Conditioning of the Czech Technical University Prague, Facully of Machinery,
and after a consultation with foreign experts, there was designed a longitudinal
ventilation through full profiles of tunnels. Ventilated “fresh” air is sucked in the

STRAHOVSKY TUNEL

- Strahov tunnel
MRAZOVKA
Mrazovka ~ RAZEN[USEK MOSTNI OBJEKT

Driven section Bridge construction

U SANTOSKY
U NIKOLAJKY
OSTROVSKEHO

HLOUBENY USEK
Cut-and-cover section

1}
—_ H '
! \ \ - sANACNIINJEKTAZE, | '\
[ ¥ b3 KOMPEMZACGNI INJEKTAZ
Resgue grouting,
Compensalion grouting
160m n, m,
160 m over sea
4.1 4,2 4,3 4,4 4,5 14,6 4,7 4,8 4.9 5,0 5,1 5,2

LIBENSKE BRIDLICE
Liben shales

LETENSKE SOUVRSTVI - FLYSOVY VYVOJ
Leina measures - flysh development

REVNICKE KREMENCE LIBENSKE BRIDLICE
Revnice quartzites

LETENSKE SOUVRSTVI - MONOT. VYVOJ

Liben shales Letna measures - monotonous development

CELKOVA RAZENA DELKA ZAPADNI TUNELOVE TROUB 1004,74m
Total driven length of the western lunnel tubes 1004.74

2 PRUHOVY TUNEL ZTT DL, 297,40m, PLOCHA TUNELU 107m? ROZPLET ZTT DL. 54,025m, MAX. PLOCHA 324m? 3 PRUHOVY TUNEL ZTT DL. 653,29m, PLOCHA TUNELU 160m?
Two-lane WTT lunnef - length 297.40 m, tunnel area 107 n? Branching of WTT - length 54.025 m, max. area 324 m’  Three-lane WTT tunnel - length 653,29 m, tunnel area 160 n?

KLESA 1,66% DL. 33,56m
Slope down 1.66 % length 33.56 m

DOPRAVNI KOMUNIKACE KLESA 0,635% V DL. 694,38m
Slope down of the traffic road 0.635 % in the length of 694.38 m

STOUPA 4,24% V DL. 276,80m
Slope up 4.24 % in the length of 276.80 m

OBR. 1
FIG. 1
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sméru jizdy VTT k severnimu portélu, kde je pfevadén pomoci vzduchové clony
do ZTT a veden timto tunelem az k mistu napojeni na strojovnu VZD. Zbylé ¢as-
ti ZTT a tunelové vétve A od jizniho portalu jsou vétrany pinymi profily téchto
tunell proti smé&ru jizdy vozidel. Pfeduréena poloha vydechu vétraciho vzduchu
na Pavim vrchu je svou excentrickou polohou viéi tunelim sloZitym problémem
pro navrh fedeni. V misté odsavani vétraciho vzduchu v napojeni strojovny VZD
na automobilové tunely je tfeba fesit regulaci fadové rozdilnych mnozstvi odvé-
déného vzduchu z jednotlivych tunelovych Usekl do spoleéného odvodu,

Odsavaci mista v ZTT a tunelové vétvi A, véetné feSeni prostoru vzduchové
clony v severnim portalu jsou v sou¢asnosti piedmétem modelovych zkou$ek na
CVUT v Praze pod vedenim pana prof. Ing. Karla Hemzala, CSc.

Pro dosazeni minimalizace provoznich nakladii vzduchotechnického zafizeni
ve vztahu na proménné podminky automobilového provozu v tunelech, je modet
fizeni provoznich rezimd vzduchotechnického zafizeni fesen aplikaci fuzzy logi-
ky. Na navrhu tohoto systému fizeni spolupracuje pan prof. Ing. Jifi Bila, DrSc.
ze strojni fakulty CYUT Praha.

Konfigurace terénu v prostoru razenych tunel s vichem Mrazovka a Pavim
vrchem, se dvéma piiénymi depresemi v Grovni ulic Ostrovského a Bieblova
a vy8kové dand poloha ulice Radlickd a pfemosténi Pizeriské ulice v podstaté
predurcilo vySkové vedent trasy tuneld, viz obr. 1. Vyskova poloha portald, sever-
niho i jiznich, oproti nejniz&imu mistu pod ulici Ostrovského pfinesly nutnost vyre-
8it ochranu tuneld proti podzemni vodé. Faktem zUstavd, ze vyfesit odvadéni
podzemnich vod drendZnim gravitatnim systémem s ohledem na vyskové rela-

s kapacitnim permanentnim éerpanim podzemnich vod, a nebo uzaviena mezi-
lehla izolace tunell.

Prva moznost pfedstavovala volbu permanentnich provoznich nakladu s tim,
Ze navrh sekundarni obezdivky by nemusel akceptovat piny tlak hladiny pod-
zemni vody. Tuto variantu jsme povaZovali za méné vhodnou s ohledem na trva-
1€ vyS3i provozni naklady a trvalé ovliviiovani zakladovych pomérii u nadzemni
zastavby.

Navrzenou variantu s uzavfenou mezilehlou izolaci, navic podpofenou pfi
vefejnopravnim projednavani projektu povazujeme za vhodné&j$i. Zvolena vari-
anta pfinesla dvé podminky, které bylo nutno respektovat. Navrh sekundarni
obezdivky musi odpovidat tlakovym pomérim ustaleného reZimu podzemnich
vod po uzavfenf izolace. Druhou podminkou Uspé$nosti tohoto systému je maxi-
malni naroénost na volbu izolaéniho materialu a funkénich detailt vodotésné izo-
laéni vrstvy a dodrzeni technologické kézné pfi realizaci na stavbé,

Na pfiloZzeném vzorovém pfiéném fezu tiipruhovym silniénim tunelem (viz
obr. 2) je zndzornéno piicné uspofadani dopravniho tunelu s prijezdnym profi-
lem, prostory pro dopravni znaceni, umisténi{ zafizeni vzduchotechniky, zafizeni
pro kontrolu a sledovani automobilového provozu a osvétleni. Pod konstrukci
vozovky je zfizena technickd chodba. Technickd chodba slouzi pro veskeré
patefni rozvody v tunelech, kabeldZe, vodovody, odvodnéni tunell, sdélovaci
a fidici rozvody a umoziiuje pfistup obsluhy do v3ech technologickych a pomoc-
nych prostor pro provadéni kontroly, oprav &i vymény téchto zafizeni aniz by bylo
nutné omezovat & prerusovat automobilovy provoz v tunelech. Technicka chod-
ba slouzi téZ pro nepferudené vétrani viech technologickych a pomocnych pro-
stor gerstvym vzduchem pfi véech rezimech provozu i poZaru v automobilovych
tunelech.

PRO PREHLED JSOU UVEDENY PRICNE PROREZY HLAVNICH RAZENYCH
TUNELU

Ttipruhovy tunel 159,4 m?
Dvoupruhovy tunel 106,7 m?
Jednopruhova rampa s odstavnym pruhem 82,8 m?
Tunelovy rozplet 159,4-324,3 m*
Podzemni strojovna vzduchotechniky 206,8 m?

INZENYRSKOGEOLOGICKE POMERY V TRASE RAZENYCH TUNELU

Skalni podlozi v trase razenych tunell tvoii horiny severovychodni Gasti
ordovické barrandienské synklinaly. Horiny vznikly ukladanim psefitického, ale-
uritického a pelitického materialu v sedimentaéni panvi se znaéné mobilnim

eastern portal of ETT and tunnel branch B, from where it is led in the drive direc-
tion of ETT to the northern portal, where it is directed, by means of an air scre-
en, into WTT, and through this tunnel it is led up to the place of the connection
to the ventilation-room. Remaining parts of WTT and of the tunnel branch A from
the southern adit mouth are ventilated by means of the full profile of said tunne-
Is against the drive direction of vehicles. The predetermined position of the ven-
tilated air exhaust in Pavi vich represents a complicated problem for designing
a solution due to its eccentric position with respect to tunnels. In the place of the
ventilated air exhaust, when connecting the ventilation fan-room to road tunnels,
it is necessary to solve a control of air quantities, different in order, taken away
from individual tunnel sections into a common outlet.

Exhaust places in WTT and in the funnel branch A, including a solution of the
water screen space in the northern tunnel mouth are at present subject to model
tests in the Czech Technical University in Prague under the leadership of
Prof. Ing. Karel Hemzal, CSc.

After having achieved the minimalizing of operational costs of the ventilation
equipment with respect to variable conditions of car traffic in tunnels, the model
of control of ventilation equipment is solved by applying fuzzy logic.
Prof. Ing. Jifi Bila, DrSc., Faculty of machinery of the Czech Technical University
Prague is co-operating on the design of this control system.

The terrain configuration in the space of driven tunnels with the hill Mrézovka
and Pavi vrch, with two transverse depressions in the level of the streets
Ostrovského and Bieblova, and the position, determined as to the elevation, of
the Radlicka street and of the overbridging of the Plzefiskd street, predetermi-
ned, in fact, the roufe elevation of tunnels, see Fig. 1. The elevation of the nor-
hern portals and the southern portals with respect to the lowest place under the
Ostrovského street, caused the necessity to solve a protection of tunnels against
underground water. There is remaining the fact that to solve a discharge of
underground water through the drainage gravitation system was not possible
with respect to elevation relations of the lowest place of the tunnels and of the
level of the river Vitava.

Two possible solutions were evaluated, viz. both to make an unclosed inter-
mediate insulation in the tunnel arch with a longitudinal drainage system to the
lowest place with a permanent capacity pumping of underground water, and
a closed intermediate insulation of tunnels.

The first possibility represented a selection of permanent operational costs,
and in this case the secondary lining would not have to accept a full pressure of
the underground water. Said variant was considered as less suitable with respect
to permanent higher operational costs and permanent influence upon foundation
conditions of the surface housing.

The proposed variant with a closed intermediate insulation, more over sup-
ported at the public discussion on the project, is considered as a more suitable
one. The selected variant brought two conditions which had to be respected. The
design of the secondary lining must correspond with pressure conditions of the
stable regime of underground water, after closing the insulation. The second con-
dition, for this system to be successful, is max. exactness as to the selection of
the insulation material and functional details of the water-proofing layer and as to
observing the technological discipline on the construction site at the realization.

On the enclosed model cross section of a three-lane road tunnel (see Fig. 2)
there is shown a cross arrangement of a transport tunnel with the trafic clearan-
ce, spaces for traffic signs, sftuation of ventilation equipment, equipment for con-
trol and monitoring the car traffic and illumination. Under the roadway structure
there is made a technical corridor. The technical corridor serves for all main
distribution systems in tunnels, cables, water mains, tunnel drainage, communi-
cation and control distribution systems, and it enables access of servicemen into
all technological and auxiliary spaces for inspecting, repairing or exchanging said
equipment, without a necessily to limit or to stop the car traffic in the tunnels. The
technical corridor also serves for an uninterrupted ventilation of all technological
and auxiliary spaces with fresh air at all traffic regimes even in case of a fire in
the car tunnels.

CROSS SECTIONS OF THE MAIN DRIVEN TUNNELS ARE MENTIONED FOR
INFORMATION:

three-lane tunnel 159.4 m?
double-lane tunnel 106.7 n?

single-lane ramp with a emergency stopping 82.8 nt

tunnel branching 159.4 up to 324.3 n¥
underground air ventilation fan-room 206.8 ?

ENGINEERING - GEOLOGICAL CONDITIONS IN THE DRIVEN
TUNNELS ALIGNEMENT

A bedrock in the route of driven tunnels is formed by rocks of the north-eas-
tern part of Ordovician Barrandian synclinale. Rocks arose by sedimentations of
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dnem i pobfezni ¢arou. Zmény sedimentacniho prostiedi se odrazily ve struktur-
nim slozeni ulozenin. Cely ordovicky komplex predstavuje pestrou Skalu stfidaji-
cich se pelitickych a psamitickych hornin.

V TRASE TUNELU MRAZOVKA JSOU ZASTIZENY:

@ jilovité a jilovitoprachové jemné slidnaté biidlice s vy$sim stupném rekrystali-
zace jilovych minerald, stiipkovité aZ roubikovité rozpadavé — souvstvi liben-
skych bridlic,

® prachovité a piséité biidlice s pisSitymi zavalky, ojedinéle i vlozkami kfemen-
cll, jemné az hrubé slidnaté, tlusté deskovité vrstevnaté — souvrstvi letenskych
bfidlic, monotdnni vyvoj,

@ piscité a drobové bfidlice s hojnymi viozkami kfemennych piskovcl a kfe-
mencU, hrubé slidnaté, tiusté deskovité vrstevnaté — souvrstvi letenskych bfid-
lic, flySovy vyvoj,

@ souvrstvi fevnickych kiemenci, které je tvofeno deskovitymi az lavicovitymi
vrstvami svétle Sedych, Zluto$edych az tmavych masivnich kfemencli az kre-
mitych piskovcU, které se stfidaji s tence vrstevnatymi polohami edych jilovi-
tych bfidlic, jilovet az jill.

Celé skalni prostiedi v trase tunelu Mrazovka se vyznaduje znagné rozdilnym
stupném navétrani, hojné se ménicimi sméry a Uklony ploch vrstevnatosti a hoj-
nym vyskytem tektonicky porusenych pasem. Ve vztahu k vyrubu tuneld je nut-
né pocitat s nahlymi, skokovymi zménami pfetvamych vlastnosti horninového
prostredi, jak v podéiném, tak i v piicném sméru.

Pokryvné Utvary jsou tvofeny deluvidlnimi sedimenty a navdzkami ve znaéné
proménné mocnosti. Deluviaini sedimenty maji charakter pfevainé pis¢itych hlin
az piscitych jilll, tuhé az pevné konzistence se stfipky a dlomky plvodnich hor-
nin.

Podzemni voda v pokryvnych Utvarech ma charakter prdiinové propustnosti,
ve skalnim prostiedi puklinové propustnosti. Hladina podzemni vody sleduje tva-
rem povrch skalni baze, do vétSich hloubek pronika ve skalnim prostredi v zavis-
losti na stupni zvétrani, nejvice v rozpukanych, strmé uloZenych kiemencich &
poruchovych zénéch,

VZOROVY PRICNY REZ - TRIPRUHOVY TUNEL - 3. TECHNOLOG. TRIDA
Model cross section - three-lane tunnel - 3rd technological class

psefitic, aleuritic and pelitic material in a sedimentation basin with a rather mobi-
le bottom and coastal line. Changes of sedimentation conditions were reflected
in a structural composition of sediments. The whole Ordovician complex repre-
sent a wide scale of alternating pellitic and psamitic rocks.

IN THE ROUTE OF THE TUNNEL MRAZOVKA THERE TAKE PLACE:

@ clayish and clay-silt slightly micaceous shales having a higher recrystallizati-
on degree of clay minerals, being desintegrating in a crock way up to a roll
way strata of Liberi shales,

@ silt layers and sandy ones with sandy broken grounds, sometimes with inserts
of quartzites, finely up fo roughly micaceous, thickly plate bedded strata of
Letna shales, monotonous development,

@ sandy and graywacke shales with many inserts of flint sandstones and quart-
zites, roughly micaceous, thickly plate bedded — strata of Leind shales, flash
development,

@ sirata of Revnice quartzites, formed by plate layers up to bench layers, tint yel-
lowish grey up to dark massive quartzites up to siliceous sandstones which
alternate with weakly foliated positions of grey shales, claystones up lo clays.

All rocky conditions in the route of the tunnel Mrézovka are characterized with
a considerably different degree of weathering, changes of direction and pitches
of bedding surfaces with a numerous existence of zones of tectonic faults. In the
relation to a tunnel stope, it is necessary to take into consideration sudden jump
changes of deformation properties of rock mass both in the longitudinal and in
the transverse direction.

Covering formations are formed by diluvial sediments and made-up grounds
in considerably variable thickness. Diluvial sediments have the character of
mostly sandy loams up to sandy clays, of a rigid up to solid consistence with
crocks and fragments of original rocks.

Underground water in covering formations has a character of a porous per-
meability, in the rock of a crack permeability. The water table follows the surface
of the rocky basis, and it penetrates considerably deeper in rocky conditions in
dependence upon the weathering degree, mostly in cracked steeply bedded
quartzites or in fault zones.

In the direction from the northern adit mouth, the tunnels pass under the hill
Mrazovka through strata of Letna shales — monotonous development, in the
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lattice girders Bretex + ancors (are included in the project)
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Smérem od severniho portalu prochézeji tunely pod povrchem Mrazovka
souvstvim letenskych bidlic — monoténni wvoj v délce cca 200 m s nadlozim
5-40 m, déle souvrstvim liberiskych bfidlic s nadloZim 16-21 m, v tseku mezi uli-
cemi U Santosky a Bieblova prochazejf tunely souvrstvim Fevnickych kiemencu
8 primémym nadloZim 20 m, za ulici Bieblova pfechazeji fevnické kiemence do
souvrstvi letenskych bfidlic - flySového vivoje a tunely podchdzeji Pav( vrch, kde
nadlozi v misté vétraci Sachty je aZ cca 80 m. Polohy fevnickych kiemencti
budou VTT zastizeny i v prostoru pod objektem Skoly, ndroZi ulic Ostrovského
a U Santosky, viz obr. 3.

PRUZKUMNA STOLA V ZTT TUNELU MRAZOVKA

Pro vystavbu tunelu Mrazovka byl proveden (pro VTT se dosud provadi)
prizikumnym stiediskem PUDIS a. s. podrobny inZenyrskogeologicky pri-
zkum, ktery byl v ramci doplikového inZenyrskogeologického priizkumu dopl-
nén provedenim prizkumné Stoly, realizované v ose ZTT od sevemniho por-
talu az k mistu napojeni ZTT na strojovnu vzduchotechniky. Razbu prizkum-
né Stoly proved| Metrostav a. s., divize 5 frézou Alpina AM 50 s vyrobnim pr-
fezem 3,5/3,15 m s obezdivkou ze stifkaného betonu s vyztuznymi ramy
Bretex, vyztuznymi sitémi a radilnim kotvenim dle zasad NRTM. Stola byla
navrZena tak, aby v prostoru pod zéstavbou, poéinaje ulici Ostrovského, byla
obezdivka v klenbé vyuZita trvale, jako souéast budouci obezdivky silniéniho
tunelu. Geotechnické zkousky, méfeni a sledovani provadélo priizkumné
stfedisko PUDIS a. s., monitoring pfi vystavbé $toly provadéla spolecnost
IKE s. 1. 0.

Kolem provédéni priizkumné Stoly byla v podatcich vedena velk4 polemika
§ fadou nazord pro a proti. Provadéni priizkumné toly a vysledky ziskané z geo-
technickych méfenl a sledovani in situ prokazaly velky, da se fici rozhodujici
vyznam pro vytvofeni realného nazoru na horninové prostedi jesté pred zahaje-
nim viastni razby silniénich tunelts, Informace ziskané z prizkumné $toly rozho-
dujicim zpiisobem ovlivnily vybér tunelovaci metody, souvisejicich opatfeni nut-
nych v podzemi i na povrchu a upozormily vSechny partnery vystavby, investora,
projeklanta a dodavatele na problémy, na které je nuiné se pripravit a kieré bude
nutné pfi realizaci zvladnout.

Realizaci prazkumné $toly se kromé vyse uvedenych pfinost ovéfilo prede-
v8im chovani horninového prostedi pfi razbé metodou NRTM ve véech zastize-
nych horninovych formacich a ovéfila se i kriticka mista pro razbu silni¢nich tune-
G, v jiz dfive pFedpokladaném profilu ulice Ostrovského ale | v dal&im misté,
v prostoru pod ulicemi Bieblova a Na Doubkové. V obou profilech byly zastizeny
zhruba obdobné pietvamé vlastnosti hornin, tektonické porudeni | stupefi
a hloubka navétrani.

VOLBA TUNELOVACI METODY PRO REALIZACI
TUNELU MRAZOVKA

Pfi navrhu tunelovaci metody se vychazelo z ocekéavanych geologickych pod-
minek v trase tuneld postupné ovéfavanych podrobnym inzenyrskogeologickym
prizkumem a doplikovym prizkumem, realizaci prizkumné $toly a z oéekava-
ného viivu razby tunell na nadzemni zastavbu. Vlivy razby na nadzemni zastav-
bu mohly byt pfiipudtény pouze v takovém rozsahu, ktery by nepiekrodil hranici
bezpecné uZivatelnosti staveb a nevyvolal nutnost fejich vyklizenf. Pfj tom se
vychézelo ze zkusenosti z vystavby praZského metra, |Il. Vinohradského tunelu,
Strahovského tunelu, prazkumné Stoly Mrazovka a posudky nasich | zahranié-
nich odbomika.

Pro nalezeni optimalni technologie razby tunelu Mrazovka, pii které by Géinky
razby (deformace povrchu terénu) nepfekratily mez bezpeéné uzivatelnosti nad-
zemni zastavby a zéroven byla svymi éasovymi a finandnimi néroky prijatelna
pro investora, zpracovala spoletnost SATRA spol. s r. 0. na pfelomu rokd
1996-97 studii ,, Automobilovy tunel Mrazovka — snizenf viivu razby na padzem-
ni zastavbu". Ve studii na zakladé v té dobé dostupnych informaci z geologické-
ho prazkumu, vyhodnocenf viivu razby priizkumné Stoly, pasportizace nadzemni
zastavby a jejiho predb&zného technického zhodnoceni a ziskanych nabidek od
specializovanych firem z Ceské republiky, Francie, Japonska a dalSich, byla
posouzena reainost nékterych variant technologif razeb vhodnych pro realizac
lunelu Mrazovka, pfi dostateéném omezenl viivu razeb na nadzemnf zéstavbu
a zajisténi dostateéné bezpecnosti pfi razbach tuneld, Ve studii bylo hodnoceno

length of about 200 m with an overburden of 5 to 40 m, then through strata of
Letnd shales with an overburden 16 to 21 m, in the section between the streets
U Santosky and Bieblova, the tunnels pass through measures of Revnice quart-
zites with an average overburden of 20 m, behind the street Bieblova they pass
Revnice quartzites in strata of Letna shales — flysh development, and the tunne-
Is pass under Pavi vrch, where the overburden, in the place of the exhaust shaft,
is about 80 m thick. Positions of Revnice shales will be in ETT found even in the
space under the building of the school corner of the streets Ostrovského and
U Santosky, see Fig. 3.

EXPLORATORY GALLERY IN WTT MRAZOVKA TUNNEL

For construction up there was performed (for ETT is sfill performing), by the
prospecting department of PUDIS, a. s., a detailed engineering-geological sur-
vey which was completed within an additional engineering-technical survey by
driving an expleratory gallery realized in the axis of WTT from the northern por-
tal up to the place of the WTT connection to the ventilation fan-room. The explo-
ralory gallery was driven by Metrostav a. s., Division 5 by means of a roadhea-
der Alpina AM 50, with the production cross section 3.5/3.15 m with the lining
made of shotcrete with reinforcing frames Bretex, welded mesh and radial
anchoring according to principles of NATM (New Austrian Tunneliing Method).
The gallery was designed so that in the space under the housing, starting in the
street Oslrovského, the lining in the crown ma y be utilized permanently as a part
of the future lining of the road lunnel. Geotechnical tesls, measurements
and monitoring was performed by the prospecting department of PUDIS a. s.,
the monitoring during driving the gallery was performed by the compan ]l
IKEs. 1o

As to making the trial gallery, there were discussions at the beginning, with
many opinnions positive and negative. The driving of the trial gallery and resulls
obtained by geotechnical measurements and by observations in situ, proved
a considerable, it may be said decisive importance for forming a real opinion as
lo the rock conditions before starting the proper driving of car lunnels.
Information gained from the trial gallery affected in a considerable way the selec-
tion of the tunnelling method, connecting measures in underground and on the
ground and called the attention of all pariners of the works, the investor, the
designer and the contractor to problems, for which it is necessary to be prepa-
red and which must be got through within the realization,

The realization of the trial gallery, besides the above mentioned advantages,
proved at the first place the behavior of the rock during driving by means of the
NATM in all respective rock formations, and there were also verified critical pla-
ces for driving road tunnels, in the previously supposed profile of the street
Ostrovského, but also in another place, viz. in the space under lhe streels
Bieblova and Na Doubkové. In both profiles there were found out nearly the
same deformational rock properties, tectonic breakages, as well as the degree
and depth of weathering.

SELECTION OF THE TUNNELLING METHOD
FOR THE MRAZOVKA TUNNEL

When proposing the tunnelling method, there were taken into consideration
expected geological conditions in the alignement gradually verified by means of
a detailed engineering-geological survey and additional prospecting, realization
of the trial gallery and expected influence of tunne! driving upon the surface hou-
sing. Influences of driving upon the surface housing could be allowed only in
such an extent which does not cross the limit of a safe utilization of buildings and
did not cause a need of their evacuation. All was based on experiences gained
during the construction of Prague melro, Vinohrady tunnel, Strahov tunnel, trial
gallery Mrézovka and on opinions of our and foreign experts.

To find the optimum driving technology for the tunnel Mrézovka, at which diri-
ving effects (deformation of the ground surface) do not cross the limit of a safe
utilization of the surface housing, and, at the same time, which would be accep-
lable for the invester as to its time-consuming and financial requirements, the
company SATRA spol. s r. 0., at the end of 1996 and at the beginning of 1997
elaboraled a study ,Car tunnel Mrézovka — decreasing driving influence upon the
surface housing". In the study, on the basis of the geological survey information
accessible at that time, evaluation of driving effects of the trial gallery, passporti-
zation of the surface housing and its prefliminary technical evaluation and oblai-
ned offers from specialized firms from the Czech Republic, France, Japan and
other, there was evaluated the objectivity of some variants of driving lechnologi-
es suitable for realizing the tunnel Mrazovka at a sufficient limitation of driving
effects on the surface housing and ensuring a sufficient safety at driving the tun-
nels. In the study there were evaluated 9 tunnelling methods or combinations of
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celkem 9 tunelovacich metod ¢i kombinaci tunelovaci metody s dopliikovymi
opatfenimi jak v podzemi tak na nadzemni zastavbé. Vlastni studie i expertni
posudky, které ke studii zpracovali prof. Ing. Jifi Mencl,
prof. Ing. Jifi Bartak, DrSc. a prof. Ing. PhDr. Zdenék Eisenstein, DrSc. doporu-
¢ili daldi postup.

Vazné, az do Urovné ndvrhu technologickych postuptl razby byly sledovany
dvé metody, jednak metoda obvodového vrubu (Perforex) a jednak metoda
NRTM. Dalsi, doplfiujici informace z inZenyrskogeologického prizkumu proka-
zaly, Ze uplatnéni metody obvodového vrubu by bylo velmi problematické, pre-
devéim s ohledem na zastizené polohy velmi pevnych fevnickych kiemencl
v rozsahu vétsim nez se plivodné oCekavalo. Dalsi nevyhoda této metody v pod-
minkach tunelu Mrazovka by byla nezbytnost stfidani dvou technologii, Cili pre-
rudeni plynulosti razby. Prokézalo se, Ze optimalni metodou pro tunel Mrazovka
je technologie postupnych vyrubll s primarni obezdivkou ze stfikaného betonu
s vyztuznymi rdmy, sitémi a radiélnim kotvenim, tj. metoda NRTM, pii které je
mozné zvolenou strojni sestavou realizovat riizné profily tuneld a je mozné pruz-
né reagovat na nahlé zmény geologickych pomérd.

Informace ziskané z vyhodnoceni priizkumné Stoly véak upozornily na sku-
tecnost, Ze geologické poméry a technicky stav nadzemnf zastavby nepfipusti
uplatnéni metody NRTM bez provedeni nezbytnych sanaénich opatfeni v podze-
mi i na nadzemni z&stavbé.

Pro realizaci tunelu Mrazovka byla zvolena metoda NRTM s tim, Ze v zastize-
nych kritickych mistech, pfedev§im pod zastavbou budou uplatnény sanaéni
opatfeni (zpeviujici injektaZe provadéné v predstihu ze &toly, kotveni éelby, zesi-
leni konstrukee &toly, zvySeni Unosnosti v patéch kaloty, mikrodestniky, pfipadné
v mistech s extrémné nepfiznivymi geologickymi podminkami pod z&stavbou
uplatnéni kompenzaénich injektazi), v nadzemni zastavbé se provede zesileni
dle zjisténého stavu konstrukel objektd a cela realizace bude probihat jako sou-
visly komplex projektového navrhu, monitoringu, vyhodnocovani U¢ink( jednotli-
vych opatfeni a volby dalSich upravenych postupl a opatfeni jak v podzemi tak
na povrchu.

PRICNY REZ ULICI OSTROVSKEHO

a tunnelling method with additional measures, both for the underground and sur-
face construction. The own studies and expert’s opinions elaborated to the stu-
dy by Prof. Ing. Jifi Mencl, Prof. Ing. Jifi Bartak, Dr.Sc., and Prof. Ing.
PhDr. Zdenék Eisenstein, DrSc., and they recommended further procedure.

Till the stage of the project of driving technological methods there were obser-
ved two methods, both the method of the circumferential notch (Perforex) and
the method NATM. Further, completing information of the engineering-geoclogical
survey proved that the application of the circumferential notch method would be
very problematic, first of all with respect to positions of very hard Revnice quart-
zites in the larger extent than it was originally expected. Another drawback of
said method in conditions of the tunnel Mrazovka resided in the need to change
two technologies which would result in the fact that the driving would not be con-
tinuous. It was proved that the optimum method for the tunnel Mrazovka is the
technology of gradual stopes with a primary lining made of shotcrete, with rein-
forcing frames, mesh and radial anchoring, i.e. the NATM method, at which it is
possible to realize various profiles of tunnels by means of a selected complex of
machines, and it is possible to react quickly to sudden changes of the geological
situation.

Information gained by evaluating the trial gallery, draw, though, attention to the
fact that the geological situation and the technical condition of the surface hou-
sing does not allow to apply the NATM method without needed rescue measures
both in the underground and for the surface housing.

To realize the tunnel Mrdzovka there was selected the method NATM, and in
respective critical places, especially under housing, there will be applied rescue
measures (consolidation grouting performed in advance from the gallery, ancho-
ring of the heading, reinforcing of the gallery structure, increase of the loading
capacity in calotte feet, microumbrellas, eventually in places with extremely disa-
dvantageous geological condition under housing by means of compensation
grouting), in the surface housing there will be made a reinforcing according to the
found out state of the building structures and the whole realization will be perfor-
med as a coherent complex of the design draft, monitoring, influence evaluation
of individual measures and selection of further adapted processes and measu-
res both in underground and on the ground.
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PROJEKTOVA PRIPRAVA REALIZACE TUNELU MRAZOVKA

Projektova piiprava tunelu Mrazovka v Grovni DUR a DSP probiha v intencich
stavebniho zakona a pfedpisti souvisejicich. Vydani Uzemniho rozhodnuti a sta-
vebniho povoleni bylo u souboru staveb RAST pracovné rozdéleno na dvé stav-
by — 1. stavba ZTT a 2. stavba VTT. Kolaudace RAST bude probihat jako celek.

Pro vytvofeni uceleného podkladu pro realizace RAST byly do projektové pi-
pravy zahmuty nasledujici oblasti:

® projektova pfiprava viastnich trvalych investiénich objektl, tunely razeng,
tunely hloubené, funkéné souvisejici objekty, Upravy na funkéné souvisejicich
sitich a dopravni opatfent,

@ komplexni zhodnoceni stavajictho stavu nadzemni zastavby, inzenyrskych siti
a staveb v rozsahu dotéeném realizaci razenych podzemnich objektl a navrh
opatfeni na jejich ochranu,

@ navrh rozsahu a systému méfeni a sledovant pfi realizaci razenych podzem-
nich objektd.

Uvedené oblasti projektové piipravy tvoif spolu s vlastni realizaci razeného
dila uzavfeny proces, ktery se vzajemné dopliiuje a zpétné ovliviiuje.
Projektovou pfipravu razeného dila Ize povaZovat za ukonéenou az po provede-
ni dila s uzavienou konstrukef tunelové obezdivky a stabilizaci deformaci.

Pro ziskani co nejlepSich znalosti o horinovém prostiediv trase tuneld a moz-
nosti jejich uplatnéni pfi navrhu a realizaci je realizaéni dokumentace tunelu
Mrézovka v ramei 1. i 2. stavby ¢lenéna na diléi podobjekty, které zahmuiji z hle-
diska geotechnického Ci hlediska technického kvazinomogenni celky, ve kterych
se fesi, &i daji oéekavat obdobné problémy. Jako priklad Ize uvést zapadni tune-
lovou troubu, ktera je €lenéna na 10 diléich realizacnich projektd raZzeb. Soucasti
kazdé diléi RD raZeb je staticky vypotet matematického modelu metodou koneg-
nych prvk (MKP) v systému TUNNEL firmy RIB Bausoftware za Uéelem zji$té-
ni vnitinich sil v navrhované primami obezdivce a prognézy deformaci béhem
razby ve vybraném profilu tunelu. V ndvrhu projektu ,,Méfeni a sledovani pfi
vystavbé tunelu Mrazovka, jsou do téchto vybranych profild umistény kontrolni
a vyhodnocovaci profily s osazenymi méficimi prvky jednotlivych druh( méfeni
a sledovani, tak aby se naméfené hodnoty mohly po vyhodnoceni stat podkla-
dem pro korekci matematického modelu a tim i pfesnéjsim podkladem pro navrh
daldiho Useku razeb.

Na zékladé smluvniho vztahu se spolecnosti SATRA zpracovava Metroprojekt
a. 8. v kritickych mistech razby silniénich tunell srovnavaci staticky vypoget
(MKP) v systému MISES, profil v ulici Ostrovského. Posouzeni stejného fezu
proved| v rdmci DSP prof. Ing. Jifi Bartak, DrSc. a Dr. Ing. Jifi Picha v systému
FLAC 3.30.

S ohledem na realizaci tunelu Mrazovka ze dvou staveniét, od severniho por-
talu firmou Metrostav a. s. a od jizntho portalu firmou Subterra a. s. byla zpraco-
vana realizaéni dokumentace prvnich Useku raZzeb od obou portéli, véetnd zajis-
téni jizniho portalu.

Ve spolupraci se spole¢nosti FG Consult s. . 0. a Zakladani staveb a. s. se
dokonCuje realizaéni projekt na provedeni sanacnich zpeviiujicich injektazi pro
ZTT v Useku od severntho portalu az k ulici U Nikolajky.

Pro dodavatele méfeni a sledovani pii vystavbé VIS a. s. a ve spolupraci
s vybranymi zhotoviteli PUDIS a. s., Stavebni geologie — Geotechnika a. s.,
Barto$ — Engineering, IKE s. r. 0. a Angermeier engineers s. 1. 0. byla zpracova-
na realiza¢ni dokumentace méfeni a sledovani pi vystavbé ZTT.

Pro dotéenou nadzemni zastavbu v rozsahu poklesové zény ZTT (jedna se
celkem o 49 dom() se priibézné zpracovava dokumentace, ktera obsahuje zjs-
téni stavajiciho stavu jednotlivych objekt, jejich pasportizaci, statické posouze-
ni, navrh opatfeni na jejich ochranu pfi priichodu razby tunelu a navrh méfeni
a sledovani pfi realizaci.

ZAVER

Site problematiky spojend s pipravou a realizaci souboru staveb RAST, tune-
lu Mrazovka je natolik rozsahla a jisté i zajimava, ze povazujeme tuto informaci
za vstupni s tim, Ze v budoucnu pfedpokliadame orientovat daldi élanky na jed-
notlivé vybrané problémy jako jsou napf. technologické postupy realizace, méfe-
ni a sledovani pfi vystavhé, vétrani, pozami bezpeénost, sanaéni a kompenzad-
ni injektaze ap.

DESIGN PREPARATION OF THE MRAZOVKA TUNNEL

The design preparation of the tunnel Mrazovka in the level required for the ter-
ritorial decision and design for the building permit goes on in the tenor of the buil-
ding law and related regulations. The issue of the territorial decision and the buil-
ding permission as to the building complex RAST was from the working point of
view divided in two structures, viz. the 1st structure WTT and the 2nd structure
ETT. RAST will be approved as a whole.

To form a rounded-off background for realizing RAST, the following fields have
been included in the design preparation:

@ design preparation of the own permanent investment structures, driven tun-
nels, cut-and-cover tunnels, structures related as to function, adaptations of
relayed networks and traffic measures,

@ complex evaluation of the existing state of the surface housing, engineering
networks and buildings within the extent affected by the realization of driven
underground structures, and a design for their protection,

@ design of the extent and system of measurements and monitoring during the
construction of driven underground structures.

The mentioned fields of the design preparation form, together with the proper
realization of the driven work, a closed process, which is mutually completed and
affected in a feedback way. The project preparation of the driven work may be
considered as completed after the work with a closed structure of the tunnel
lining is finished and deformations stabilized.

For gaining the best knowledge of the rock surroundings along the tunnel rou-
te and possibility of its application in the design and construction, the working
design (RD) of the tunnel Mrézovka within the 1st and 2nd structure is articula-
ted in partial substructures which comprise, from the geotechnical or technical
point of view, quasihomogeous complexes, in which there are solved or can be
expected analogous problems. As an example, we can mention the west tunnel
tube which is articulated in 10 partial working driving designes. A structural ana-
lysis of a mathematical model by means of the method of final elements (MFE)
in the system TUNNEL of the firm Bausoftware for finding out internal forces in
the designed primary lining and the deformation prognosis during driving opera-
tions in a selected tunnel profile, forms a part of each partial RD. In the draft of
the project “Measurements and monitoring during the Mrézovka tunnel” there are
situated, in said selected profiles, inspection and evaluation profiles with instal-
led measuring elements of individual kinds of measurement and monitoring, so
that the measured values, after having been evaluated, may be the base for cor-
rections of the mathematical model, and in this way a more precise base for
designing the next section of driving.

On the basis of the contractual relation with the company SATRA, the com-
pany Metrostav a. s. is elaborating, for critical places of the car tunnel driving,
a comparing structural analysis (MFE) in the system MISES, as to the profile in
the Ostrovského street. The evaluation of the same cross section was made by
Prof. Ing. Jifi Barték, DrSc. and Dr. ing. Jifi Picha in the system FLAC 3.30.

With respect to the realization of the tunnel Mrézovka in two building sites,
from the northern portal by the firm Metrostav a. s. and from the southern portal
by the firm Subterra a. s., there was elaborated the design of the first sections of
drivings from both portals, including supporting the southern portal.

In cooperation with the company FG Consult s. r. 0. and Zakladani staveb
a. 8., the design for performing reinforcing grouting concerning WTT in the sec-
tion from the northern portal up to the street U Nikolajky is under completing.

The working drawings concerning measurements and monitoring during the
construction of WTT was elaborated in cooperation with selected firms, viz.
PUDIS a. s., Stavebni geologie — Geotechnika a. s., Bartog — Engineering, IKE
s. r. 0. and Angermeier Engineers s. 1. 0., for VIS a. s., the contractor of measu-
rement and monitoring during the construction.

Documents which includes the finding out of the existing state of individual
buildings, their passportization, evaluation of statics, design of measures for the-
ir protection when driving the tunnel and the design for measurements and moni-
toring during the realization is elaborating in a running way for the respective sur-
face housing within the extent of the WTT subsidence zone (it concerns 49 hou-
ses).

CONCLUSION

Problems related to the preparation and realization of the RAST building com-
plex, the tunnel Mrazovka is so extensive and interesting that this information
can be considered as introductory, and we suppose to present further articles
concerning selected individual problems such as technological processes of rea-
lization, measurement and monitoring during the construction process, ventilati-
on, fire safety, rescue and compensating grouting, and the like.




ré

7. ROCNIK, ¢&. 4/98

35

Tunel

TUNEL BRANISKO - ZMENY V PROCESE PROJEKTOVEJ PRIPRAVY STAVBY

THE BRANISKO TUNNEL - CHANGES IN THE PROCESS OF THE DESIGN
PREPARATION OF ITS STRUCTURE

Ing. MILOSLAV FRANKOVSKY, TERRAPROJEKT, a. s. BRATISLAVA

Tunel Branisko uz nikdy nestrati jeden slovensky historicky primat, je totiz
prvym tunelom, ktorého vystavba zadala v rdmci programu vystavby dialhic
a zarovef prvym velkym podzemnym dielom na Slovensku po desattogiach utl-
mu tunelového stavitelstva. Pravdepodobne ale nebude prvym tunelom uvede-
nym do prevéadzky vzhladom na svoju dizku a z toho vyplyvajicou dobu vystav-
by, kedZe by sa v najbliz§om ¢ase mala na Slovensku zacat vystavba podstatne
kratéich tunelov. Nakolko v pripade Braniska ide o dialniény tunel dizky cca 5 km,
naro¢nost sa netyka len samotnej vystavby ale tiez prevadzkového technologic-
kého vybavenia tunela, najma vetracieho systému. Vyvoj projektového rieSenia
odréza na jednej strane Sirokd $kalu Ucastnikov procesu projektovej pripravy
tunela a na druhej strane nedostatocnt normovu béazu, ktora sa pripad od pripa-
du doplihala o prvky najmé rakdskych smemic a noriem. Turbulencie, ktorymi sa
tento proces vyznacoval su logickym sprievodnym javom vynimo¢nosti opisanej
v predoslych vetach.

ZAKLADNE UDAJE

Tunel Branisko je sucastou stavby Useku dialnice D 1 Beharovce—Branisko,
nachadzajliceho sa na vychodnom Slovensku, zhruba na polceste medzi

The tunnel Branisko will never lose one Slovak historical primary. It is the first
tunnel, the construction of which started within the plan for building up motor-
ways, and at the same time it was the first big underground work in Slovakia after
several decades of the tunnel building suppression. It will be likely not the first
tunnel set into operation, with respect fo its length and from that fact the resul-
ting building period, because very soon there will be started construction of con-
siderably shorter tunnels in Slovakia. As in case of the tunnel Branisko it con-
cerns a motorway tunnel being about 5 km long, demands do not concern the
proper building up only, but the operational technological outfit as well, especial-
ly the ventilation system. The development of the project solution reflects, on the
one hand, a wide scale of participants of the process of the tunnel design pre-
paration and, on the other hand, an insufficient basis of standards which is, case
by case, completed with elements especially of Austrian directives and stan-
dards. Turbulences which characterized said process, are the logical incidental
phenomenon of the exceptionality described in previous sentences.

BASIC DATA

The Branisko tunnel is a part of the motorway structure D 1
Beharovce-Branisko, taking place in the Eastern Slovakia, approximately in the
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LevoCou a PreSovom. Branisko je asi 20 km dlhy horsky hrebefi s nadmorskou
vyskou medzi 950 az 1300m n. m., situovany v severo-juznom smere, teda prib-
lizne kolmo na trasu diaice. Sugasny cestny prechod Statnej cesty 1/18 je vede-
ny sedlom s priznaénym menom ,,Chvalabohu,. Tento horsky prechod s velmi
zlymi jazdnymi podmienkami najmé v zimnom obdobi bude nahradeny spome-
nutym dsekom dialice, ktory prekoné masiv Braniska pfiblizne 5 km dihym rov-
nomennym tunelom.

Tunel bude mat' v prvej etape jednu, juznu tunelovu riru s obojsmernou pre-

mévkou, ktord by mala kapacitne postagit na obdobie minimaline 15 rokov, ked

by mala byt' vybudovand a do prevadzky uvedena druhd, severna tunelova rira.

Vystavba tunela zacala v roku 1996, ked' v aprili 1996 zaalo razenie pries-
kumnej §tdlne v trase budlcej, sevemej tunelovej rary. Stélha bola prerazena
v decembri 1997 a okrem toho, Ze poskytla cenné poznatky o geologickom prost-
redi, bude vyuzita i v dalSom obdobi. Po uvedeni juznej tunelovej rary do pre-
vadzky bude Stdita plnit funkciu Unikovej cesty pre osoby.

Samotné razenie tunela od oboch portalov zacalo v méaji 1997. Dodavatelom
stavebnej Casti tunela je Zdruzenie Branisko, ktoré okrem lidra
Vodohospodarskej vystavby $. p., tvoria Banské stavby a. s., Hydrostav a. s.,
Vahostav a. s. a ZdruZenie Spi$ (tvorené spigskymi firmami Zelba a. s., Uranpres
s. 1. 0. a Geotechnik s. r. 0.). Spracovatefom realizacnej projektovej dokumenta-
cie je Terraprojekt a. s. Bratislava.

Dodavatelom technologickej (elektro-mechanickej) casti tunela je Kfizk a. s.
PreSov, ktory bol vybrany verejnou sttaZou vyhodnotenou vo februari 1998.

TECHNOLOGIA VYSTAVBY

Niekolkodesatrocné obdobie, v ktorom sa na Slovensku nebudovali podzem-
né stavby velkych prierezov, vyvolavalo otdzky spésobilosti dodavatelskych firi-
em zabezpedit razenie v poZadovanej kvalite a ¢asovych stvislostiach zodpo-
vedajlcich eurépskym Standardom, uréenym najma v alpskych krajinach apliko-
vanymi postupmi Novej rakuskej tunelovacej metddy. Pritom véak niektoré slo-
venské firmy okrem skusenosti s vystavbou §téIni a maloprofilovych tunelov pre
komunalne potreby, pre banské alebo vodohospodérske tdely disponovali sku-
senostami s vystavbou dopravnych tunelov, ktoré ziskali v zahraniéi, najma
v Nemecku.

Aktualny stav razenia tunela Branisko ddva za pravdu tym, ktori déverovali
schopnostiam a moZnostiam domacich dodavatefskych firiem. Obe razi¢ské fir-
my, Banské stavby a Zdruzenie Spi$ v Uzkej spolupraci s raktskymi tunelarsky-
mi expertmi zabezpedenymi prostrednictvom Terraprojektu z renomovanych firi-
em ILF Innsbruck a Angermeier, zvladli technoldgiu vystavby podfa principov
Novej rakiskej tunelovacej metddy.

Ako uz bolo uvedené, razenie tunela zacalo v maji 1997 a po zvladnuti naj-
narotnejich geologickych podmienok v priportalovych tsekoch (ktoré boli pri
razeni tunela prekonané rychlejSie a bezproblémovejdie nez pri razeni pries-
kumnej §tdlne!) sa v roku 1998 tempo razenia znaéne zrychlilo a v jali 1998 bola
uz vyrazena polovica dizky tunela. Predpoklad prerazenia kaloty je v maji 1999,
ked' priemerné mesaéné vykony sa v sti¢asnosti pohybuijli na drovni 300 m (spo-
lu od oboch portélov).

PRIECNY REZ TUNELA

Prikladom klukatosti ciest, ktorymi sa proces pripravy tunela uberal, je jeden
zo zékladnych navrhovych prvkov — prieény rez tunela.

V roku 1995 spracoval Geoconsult Bratislava technickl $§tidiu, v ktorej
navrhoval pri€ny rez na zaklade platnej normy STN 73 7507 s prejazdnym prie-
rezom vysky 4,8 m a Sirkou vozovky medzi obrubnikmi 9,0 m. Takto navrhnuty
prieény rez (na obr. 1 prieény rez so spodnou klenbou pre najhorsie horninové
prostredie) predstavoval plochu vyrubu od 93,3 m? do 108,9 m?, v zavislosti
od triedy vyrubu. Plocha vetracieho kandlu nad dopravnym priestorom bola
13,8 m2.

V tom €ase si uz investor Slovenskd sprava ciest za podpory odbornej tune-
larskej verejnosti pine uvedomoval rozpor medzi platnymi technickymi normami
uréujdcimi prejazdny prierez rozmerov 9,0 x 4,8 m a &tandardmi platnymi
v europskych i mimoeurépskych krajinach, ktory by viedol k zbytoénému predra-
Zovaniu vystavby.

V roku 1995 bola pre investora vypracovana expertna $tdia (autor tohto pris-
pevku patril do kolektivu jej spracovatefov), v ktorej boli zhodnotené tatistiky exi-
stujlcich cestnjch tunelov, zhrmuté normy a smernice platné v tunelarsky vyspe-
lych krajinach i doporiéania odbornych medzinérodnych asociacii vzhladom na
ekonomické, prevadzkové a bezpeénosté aspekty priecneho rezu cestného
tunela. Na zaklade zaverov tejto Stidie bola pre pripravované tunely na dialhié-
nej sieti udelena vynimka z STN 73 7507 a stvisiacich noriem, povolujlca pre-
jazdny prierez rozmerov 7,5 x 4,5 m. Tato redukcia méZe podfa $tudie predsta-

half way between Levoca and PreSov. Branisko is a mountain ridge about 2 km
long, 750 up to 1300 m above sea level, situated in the north-southern direction,
i.e. approximately perpendicularly to the motorway. The present passage of the
state road I/18 goes through the saddle with the characteristic name "thank God".
Said mountain passage with bad driving conditions, especially during winter, will
be replaced with said motorway section, which will cross the Branisko massif
through a tunnel, about 5 km long.

The tunnel, within the first stage, will be formed by one tunnel tube with
two-way direction traffic, the capacity of which should be sufficient for the period
of 15 years at least, and then there should be buift up and set into operation the
other northern tunnel tube.

The work started in the year 1996, when, in April 1996, there started the dri-
ving of the trial gallery in the alignement of the future northern tunnel tube. The
gallery was driven through in December 1997, and besides the fact that it provi-
ded valuable knowledge on geological conditions, it will be utilized even within
the future period. After setting the southern tunnel fube into operation, the galle-
ry will have the function of an escape passage for persons.

The proper tunnel driving on both mouths started in May 1997. ZdruZenie
Branisko joint venlure is the contractor for the building part of the tunnel.
Together with Vodohospodadrska vystavba . p. — the leader contractor, Banské
stavby a. s., Hydrostav a. s., Vahostav a. s. and Zdruzenie Spi$ (consisting of
Spis firms Zelba a. s., Uranpres s. 1. 0. and Geotechnik s. r. 0.) form the joint ven-
fure. Terraproject a. s. Bratislava is the elaborator of the designs and working
drawings.

Krfizik a. s. PreSov which was selected in a tender evaluated in February 1998
is the supplier of the technological (electrical-mechanical) part of the tunnel.

CONSTRUCTION METHODS

Several decade period, in which no underground structures of large cross sec-
tions were built, caused questions concerning the ability of contractors to perform
driving works in the requested quality and in the chronological linking up, cor-
responding with European standards designed especially for the New Austrian
Tunnelling method applied in regions of the Alps. But some Slovak firms, besi-
des experience with building galleries and small profile tunnels for communal
needs, for mining purposes or water industry ones, have experience with con-
struction of transport tunnels gained abroad, especially in Germany.

The actual situation in driving the tunnel Branisko shows that those experts
who trusted the ability and possibilities of domestic contractors, were right. Both
driving firms, viz. Banské stavby and ZdruZenie Spis, in a close cooperation with
Austrian tunnel experts of prestigious firms such as ILF Innsbruck and
Angermeier, which was mediated by Terraprojekt, coped with the driving techni-
ques according to principles of the New Austrian Tunnelling method.

As it has been already mentioned, the tunne! driving started in May 1997 and
after having coped with most difficult geological conditions in portal sections
(which were at driving the tunnel overcome quicker and with less problems than
at driving the trial gallery!), the driving progress was considerably accelerated
and in July 1998 one half of the tunnel length has been already driven. The calot-
te break through is expected in May 1999, because the average monthly outputs
represent about 300 m (together from both portals).

CROSS SECTION OF THE TUNNEL

One of the basic design elements — the cross section of the tunnel, is an
example of problems relating to the tunnel preparation process.

In the year 1995 the firm Geoconsult Bratislava elaborated a technical study,
where the cross section was designed according to the valid standard STN
73 7507, with the traffic clearance height of 4.8 m, and the roadway width bet-
ween curb stones should be 9.0 m. The cross section designed in this way (Fig. 1
— the cross section with the invert for the worst rock conditions) represented the
excavated cross section area from 93.3 n? up to 108.9 n? in dependence upon
the rock class. The area of the ventilation channel over the transport space was
13.8 n?.

At that time, the investor Slovak Road Administration, supported by tunnelling
experts, was fully aware of the contradiction between valid technical standards
determining the traffic clearance dimensioned 9.0 x 4.8 m and standards valid in
European countries even outside Europe, which would cause a useless over-pri-
cing of the construction.

In the year 1995 there was elaborated an expert's study for the owner (the aut-
hor of this article was a member of the elaborator team), in which statistic data
of existing road tunnels were evaluated, standards and directives valid in regions
advanced in tunnel engineering, as well as recommendations of professional
international associations with respect to economic, operational and safety
aspects of road tunnel cross sections were summarized. With respect to conclu-
sions of said study, an exception from the state technical standard 73 7507 and
related standards was granted for prepared tunnels of the motorway network,
which allows the traffic clearance of dimensions 7.5 x 4.5 m. Said reduction can
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vovat na pripravovanych dialiénych tuneloch celkovej dizky cca 40 km Uspory
nékladov v hodnote viac nez 2 miliardy Sk v cenovej urovni roku 1995.

Dalsie projektové stupne, dokumentaciu pre Gzemné rozhodnutie a dokumen-
taciu pre stavebné povolenie spracovali INCO-Banské projekty s. r. o. Bratislava.
V dokumentacii pre izemné rozhodnutie bol uz prieény rez navrhnuty s prejazd-
nym prierezom v zmysle vynimky z normy. Projektant v navrhu vetrania stanovil
potrebnu plochu vetracich kanalov v hodnote 16 m* a navySe umiestnil pod
vozovkou kolektor pre inZinierske siete, takze vysledna plocha priecneho rezu sa
pohybovala od 89,4 m? do 105,7 m2. Takyto prie¢ny rez tunela bol pouZity v pod-
kladoch verejnej sutaze na dodavku stavebnej Casti (obr. 2).

V sitaznom vybere obstaravatela bolo Uspe$né Zdruzenie Branisko, ktoré
v ponuke prediozZilo alternativny technicky névrh. Tento navrh sa od sitaznych
podkladov odligoval vo viacerych parametroch. Co sa tyka prieéneho rezu tune-
la, v stitaznom navrhu bol z prieéneho rezu vynechany kolektor a vetraci kanal
nad medzistropom podfa alternativneho navrhu vetrania postacoval s plochou
v hodnote 12 m2.

Vzhfadom na vzajomnu rozpormost dvoch navrhnutych systémov vetrania
(INCO-BP a Terraprojekt/ILF), zadal investor nezavislym zahrani¢nym expertom
spracovanie posudkov k obom ndvrhom. Na zaklade zaverov tychto posudkov
uréil investor plochu vetracich kanalov v hodnote 14 m?.

Vysledny prieény rez podfa navrhu spracovatela realizaénej dokumentacie
Terraprojektu a. s. (obr. 3) je uz definitivnym, podla ktorého sa vystavba tunela
realizuje.

Plocha tohto prieéneho rezu je v zavislosti na triede vyrubu v hodnote od
83,2 m? pre triedu Il. az po 102,7 m? pre triedu VI. so spodnou klenbou.

VETRANIE

Pretrvavajucim spornym bodom pri vystavbe tunela Branisko zostavalo pre-
vadzkové vetranie. Rozdielnost pristupu jednotlivych projekénych firiem sa odra-
zila v diametralne odli$nym navrhoch vetracieho systému. K ekonomickému
porovnaniu jednotlivych variantov zatial nedoslo, skutoné naklady na systém
vetrania so $achtou v8ak budd v koneénom dosledku zndme a budi méct byt
porovnané s alternativnymi navrhmi.

Navrh vetrania v technickej $tudii spracovanej Geoconsultom predpokladal
poloprie&ne vetranie s rozdelenim tunela na dva vetracie tseky. Cisty vzduch by
bol vhanany do dopravného priestoru prostrednictvom kandlu nad dopravnym
priestorom plochy 13,8 m? a znecisteny vzduch by vychadzal cez oba tunelové
portaly.

PRIECNY REZ PREJAZDNYM PRIEREZOM 7,5x4,5m,

PLOCHA VETRACICH KANALOV 16,0m?
Cross section with the passage cross section 7.5 x 4.5 m, area of the ventilation channel 16.0 m?

VETRACI KANAL
Ventilation channel!

OSVETLENIE
Humination

VETRACI KANAL
Ventilation channel

represent, according to the study, as to prepared motorway tunnels of the total
40 km length, a cost saving in the amount of more than 2 milliard Sk in the price
level of the year 1995.

Other project stages, the documentation for the territorial decision and the
documentation for the building permit were elaborated by INCO-Banské projek-
ty s. 1. 0. Bratislava. In the documentation for the territorial decision, the cross
section was designed with the traffic clearance according to the exception from
the standard. The designer in the ventilation design determined the needed area
of ventilation channels in the value of 16 m? and, more over, there was situated
a duct for engineering networks under the roadway, so that the resulting area of
the cross section moved from 89.4 m? up to 105.7 n¥. Such a tunnel cross sec-
tion was applied in documents for the public tender concerning the building part
delivery (Fig. 2).

In the tender selection there was successful ZdruZenie Branisko which pre-
sented in the offer an alternative technical design. Said design differed from the
tender documents in several parameters. As to the tunnel cross section, the ser-
vices was omitted in the tender project and the ventilation channel over the inter-
mediate ceiling slab, according to the alternative design, was sufficient with the
area of 12 n?.

With respect to mutual contradictions of two designed ventilation systems
(INCO-BP and Terraproject/ILF), the owner requested independent foreign
experts to elaborate expert's opinions for both designs. With respect to said
expert's opinions, the owner laid down the area of ventilation channels in the
value of 14 n?.

The resulted cross section according to the design of the elaborator of the
working drawings, i.e. Terraprojekt a. s. (Fig. 3), is now final and the tunnel con-
struction is carried out according to it.

The area of said cross section depends upon the stope class in the value from
83.2 n? for the class Il. up to 102.7 n? for the class VI with the invert.

VENTILATION

Operational ventilation stayed the questionable point as to the construction of
the Tunnel Branisko. The different points of view of individual firms were reflec-
ted in completely different projecis for the ventilation system. The economic com-
parison of individual variants was not yet made, real costs for the system with the
shaft, though, will be known in the final consequence and it will be possible to
compare them with the alternative design.

The design how to solve the ventilation, included in the technical study elabo-
rated by Geoconsult, suggested a semi-transverse ventilation with dividing the
tunnel to two ventilation sections. Fresh air would be driven into the fransport
area by means of a channel over the transport space of the area of 13.8 nv’, and
polluted air would go out through both tunnel portals.

In the next documentation stage, the designer INCO-BP proposed a combined
ventilation system with an intermediate ventilation shaft. The reason of the desig-
ning for the shaft, taking away polluted air, resided in concentration of pollutans
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Primary lining - gunite

GEOTEXTILIA VODOTESNA FOLIA, OCHRANNA FOLIA
Geolextiles waterproof foil

SEKUNDARNE OSTENIE - BETON B 30
Secoadary lining - concrete B 30

DOPRAVNE ZNACKY, INFPORMACNE TABULE
Traffic signs, information table
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V daldom stupni dokumentacie navrhol projektant INCO-BP kombinovany
systém vetrania s medzilahlou vetracou Sachtou. Dévodom pre navrh Sachty
plniacej funkciu odvadzania znecisteného vzduchu boli koncentracie skodlivin na
portaloch prevysujlice zakonom stanovené limity. Vzhladom na vzdialenost cca
350 m od najbliz8ej zastavby pri zdpadnom portéli véak bolo mozné predpokla-
dat' dostatoény rozptyl Skodlivin, ¢o ale nebolo preverené imisnou tidiou.

Navrhnuty systém vetrania delil tunel na Styri vetracie Useky, pri¢om v jednom
dseku bol tunel vetrany pozdizne, v dvoch poloprieéne s odvadzanim zneciste-
ného vzduchu a v jednom polopriecne s privadzanim gistého vzduchu. Potrebna
plocha vetracich kanélov pre polopriene vetranie bola 16 m?. Odvadzanie zne-
gisteného vzduchu bolo zabezpedené dachtou hibky 120 m, nachadzajucou sa
priblizne v polovici dizky tunela.

Alternativny technicky navrh, ktory do sutaze podalo ZdruZenie Branisko
vychadzal z odlisSného systému vetrania. Navrh vetrania vypracoval ILF
Innsbruck pre spracovatela realiza¢nej dokumentacie Terraprojekt. V alternativ-
nom rieseni bolo navrhnuté poloprie¢ne vetranie bez medzilahlej Sachty s odvad-
zanim znecisteného vzduchu cez portaly. Potrebna plocha vetracich kanalov

DEFINITIVNY PRIECNY REZ S PLOCHOU VETRACIEHO KANALU 14m?
Final cross section with the ventilation channel of 14 m?

on portals; the quantily of pollutans, though crossed limits determined by law.
However with respect to the distance of about 350 m from the nearest built-up
area at the western mouth, it was possible to suppose a sufficient scattering of
pollutans, which was, though, not tested by means of an immission study.

The proposed ventilation system divided the tunnel in four ventilation sections.
In one section, the tunnel was ventilated longitudinally, in two sections in a semi-
transverse way with taking away polluted air, and in one section in a semi-trans-
verse way with delivering fresh air. The needed area of the ventilation channels
for the semi-transverse ventilation was 16 . The taking away of polluted air
was secured by means of a shaft being 120 m deep, taking place approximate-
ly in the middle of the tunnel length.

The alternative technical design sent to the public tender by ZdruZenie
Branisko was based on a different ventilation system. The ventilation system was
elaborated by ILF Innsbruck for the Terraprojekt which was the elaborator of the
realization documentation, In an alternative solution there was proposed a semi-
transverse ventilation without any intermediate shaft, with taking away polluted
air through tunnel mouths. The needed area of ventilation channels was deter-
mined in the value of 12 n?. A scattering study, which proved that the pollution
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Fig 3

bola stanovend v hodnote 12 m? SGéastou navrhu bola i rozptylova Stidia, kio-
ra preukazala, ze koncentracie Skodlivin v zastavanej oblasti pri zapadnom por-
tali nepresahuji zakonom stanovené limity.

Ako uz bolo uvedené, investor rozhodol na zaklade posudkov zahraninym
expertov o velkosti vetracich kanélov v prie¢nom reze tunela. Otazka koneéné-
ho vyberu vetracieho systému vSak zostala nezodpovedana az do vyhodnotenia
sutaze na technologicku ¢ast tunela. Vybrany uchadzaé Kiizik Presov v svojej
ponuke predlozil navrh poloprieneho vetrania s medzilahlou $achtou, ¢im sa
diho otvoreny problém definitivne uzavrel,

ZAVER

Uvedeny vyvoj technickych rieseni odrézal nielen odli$né pristupy jednotlivych
projekénych kancelarii ale tiez vynimo¢nost procesu spdsobent faktom, Ze $lo
o prvy tunel z celej série pripravovanych tunelov, ktory ale bude patrit vdaka svo-
jej dizke medzi stavebne i prevadzkovo najnéroénejsie. V neposlednej miere sa
na problémoch podielal i nedostato¢ny stav normovych podkladov, ktory bol jed-
notlivymi projektantmi pripad od pripadu doplany o ustanovenia noriem a smer-
nic tunelarsky vyspelych eurdpskych krajin, najma rakuiskych. Kazdopadne v§ak
mozeme konétatovat, Ze tunel Branisko bude po uvedeni do prevadzky predsta-
vovat' dielo s prevadzkovymi i bezpeénostnymi parametrami zodpovedajlcimi
medzinarodnym standardom.

concentrations in the built-up area at the western tunnel mouth do not cross the
determined limits, was a part of the project.

As it has been already mentioned, the owner decided, with respect to foreign
expert's opinions, the problem concerning sizes of ventilation channels in the
cross section of the tunnel. The question of the final selection of the ventilation
system, though, stayed not answered fill the public tender concerning the tech-
nological part of the tunnel was evaluated. The selected applicant, viz. Krizik
Presov, presented in its offer the design for a semi-transverse ventilation with an
intermediate shaft, and so said problem, lasting for a long time, was finally sol-
ved.

CONCLUSION

The mentioned development of technical solutions reflected not only different
standpoints of individual design offices, but also the exceptionality of the process
caused by the fact that it was the first tunnel of the whole series of prepared tun-
nels, which, though, with respect to its length, will be one of the most exacting
both from the building point of view and from the operational one. An insufficient
situation as to standard documents which were completed, case by case, by indi-
vidual designers with provisions of standards and directives of regions advanced
in tunnel building, especially of Austria. In any case one can state that the tunnel
Branisko, after being set into operation, will represent a work having operational
and safety parameters corresponding with international standards.
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INZENYRSKOGEOLOGICKE POMERY
TREBOVICKEHO TUNELU

ENGINEERING-GEOLOGICAL CONDITIONS
OF THE TREBOVICE TUNNEL

Ing. JIRf PAVLIK, CsC., GEOTEST BRNO, . s.

Jednim ze dvou tuneld na trati Ceska Trebova-Olomouc je jednokolejny
512 m dlouhy tfebovicky tunel nachazejici se mezi stanicemi Trebovice
v Cechach a Rudoltice. Tunel ma byt rekonstruovan v ramci modernizace a opti-
malizace |I. Zelezni¢niho koridoru. Nutnost rekonstrukce spocivajici pfedevsim
ve zvétdenf prlijezdného profilu vyvolala potfebu detailniho vySetieni inzenyr-
skogeologickych pomérd a stanoveni hodnot geotechnickych vlastnosti masivu
tunelem prorazeného potfebnych pro vypracovani projektu rekonstrukce.

Tunel byl vystavén plvodné jako dvoukolejny v letech 1842—1845 v ramci

SITUACE TREBOVICKEHO TUNELU
Lay-out of the Trebovice tunnel

One of the tunnels of the railway track Ceska Trebova-Olomouc is a single-
track, 512 m long Trebovice tunnel, situated between stations Trebovice in
Bohemia and Rudoltice. The tunnel is to be subject to reconstruction within
modernizing and upgrading the lind railway corridor. The necessity of the recon-
struction, residing above all in enlarging the traffic clearance, caused the need of
a detailed finding out of engineering-geological conditions and the determination
of geotechnical properties of the rock in which the tunnel was driven, viz. those
ones needed for elaborating the design of reconstruction.
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stavby Zeleznice Olomouc—-Praha. Jeho stavitelé vedeni snahou o co nejpfizni-
v&jsi spadové poméry véak nezvolili jeho lokalizaci $tastné, nebot jej umistili do
sedla rozdélujiciho Hiebecovsky hieben, do &asti budované terciernimi jily pro-
stoupenymi polohami zvodnélych piskll — horninami pro razbu tunelu krajné
nepfiznivymi.

Tunel byl vyrazen s nesmirnymi obtizemi projevujicimi se zavalovanim, komi-
novéanim a piedevaim zvedanim dna a nadmérmym sedanim opér. Byl vystrojen
zdivem z piskovcovych kvadrl — z materidlu, jak se pozdéji ukazalo, $patné
vzdorujicimu agresivnimu prostiedi parniho provozu v tunelu.

Daldi obtize nastaly jiz kratce po zahajeni zelezniéniho provozu. Dochazelo
k bouleni poévy a k deformaci klenby, ktera musela byt rozepirdna dfevénymi
vyztuhami, do znaéné miry omezujicimi provoz v tunelu. Poruch postupem ¢asu
piibyvalo, coz nakonec vyUstilo v opusténi tunelu v roce 1866 a prevedeni Zelez-
ni¢ni dopravy na nové vybudovanou trat' povrchové vedenou s horsimi spadovy-
mi poméry, pfedevsim se strméjsim sklonem na rudoltické strané.

Pfi zdvoukolejfiovéni Zeleznice v dobé prvni republiky bylo rozhodnuto vyuzit
tunel pro jednokolejny provoz ve sméru od Rudoltic a pro opaény smér povrcho-
vou trat, €&imz by se bylo moZno vyhnout nepfiznivému stoupani na této trati.
Tunel v3ak byl jiz z velké Easti zavalen a oba jeho portdly byly zniGeny.
Rekonstrukce, jeZ byla ukonéena v roce 1932, proto probihala opét s velkymi
obtizemi. Obezdivka jednokolejného tunelu byla vioZzena do vétsiho profilu
piivodniho dvoukolejného tunelu v jeho relativné neporusenych &astech, v dse-
cich se zdeformovanou pavodni obezdivkou bylo nutno starou obezdivku na
mnohych mistech odstranit. Nova obezdivka byla vytvofena z bloki frydbergské
2uly (ze Zulovskeho plutonu v Rychlebskych horach) povazované za jeden z nej-
kvalitngj8ich kamennych materiéli. Pfesto po cca 20 letech provozu bylo nutno
na ¢asti tunelu klenbu rekonstruovat vioZenim ocelovych vélcovanych profilt
zalitych betonem.

Materidl z vyrubu tunelu a pfedzarezd byl ulozen na povrchu Gzemi pifmo nad
tunel a do blizkosti hran zéfezli v zapadni ¢asti (aZ k silnici 1/14 pfechazejici
napfi¢ tunel pfiblizné v poloviné jeho délky) ve vrstvé cca 2 m mocné, ve vychod-
ni ¢asti ve vrstvé slabsi a nepokryvaijici celé vymezené Gzemi.

Prlzkum pro rekonstrukci tunelu probéhl ve dvou etapach. Piedb&zny pro-
zkum uskute¢nény SGS Praha v roce 1996 byl zaméfen na ziskani poviechnych
informaci 0 masivu, jeho zakladnich charakteristik i charakteristik vypIng dfivéj-
$ich tunelovych komind. V této etapé byly provedeny 4 vrty situované na povr-
chu (mimo prostor tunelu), odbér vzork(i zemin a laboratorni zkousky.

Druhou etapou byl priizkumny podrobny, jeZ realizoval GEOtest Brno, a. s.,
v letech 1997-1998. Jeho cilem bylo zjisténi skutecnych rozmérl stavajici tune-
lové obezdivky véetnd spodni klenby, makroskopicky popis slozeni konstrukce
stavajici tunelové obezdivky, zjisténi skladby a stavu horninového masivu v nej-
blizsim okoli za stavajici tunelovou obezdivkou, stanoveni indexovych, pretvar-
nych a pevnostnich charakteristik zemin za opérami a klenbami tunelu a uréen{
agresivity podzemni vody na stavebni materily. K tomu dcelu bylo uvnitf tunelu
vyhloubeno celkem 64 maloprofilovych jadrovych vt # 56 mm do osténi délky
2-4,7 m (v zvislosti na celkové tloustce obezdivky) uspofadanych do 9 vajifi
a 8 jadrovych vrtd # 137-178 mm do podvy tunelu diouhé az 10 m, Z vrtd byly
odebirany vzorky jak zemin za obezdivkou, tak i viastniho materilu osténi. Byla
rovnéz vzorkovana podzemni voda jejim odbérem z vrt i mist soustfedéného
vytoku.

Odebrané vzorky zemin byly podrobeny zkouskam a rozbordm v laboratofi
mechaniky zemin a. s. GEOtest Brno. Zkou$enymi zeminami byly pfedevsim
soudrZné zeminy obklopujici osténi tunelové trouby — jily pievazné tidy F8, vyji-
meéné F6 (ve smyslu CSN 73 1001 Zakladova ptida pod plodnymi zaklady).
Minimum vzorkl reprezentovalo ojedinélé izolované viozky hlinitych az jilovitych
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The tunnel was built originally as a double-track tunnel within the years 1842
lo 1845 during building the railway -track Olomouc—Prague. Its constructors,
though, trying to achieve optimum gradient conditions, did not select its location
well, because they located it in a saddle dividing the Hfebecov mountain ridge,
in the part formed by tertiary formation clays pervaded with positions of satura-
ted sands - i.e. in rocks extremely inconvenient for driving tunnels.

The tunnel was driven with extreme difficulties resulting in breaks and caving
in, and, above all, in rising the bottom and in an excessive settlement of side
walls. It was provided with masonry made of sandstone blocks — i.e. of material,
which is not resistant against aggressive environments of the steam operation in
the tunnel.

Further problems appeared just after the railway transport was set into opera-
tion. Floor bulging and deformations of the vault took place. The roof arch had to
be expanded by means of wooden braces which considerably limited the opera-
tion in the tunnel. Defects increased in the course of the time which results at last
in stopping the operation in the tunnel in the year 1866 and in replacing the rail-
way transport onto the newly built up track situated at grade but with worse gra-
dient conditions, especially with a steeper gradient towards Rudoltice.

When arranging the single-track operation during the years of the first repub-
lic, it was decided to use the tunnel for the single-track operation in the direction
from Rudoitice, and the at grade track for the opposite direction. In this way it
would be possible to eliminate the inconvenient climbing of this track. But the tun-
nel was at that time mostly broken and its both portals were destroyed. That is
why the reconstruction, which was completed in the year 1932, was performed
with great difficulties. The lining of the single-track tunnel was built in a larger pro-
file of the previously double-track tunnel in its relatively intact parts. In sections
with a deformed original lining, it was necessary for the old lining to be removed
in many places. The new lining was made of blocks of Frydberg granite (pluton
in Rychleby mountains) considered as one of the best stone materials. In spite
of this fact, it was necessary, after about 20 years of operation, to perform a
reconstruction of the vault in a part of the tunnel, viz. by inserting rolled steel pro-
files grouted with concrete.

The muck from the tunnel and the portals was disposed just over the tunnel
and near edges of the approach cuttings in the western part (up to the road I/14
passing over the tunnel in the transversal direction, approximately in the middie
of its length), in a layer being about 2 m thick, in the eastern part in a thinner lay-
er covering not the whole determined area.

The investigation for the tunnel reconstruction was performed in two stages.
The preliminary investigation, carried out by SGS Praha in the year 1996 was
directed to obtain general information concerning the massif, its basic characte-
ristics and characteristics of fillings of the previous tunnel chimneys. In this sta-
ge there were performed four boreholes situated on the surface (outside the tun-
nel space), sampling of soils and laboratory tests.

The second stage was represented by a detailed investigation which was rea-
lized by GEOtest Brno, a. s., within the years 1997 and 1998. lts task was fo find
out the real dimensions of the existing tunnel lining, including the invert, the mac-
roscopic description of the structure composition of the existing tunnel lining, to
find out the state of the rock massif in the nearest neighbourhood behind the
existing tunnel lining, to determine deformation characteristics and strength one
of soils behind supports and vaults of the tunnel and to determine the aggressi-
vily of the underground water with respect to building materials. For this reason
there were made, inside the tunnel, 64 small-profile cored bore holes, dia 56 mm,
into the lining, of the length 2 to 4.7 m (in dependence upon the total thickness
of the lining) arranged in 9 fans and 8 cored boreholes of dia 137 to 178 mm into
the tunnel floor, up to 10 m long. From the bores there were taken both soil sam-

ZAVISLOSvT PRIROZENE VLHKOSTI w, POROVITOSTI n
A STUPNE NASYCENI S, NA STUPNI KONZISTENCE lg

Dependente of natural moisture w, porosity n
and saturation degree Sr upon the consistency index lc

N
Q

[=]
o

x©
[=]

S
o

o
-—.——.—.—T-n
+ W W,
1,00 1,02 1,04 1,06 1,08 1,10 1,12 1,14

5 STUPEN KONZISTENCE |,
Consistency index 1,

STUPEN NASYCEN( %]
and saturation degree Sr[%]
D
=3

——pNatural moisture w, porosity n
N
o
&

0
0,92 0,94 0,96 0,98

PRIROZENA VLHKOST w POROVITOST n

OBR. 3
Fig. 3




41 7. ROCNIK, ¢. 4/98

Tunel

piskil vyskytujicich se hloubéji v podioZi tunelové trouby, jez citovana norma
zarazuje do tiid S4 a S5 a oznaduje symboly SM a SC.

Z jilovitych zemin bylo zkougeno nejvétsi mnozstvi vzorku jill s velmi vysokou
plasticitou — tfidy F8 symbolu CV. Druhymi nejpocetnéji zastoupenymi byly jily
s vysokou plasticitou — F8 CH. Méné bylo zkouseno vzorkd jill s extrémné vyso-
kou plasticitou F8 CE a jili s nizkou plasticitou F6 CI.

Statistické vyhodnoceni vysledkd zkousek jilt ukazalo rozdily v obsahu vody
v zemindch odebiranych z jednotlivych zén v okoli tunelové trouby s rliznou
napjatosti. Nejlepsim ukazatelem v tomto piipadé je stupefi konzistence praktic-
ky nezavisly na plasticité zemin. Na konzistenci jsou pak zavislé i dalsi fyzikalni
a mechanické vlastnosti.

Uvedené zavislosti ukazuji grafy na obr. 2-5, do nichZ jsou zakresleny body
predstavujici hodnoty naméfené na neporusenych vzorcich a dale regresni pfim-
ky charakterizuijici teoretické linedrni zavislosti srovnavanych velicin.

Na obr. 2 jsou znazornény objemové hmotnosti zeminy v pfirozeném ulozeni
p a po vysuseni pd v zavislosti na stupni konzistence Ic. | pfes pomémé velky
rozptyl naméfenych hodnot Ize vysledovat uritou linedmi zavislost, ktery je
vyrazngjsi u objemové hmotnosti susiny pd. Obdobné zavislosti pirozené vih-
kosti w, pérovitosti n a stupné nasyceni Sr na stupni konzistence ukazuje obr. 3.
Ptimka teoretické zavislosti pdrovitosti na stupni konzistence nenf regresni pfim-
kou pfimo naméfenych hodnot, ale je stanovend z teoretické zavislosti objemo-
vé hmotnosti sudiny a primémé hodnoty hustoty pevnych &astic ps, kterd na
stupni konzistence je nezavisla.

Z mechanickych vlastnosti se na stupni konzistence ukézaly zévislé totalni
smykova pevnost a oedometrické moduly pietvarnosti. Oba parametry smykove
pevnosti — soudrznost cu a Ghel vnitiniho teni eu se s rostoucim Ic zvétuji, pfi-
¢emz narist soudrznosti je vyraznéjsi (obr. 4).

Oedometrické moduly pfetvarnosti byly vzhledem k jejich zavislosti na napja-
tosti zjidtovany ve ¢tyfech oborech normalného napéti: 0,05-0,1 MPa,
0,1-0,2 MPa, 0,2-0,4 MPa a 0,4-0,6 MPa. Cary teoretickych hodnot zavislosti
modull na stupni konzistence byly pro jednotlivé obory napéti stanoveny jako
regresni pfimky pfevracenych hodnot namétenych modulll v oedometru. V gra-
fu na obr. 5 maji proto tyto &ary hyperbolicky tvar patry zejména u hodnot modu-
16 v oborech nejnizsich a nejvyssich napéti, kde uvedend zavislost je vyznamna.

Na zakladé popsanych zavislosti byly stanoveny hodnoty fyzikalnich a mecha-
nickych vlastnosti, pouzitelné pro geotechnické vypoéty pro jednotlivé zény v oko-
Ii tunelové trouby, jejichZ vymezeni znazorfiuje obr. 6. Hodnoty geotechnickych
vlastnosti pfislu$né jednotlivym zéndm jsou sestaveny do tabulek 1 a 2.

Zéna | pfedstavuje pasmo odlehéeni nad klenbou tunelu charakterizované
stupném konzistence Ic = 0,94. Tomuto stupni konzistence odpovidaji nejméné
pfiznivé uvadéné hodnoty geotechnickych viastnosti uvadéné v tabulkéch.

Obdobné pasmo odlehéeni existuje i pod spodni klenbou tunelu — zéna IV.
Diky realizaci 10 m hiubokych vriU v této oblasti bylo mozno ji rozdélit do diléich
z6n (oznadenych IV a az IV e) s postupnym naristem stupné konzistence vlivem
zvy$ovan( napéti viastni tihou a tim ke zlep8ovéni vlastnosti.

Zvyden( napéti v zéné Il v bocich za opérami a zejména v pasmu koncentra-
ce napéti pod jejich zaklady (zéna Ill) se rovnéz projevuje mimym zlepdenim
vlastnosti, nebot toto zvy$eni zplisobuje, Ze jily majici konzistenci plvodné tuhou
ji méni na pevnou (Ic = 1 v zéné Il Ic = 1,05 v zéné Ill).

Pro masiv jilit nedotéeny zmeénami napjatosti v okoli tunelové trouby v Grovni
jejiho stfedu byl na zakladé zkou$ek stanoven stuperi konzistence lc =
0,98-0,99, kterému odpovidaji hodnoty fyzikdlnich a mechanickych viastnosti
zény IV a.

Zkousky jilt ukdzaly jejich objemovou nestdlost pfi ménicim se obsahu vody.
Jily jsou bobtnavé — u zemin tfidy F8 byla naméfena bobtnavost hodnotami

ZAVISLOST PARAMETRU SMYKOVE PEVNOSTI ¢;, ¢, NA STUPNI KONZISTENCE I,
Dependence of shear strength parameters ¢, ¢, upon the consistency index I
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ples behind the lining and even samples of the proper lining material. There was
also performed a sampling of underground water by means of its taking from
bore holes and even from places of its concentrated discharge.

The taken samples of soils were subject to tests and analyses in the
Laboratory for soil mechanics of the joint-stock company GEOtest Brno. The tes-
ted soils were represented above all by cohesive soils, surrounding the lining of
the tunnel tube — clays mostly of the class F 8, exceptionally F 6 (in the tenor of
the standard CSN 73 1001 Subsoil under shallow foundations). The minimum of
samples represented by isolated inserts of loamy up to clayey sands taking pla-
ce deeper in the subsoil of the tunnel tube, which are classified by the cited stan-
dard into classes S4 and S5, and indicated by symbols SM and SC.

As to clayey soils, there was tested a majority of samples having a very high
plasticity — class F8, symbol CV. The next very numerous samples were clays
having a very high plasticity ~ F8 CH. Less samples of clays with an extremely
high plasticity F8 CE and clays with a low plasticity F6 Cl were tested.

The statistic evaluation of clay test results showed differences of the water
content in soils taken from individual zones surrounding the tunnel tube with a
various strength. The consistency degree, in fact independent upon the soil plas-
ticity, is the best indicator in that case. Even further physical and mechanical pro-
perties are dependent upon the consistency.

The said dependences are shown by the graphs on Figs. 2 to 5, in which the-
re are drawn points representing values measured on intact samples, and also
regressive straight lines characterizing theoretical linear dependences of the
compared quantities.

On Fig. 2 there are shown bulk density of the soil in a natural position p, and
after drying pd, in dependence upon the consistency index lc. In spite of a rela-
tively large differences as to the measured values, a linear dependence can be
followed which is more significant as to the volume weight of the dry material pd.
Analogous dependences of the natural moisture w, porosity n, and saturation
degree Sr upon the consistency index, are shown on Fig. 3. The straight line of
the theoretical dependence of porosity upon the consistency index is not a
regressive straight line of directly measured values, but it is determined from the
theoretical dependence of the dry material bulk density and the average value of
the density of solid particles ps which is independent upon the consistency index.

As 1o mechanical properties, on the consistency index, there appeared as
dependent the following factors: total shearing strength and oedometric moduli
of deformation. Both parameters of shearing strength, viz. cohesion cu and ang-
le of internal friction u, are increasing with the increasing Ic, and the cohesion
increase is more significant (Fig. 4).

QOedometric moduli of deformation have been found out, with respect to their
dependence upon strength, in four steps of normal stress: 0.05 to 0.1 MPa, 0.1
to 0.2 MPa, 0.2 to 0.4 MPa and 0.4 to 0.6 MPa. Lines of theoretical dependence
values of moduli upon the consistency index have been determined for individu-
al steps of stress as regress straight lines of reciprocal values having been mea-
sured in an oedometer. That is why in the graph showed on Fig. 5, said lines
have a hyperbolical form, apparent especially as to moduli corresponded to the
lowest and highest stress, where the mentioned dependence is important.

On the basis of described dependences there were determined values of phy-
sical and mechanical properties, applicable for geotechnical calculations for indj-
vidual zones in the neighbourhood of the tunnel tube, the definition of which is
shown on Fig. 6. Values of geotechnical properties of individual zones are arran-
ged in tables 1 and 2.

The zone | represents the relief zone over the tunnel vault characterized by
the consistency index Ic = 0.94. The least favourable values of geotechnical pro-
perties mentioned in the tables correspond with the said consistency index.
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8,5-17,3 %, u zemin tfidy F6 hodnotou 5,9 %. Na dvou vzorcich reprezentujicich
tfidu F8 byla stanovena informativné smrstitelnost — 12,5 % a 15 %.

Z daldich popisnych vlastnosti byly zjistovany obsah uhli¢itanti (naméfen
v mnozstvi 6,7-16,1 %) a obsah organickych latek stanovenim vahovych ztrat
zihénim. Jily obsahuje organické Iatky v mnozstvi zpravidla 2,1-3,1 %, pouze
u dvou vzorkl byl naméfen obsah vy$si 4,3 a 5,2 %.

Zjisténé geotechnické vlastnosti ukdzaly vySetfované jily jako horninu velmi
nepfiznivou pro razbu podzemnich d&l. Pravé tyto nepfiznivé vlastnosti byly pfi-
¢inou zminénych poruch a tézkosti pfi vystavbé tunelu a jeho rekonstrukcich,
Vilacovani jili do vyrubu a zatlatovani opér do podioZi, jez mély za nésledek vys-
kové posuny celé trouby a vznik propadlin na povrchu, zpUsobila pfedevsim
malé smykova pevnost neschopnd vzdorovat relativné velkym napétim od viast-
ni tihy nadloZi plsobicim na osténi. Ke zvy$ovani tlakt na vystroj tunelu i vtlato-
vani jill do volného prostoru pfispéla nemalou mirou dal$i nepfizniva vlastnost
jild — bobtnani po jejich vystaveni vzdudné vihkosti. Na vtlaGovani jila do vyrubu
se podilely i organické pfimési zakonzervované v masivu jili tlakem nadloznich
vrstev — po jejich odkryti se vystavili uginkiim vzdusného kysliku, jenZ podnitil
hnilobné procesy doprovazené dal$im zvétSovanim objemu jilti vyvinem plynd.

Propadiiny (podle archivnich materiald jich mélo byt 7) nejsou dnes na povr-
chu patrné — byly vyplnény vytéZzenym materialem z rekonstruovaného tunelu.
Podrobnym prizkumem byl ovéfen material propadlin vnikly do prostoru tunelu
pouze v jednom misté, a to v profilu v km 7,545, V tomto misté byl zjistén za osté-
nim material riznorody — pfevazné hlinitého charakteru s obsahem kamend.
Kromé toho na zakladé priizkumu Ize usuzovat na existence propadlin v mistech
charakterizovanych profily v km 7,680 a v km 7,793 projevujicich se deformace-
mi ptivodni obezdivky. V t&chto mistech vSak za osténim byly navrtany pGvodni
neogenni jily, avSak pfemisténé z nadlozi.

Vlastni tunelov trouba prochazi kromé piiportalovych Useku a mist propadiin
masivem jild, jejichz konzistence je tuha az mékka a méni se v jejim okoli. Z hle-
diska razby jily pfedstavuii silné tlacivé horniny Ill. stupné raznosti, jeZ jsou pod-
le Protodjakonova zafazovany do tfidy VI s koeficientem pevnosti fp = 1. Podie
Terzaghiho témto jilim nalezi souginitel ¢, T v mezich 1,1 az 2,1. V propadlinach
a v Useku navazujicim na vjezdovy portal bylo na zakladé prazkumu doporuce-
no uvazovat snizeni hodnot uvedenych soucinitell — fp = 0,6 a ¢'T = 1,1
a v navazkach, jimiz prochazel usek u vyjezdového portalu, neuvazovat vibec
s vytvofenim horninové klenby a osténi dimenzovat na pinou vysku nadlozi.

Osténi stavajiciho tunelu je tvofeno dvéma zakladnimi typy materidld.
Obezdivka plvodniho dvoukolejného tunelu byla vybudovana z piskovcovych

ZONY JILOVEHO MASIVU V OKOLI TUNELOVE TROUBY
Zones of the clay massif in the surroundings of the tunnel tube
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An analogous zone of relief exists even under the invert of the tunnel — the
zone IV. With respect to the realization of 10 m deep bores in this area, it was
possible fo divide it into partial zones (marked as IVa to IVe) with a gradual inc-
rease of the consistency index due to increasing the stress by the proper weight,
an in this way to improve the properties.

The stress increase in the zone II, in sides behind the roof arch supports, and
especially in the zone of the stress concentration under their foundations (the
zone Ill) is also characterized by a slight improvement of properties, becatse
said increase causes that clays, the original consistency of which was originally
stiff, transformed it to firm one (lc = 1 in the zone Il, Ic = 1.05 in the zone Ill).

For the massif of clays, unaffected by changes of the state of stress near the
tunnel tube, in the level of its centre, there was determined, on the basis of tes-
ts, the consistency index Ic = 0.98 to 0.99, which values of physical and mecha-
nical properties of the zone IVa correspond to.

Testis of clays proved their volume unsteadiness at a variable water content.
Clays are swellable — as to soils of the class F8 there was measured the swel-
ling ability of values 8.5 to 17.3 %, as to soils of the class F6 it was the value
5.9 %. As to two samples representing the class F8, the shrinkage ability was
determined, informaltively, to 12.5 % and 15 %.

As to other descriptive properties there were found out: content of carbonates
(measured in the quantity of 6.7 to 16.1 %) and the content of organic substan-
ces by determining weight losses caused by annealing. Clays comprise organic
substances usually in the quantity of 2.1 to 3.1 %, only in two samples there was
measured a higher content, viz. 4.3 and 5.2 %.

The found out geotechnical properties showed the respective clays as a rock
very inconvenient for driving underground works. Just said inconvenient proper-
ties were the cause of the mentioned defects and difficulties when excavating the
tunnel and when reconstructing it. A pressing of clays into the stope and of sin-
king of vault supports into the subsoil, which caused vertical movement of the
whole tube and the slumping of the surface, were caused, above all, by a low
shearing strength, unable to resist the relatively high stress caused by the pro-
per weight of the overburden affecting the lining. The increase of pressures on
the tunnel support, as well as the pressing of clays into a free space, was also
caused in a considerable extent by another inconvenient property of clays — the-
ir swelling after they have been exposed to humidity. A pressing of clays into the
stope was also caused by organic admixtures conserved in the massif of clays
by the pressure of overburden layers; after having been uncovered, they were
exposed to effects of air oxygen which instigated decay processes accompanied
with a further volume increase of clays by developing gases.

Slumps (according to archive materials there were to be 7) are not apparent
today on the ground — they were filled with muck from the reconstructed tunnel.
The detailed investigation verified material of slumps penetrated into the tunnel
space only in one place, viz. in the profile of km 7.545. In this place there was
found, behind the lining, varied material — mostly of an loamy character, with a
stone content, Besides that, on the basis of an investigation, one may consider
that there exist slumps in places characterized by profiles in km 7.680 and
km 7.793, shown by deformations of the original lining. In said places, though,
behind the lining, there were bored original neogennous clays, but transferred
from the overburden.

The proper tunnel tube passes, besides sections near tunnel mouths and
slump places, through the massif of clays, the consistency of which is stiff up to
soft and it varies in its neighbourhood. With respect to driving operations, clays
squeezing represent very sqeezing rocks of the llird excavation class, which are
classified, according to Protodjakonov, in the class VI, with the strength coeffici-
ent fp = 1. Pursuant to Terzaghi, said clays are of the coefficient ¢, T within the
limits 1.1 to 2.1. In slumps and in the section linking up to the mouths of the tun-
nel, it was recommended on the basis of an investigation, to consider a value
decrease of mentioned coefficients — fp = 0.6 and CT = 1.1, and in made-up
grounds, through which the section near the exit portal passed, not to take into
consideration any forming of a rock arch, and to design dimensions of the lining
fo the full height of the overburden.

The lining of the existing tunnel is formed by two fundamental types of mate-
tial. The lining of the original double-track tunnel was made of sandstone blocks,
and its back part was made in some places in blocks of siltstones. Free spaces
of overbreakings, in which in some profiles there were found even remainders of
a provisional wooden support, were also filled with siltstones.

The original lining, though, was underdimensioned and it was not able to resist
to considerable pressures which caused its deformation and even its complete
destruction in many places. During the reconstruction there was made a new
lining of the single-track tunnel, viz. made of granite block masonry, inserted in
the free space of the double-track tunnel, after the deformed and broken secti-
ons have been stabilized. Pursuant to the handed over documentation, the sha-
pe of the new lining should correspond with the types 10b, 13a, 14a, 15 and 15a
of railway standards, and in two sections, the lining was afterwards rescued by
means of reinforced concrete. Thicknesses of individual lining shells were found
out by means of core bores arranged in a fan shape, and on the basis of results
of said investigation there were drawn approximate shapes and composition of
the existing tunnel support. The existing tunnel lining character is shown by
means of four typical profiles on Fig. 7, illustrating a various lining composition:
In the profile TR-6 in km 7.740, the sandstone lining of the double-track tunnel
was kept and the new granite lining, after the reconstruction to a single-track tun-
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GEOTECHNICKE VLASTNOSTI JiLU
HODNOTY NEZAVISLE NA KONZISTENCI

GEOTECHNICAL PROPERTIES OF CLAY
VALUES INDEPENDENT UPON CONSISTENCY

Tunel

Tabulka €. 1
Table No. 1
Trida zeminy F6 F8
Soil class
Mez tekutosti W, ‘ % 48,9 69,1
Liquid fimit - |
Cislo plasticity I | % 27,5 44,0
Plasticity index o
Hustota pevnych éastic Ps kg.m? 2721 2753
Density of solids
Smrétitelnost W, % - 14,0
~ Shrinkage !
Bobtnavost . b % 59 11,2
Swelling ability - 5
Stupen konzistence | k 1 0,85 0,94-1,05
Consistency index | N
Efektivn soudrznost Cof kPa 15 21,4
Effective cohesion I
Efektivni Ghel vnitfniho teni | o 28 17,4
Effective angle of internal friction | - |
Rezidualni soudrznost C, kPa 10 14,4
Residual cohesion |
Rezidualni thel vnitfniho treti o8 12 9,7
Residual angle of internal friction |
Poissonovo &islo v 1 0,40 | 0,42
Poisson’s ratio | | |
GEOTECHNICKE VLASTNOSTI JILU
Tabulka €. 2
Table No. 2
| E,.q v Oboru napéti {(MPa)
Thida | 2Zéna E,.q in the streess extent (MPa)
Class | zone | I | w | p | p | N s, & | o | 08501 0102 0204 | 04-08
| 1 | % kg.m® | kam® | % % kPa ° | MPa MPa | MPa | MPa
1 | 094 | 265 | 1993 | 1575 | 428 9% 89 9,9 36 | 54 | 85 138
| | 100 | 249 | 2004 | 1606 417 95 87 | 118 40 | 54 | 85 | 151
| m | 105 | 235 | 2014 | 1632 407 | 93 86 | 133 4,6 5,4 85 | 165
F& | Iva 098 | 254 | 2001 | 1596 420 | 9 | 88 12 | 39 54 | 85 | 146
CHCV | ivb | 100 | 249 | 2004 | 1606 47 | 95 | 87 1,8 | 41 5,4 85 | 151
| ive | 102 243 | 2008 | 1617 | 413 | 94 87 12,4 43 5,4 85 | 156
Ivd __ 1,03 24,1 | 2010 1622 41,1 94 86 12,7 4,4 54 85 | 159
| Ve | 1,04 23,8 2012 1627 40,9 94 86 13,3 4,5 54 8,5 16,2
F6 Cl [ 085 25,5 2039 1625 | 40,3 100 124 | 58 4,3 6,2 8,8 15,1
S 1 | | |
le - stupen konzistence I, — consistency index
W - pfirozena vihkost w  — natural moisture
p - objemova hmotnost v pfirozeném ulozeni p  — bulk density in original order
ps  — objemova hmotnost vysusené zeminy pg  — bulk density of dry material
n - pdrovitost n - porosity
S, - stupen nasyceni s,  — saturation degree
¢, - totalni soudrznost ¢, - total cohesion
9, ~ totaIni Ghel vnitiniho tfeni ®, - total angle of internal friction

Eyeq — 0edometricky modul pretvarnosti

E,.q — oedometric modulus of deformation
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Tunel

kvadri, pfiéemzZ jeji rubovou ¢ast misty tvofily bloky prachoved. Prachovci byly
rovnéz vypliiovany volné prostory nadvylomd, v nichz byly v nékterych profilech
shledany i zbytky dievéné provizomi vystroje.

Pivodni obezdivka vSak byla poddimenzovana a nebyla schopna vzdorovat
znacnym tlaklm, které zplsobily na mnoha mistech jeji deformaci i Uplnou
destrukci. Pfi rekonstrukci byla vytvofena nova obezdivka jednokolejného tune-
lu ze Zulového kvadrového zdiva vloZzenim do volného prostoru dvoukolejného
tunelu po zméhani deformovanych a zavalenych Usekl. Podle pfedanych pod-
kladt mél tvar nové obezdivky odpovidat typlm 10b, 13a, 14a, 15 a 15a Zelez-
ni¢nich normdlii, pficemz ve dvou Usecich byla pozdéji obezdivka sanovana zele-
zobetonem. Jadrovymi vrty véjifovité usporadanymi byly zjistovany tloustky jed-
notlivych vrstev osténi a na zakladé vysledki této sondaze byly vykresleny pfi-
blizné tvary a skladba sougasné vystroje tunelu. Soucasny charakter obezdivky
tunelu znazorfuji Ctyfi typické profily v obr. 7 ukazujici rizné slozeni osténi:
V profilu TR-6 v km 7,740 bylo piskovcové osténi dvoukolejného tunelu zacho-
vano a nova zulova obezdivka byla pfi rekonstrukei na tunel jednokolejny do néj
symetricky vlozena, pouze byla kompletné vyménéna spodni klenba. Naproti
tomu v profilu TR-3 v km 7,545 (nachazejici se v prostoru jedné z propadlin) byla
plvodni obezdivka zfejmé tak zdeformovana, ze ji bylo nutno témef celou nahra-
dit obezdivkou novou. V profilu TR-4 v km 7,620 bylo vyménéno zdivo opér patr-

SKLADBA TUNELOVEHO OSTENI
Tunnel lining structure
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OBR. 7

nel, was inserted in it symmetrically, only the invert was completely replaced. In
contrary to it, in the profile TR-3 in km 7.545 (taking place in the space on one of
the slumps), the original lining was evidently deformed in such an extent that it
was necessary to replace it, nearly all, by a new one. In the profile TR-4 in
km 7.620, the masonry was replaced probably because of damaging its sand-
stone material by weathering and smoke gases of steam locomotives, but the ori-
ginal vault was kept — it was only supported by means of the inserted granite
lining. The profile TR-2 in km 7.490, is characterized by the section, in which,
during the additional reconstruction in the fifties, the internal granite lining was
replaced by concrete, reinforced with steel girders.

As the tunnel bore holes, arranged in a fan shape, showed, the lining in the
top of the vault has the total thickness 1.2 to 2 m, of which the granite masonry
represents mostly 0.8 to 0.9 m, in some places even 1.4 m, above all in the top
of the vault (formed by blocks of said thickness!). In some profiles, behind the ori-
ginal sandstone lining, there were found siltstones up to the distance of 2.5 m
from the mouth of the tunnel, filling, likely originally free spaces of overbreaking,
eventually spaces arisen after the tunnel vault collaps. In two profiles even free
spaces were found out by means of boring behind the lining. In most profiles the-
re were found remainders of the original provisional wooden support by the
bores.

PROFIL TR-6
km 7,740
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né z divodu naruseni jeho piskovcového materidlu zvétravanim za pfispéni kou-
fovych plynii parnich lokomotiv, avéak piivodni klenba zlistala zachovana - byla
jen podepiena vlozenou zulovou obezdivkou. Profil TR-2 v km 7,490 charakteri-
zuje Usek, v némz pii dodatecné rekonstrukei v padesatych letech bylo vnitfni
zulové osténi nahrazeno betonem vyztuzenym véicovanymi ocelovymi nosniky.

Jak ukazaly véjifovité uspofadané vrty v tunelu, osténi v klenb& ma celkovou
tloustku 1,2-2 m, z &ehoz na Zulové zdivo pfipada vétsinou 0,8-0,9 m, misty
i 1,4 m, pfedev&im v zaklenku (tvofené bloky této tloustky!). V nékterych profi-
lech navic za plvodni piskovcovou obezdivkou byly zjistény prachovce az do
vzdélenosti 2,5 m od lice tunelu vyplfiujici pravdépodobné plvodné volné pro-
story nadvylomd, pfipadné prostory vzniklé po zavaleni tunelu. Ve dvou profilech
byly za obezdivkou navrtany i volné prostory. Ve v&tsiné profilll byly vrty zastize-
ny zbytky puvodm dievéné provizorni vystroje.

Tunel ma v celé své délce vybudovéanu spodni klenbu, a to vétsinou Zulovou
nebo betonovou, pfipadné kombinovanou z obou materiald. V jednom profilu
byla zjisténa pouze plvodni klenba piskovcova. Nejvyssi Uroveri rubu vrcholu
spodni klenby byla zastizena v profilu v hloubce 1,2 m pod niveletou koleje, nej-
hlub$i v hloubce 2,9 m. V horni &asti spodni klenby je vynechan volny prostor
odvodiiovaciho kanalu, jenz je funkéni a odvadi vodu smérem k vyjezdovému
portalu.

Laboratorni zkousky vzorkl odebranych z osténi ukdzaly znacné rozdlly
v jakosti obou typt konstrukénich materidld. Kvadrové zdivo vnitfni novéjsi obe-
zdivky je budovane z velmi pevného materialu odolného proti povetrnostnlm vli-
vam, vnéjsi zdivo pavodnihe tunelu tvofené p|skov<:| je velmi naruseno, takze
jeho pevnost je Fadové niZdi nez pevnost Zul nové obezdivky.

Soucasnym tunelovym osténim proniké do prostoru tunelu na nékolika mis-
tech voda. Celkem bylo dokumentovano 19 Gsek( zavodnéni. Nejvyznamnéjsi
zavodnéni bylo zji§téno v tseku ve stanideni km 7,690-7,727. Usek je charakte-
rizovén stupném zavodngni 4 —voda ze stropu a stén intenzivné vytéka v sou-
sifedénych vytocich a tvoii i souvislé vodni provazce. K intenzité zavodnéni
v tomto Useku piispiva i existence kanalizace zjisténé v 10 m hluboké betonové
$achté nachazejici se na povrchu v blizkosti tunelové trouby, pfiblizné ve stani-
éeni km 7,700. Do Sachty je pfivadéna kanaly rovnobéZné s osou tunelu, a to
z obou stran (pravdépodobné i z prostoru byvalého hlinisté, pozdéji vyuziteho
jako skladka odpadti cca 100 m jizné od vychodni ¢4sti tunelu) a odvadéna pra-
vé do nadlozi mista s nejvétsimi prisaky. Stejnym stupném zavodnéni jsou cha-
rakterizovany Useky km 7,565-7,575, km 7,598-7,603, km 7,613-7,630,
km 7,770-7,792, km 7,828-7,838 a km 7,855-7,863.

Podle chemického rozboru je voda slabé agresivni na stavebni material pfe-
devaim zvySenym obsahem Utoného oxidu uhlicitého, pficemz na jednom vzor-
ku byla zji§téna i slaba siranova agreswlta Pro betonové konstrukce vystavené
ginku podzemni vody postadi primarni ochrana — pfi pfipravé betonu pouZiti
odolnych druhil cementu.

Vysledky podrobného i piedchoziho predbézného prizkumu ukazuji Ze geo-
Ioglcke a geotechnlcke podmmky jsou z hiediska pnpravouane rekonstrukce
znaéné nepfiznivé, co jiz ukdzaly obtiZe pfi vystavbé tunelu i jeho dosavadnich
rekonstrukcich. Masiv vysoce plastickych neogennich jili pfedstavuje silné tlaci-
vé prostiedi vyZaduijici nejsilngjsi tlakové typy vystroje tunelové trouby a zvlastni
technologlcke postupy vystavby tunelu. Hydrogeologické problematlka rekon-
strukce pres uréité zavodnéni soucasného tunelu ve srovnani s geotechnickymi
problémy se jevi méné vyznamna.

Vzhledem k tomu, Ze cilem rekonstrukce je predevsim zvétSeni prijezdného
profilu, dalsi nepnznlvou skute&nosti je existence osténi soué¢asneho tunelu
predstavuum znaénou kubaturu odli§né rozpojiteiného materialu v jilovém pro-
stiedi, coz omezi pouziti technologii aplikovanych pro novostavby v obdobném
prostfedi. Proto navrhované postupy zvétsovani prijezdného profilu musi s tou-
to skutecnosti pocitat.

Celkové Ize fici, Ze rekonstrukce tunelu ve stavajici trase bude velmi obtizna,
af' se bude provadet razenim nebo hloubenim z povrchu diky popisovanym geo-
logickych pomériim. Pfiznivéjsi poméry pro razbu by mohl poskytnout viasini
Hrebecovsky hfeben budovany pevnéjsimi kfidovymi horninami, které Ize nejbli-
e zastihnout severné od tunelu ve vzdalenostech 200-300 m. Pfemisténi trasy
eleznice do téchto mist by si véak vyZadalo prodlouzeni tunelu na pfiblizné dvoj-
nasobnou délku.
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In the whole length of the tunnel there was built up an invert, mostly made of
granite or concrete, eventually combined of both materials. In one profile there
was found out only the original sandstone vault. The highest level of the reverse
side of the invert top was found out in the depth of 1.2 m under the level line of
the rail, the deepest one in the depth of 2.9 m. In the upper part of the invert, the-
re is made a draining channel which is in function and drains water to the exit
mooth.

Laboratory tests of samples, taken from the lining, showed considerable qua-
lity differences of both types of construction materials. Ashlar masonry of the
inner newer lining has been built of a very firm material, resistant against weat-
her influences, the external masonry of the original tunnel made of sandstone is
very eroded, so that its strength is lower by an order than the strength of granite
of the the new lining.

Water penetrates in the tunnel space through the existing tunnel lining in seve-
ral places. Altogether 19 sections of water penetration have been documented.
The most important water penetration was found out in chainage of km 7.690 to
7. 727. The section is characterized by the water penetration degree 4 — water
flows out intensively out of the roof and walls in concentrated outlets and forms
continuous water trickles. The intensity of water penetration in this section is also
affected by the existence of sewerage found out in a 10 m deep concrete shaft,
taking place on the surface, near the tunnel tube, approximately in the chainage
km 7.700. Water into the shaft, is delivered by means of channels parallel to the
axis of the tunnel and taken away just into the overburden of the place with the
most intensive water penetration, viz. from both sides (Probably even from the
space of the previous loam pit, afterwards utilized as a spoil heap, about 100 m
south of the eastern part of the tunnel) and directed just to the overburden at the
location with the most intensive water penetration. With the same degree of
penetration there are characterized sections of km 7.565 to 7.575, km 7.598 to
7.603, km 7.613 to 7.630, km 7.770 to 7.793, km 7.828 to 7.838 and km 7.855
fo 7.863.

According to the chemical analysis, water is slightly aggressive as to the buil-
ding material, above all by the increased volume of the aggressive carbon dioxi-
de, and in one sample there was found out even a slight sulphate aggressivity.
For concrete structures exposed to effects of underground water, a primary pro-
tection will be sufficient — when preparing concrete, resistant sorts of cement
must be applied.

Results of a detailed and previous preliminary research show that geotechni-
cal conditions are considerably inconvenient with respect to the prepared recon-
struction which has been already proved by troubles arisen during the construc-
tion of the tunnel and its hitherto performed reconstructions. The massif of very
plastic neogennous clays represent very squeezing surroundings requiring the
most strong pressure bearing types of the tunnel tube support and special tech-
nological processes of the tunnel construction.

The hydrogeological problems of the reconstruction, in spite of a certain water
penetration into the existing tunnel, seem to be less important in comparison with
geotechnical problems.

With respect to the fact that the aim of the reconstruction resides above all in
enlarging the passage profile, there exists another unfavourable fact, viz. the hit-
herto existing tunnel lining representing a considerable cubature of a differently
disintegratable material in the clay surroundings which shall limit technologies
applicable for new buildings in an analogous surroundings. That is why the pro-
posed processes of enlarging of the traffic clearance must take into considerati-
on said fact.

Generally it may be said that the tunnel reconstruction in the existing route will
be very difficult, let it be performed by driving or excavating from the surface, due
to the described geological conditions. More advantageous conditions for driving
would be provided by the proper Hiebecov ridge consisting of more rigid creta-
ceous rocks, which can be found north of the tunnel in the distance of 200 to
300 m. The transfer of the railway alignement to these places would require the
extension of the tunnel to an about double length.
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TUNELARSKE OSOBNOSTI

TUNNELLING PERSONALITIES

CESKY TEXT CLANKU BYL UVEREJNEN V €. 3/98 TOHOTO CASOPISU

PROF. ING. FRANTISEK RZIHA
AUTHOR OF THE TUNNELLING ENGINEERING THEORY

Every engineering scientific discipline has its classic, who formed first theore-
tical foundations and arranged them in a coherent system ~ e.g. for the concre-
te engineering it was Josephe Monier. Professor Frantisek Rziha has an analo-
gous importance for the tunnel engineering, because he arranged its principles,
formed a recognized system of them and wrote down a textbook concerning this
problem. It was the first theoretical book about tunnels and tunnelling. When it
was republished in Germany on the occasion of the 100th anniversary of the
F. RZiha's death, F. Rziha emerged from the apparent chaolic history of the tun-
nel engineering as a generally recognized personality who deserved the itle of
the founder. He was the first who explained principles, according to which the
tunnelling workers control and overcome a rock massif when tunnelling. This
knowledge is especially pleasant for us, because he was a Czech native.

Fr. Rziha was born in 1831 in Lipové (Hainspach in German), a communily
located in Sluknov area in Bohemia. He studied the civil engineering discipline at
the polytechnical university (at that time it was not divided according to nations)
in Prague. He completed his study in the year 1851, in the age of 20 years, and
started his building practice, performed partiaily at tunnefling firms, partially as a
supervisor at tunnelling works. First he worked in the Austrian Alps at the buil-
ding up of the railway track over Semmering, and then at driving further Austrian
railway tunnels. With his increasing age and reputation, he was asked to take
part even in difficult new structures abroad, in Prussia, Westphalia and other
German states. He also performed activities as a building contractor. After the
year 1870, under his management, there were laid oul 500 km of new raifway
fracks in northern Bohemia and Saxony. In the year 1878 he was nominated pro-
fessor of railway engineering and tunnel one at the Technical University in
Vienna, where he was teaching very successfully for twenly years. We can beli-
eve the information of the Otto's Encyclopaedia, where it is stated that the
Rziha’s popularity among students was caused by the fact that ,his lectures were
interesting and his examinations indulgent”. So it has been very difficult for his
subsequent lecturers to keep such a high level at teaching this interesting dis-
cipline, viz. the underground engineering.

The RZiha's scientific method resided in systematic observations of mechani-
cal effects during tunnelling, analysis of applied measures and their effectivity,
and In the systematic classification. After his fifieen year practice as a building
contractor and inveslor of railway tunnefs, he published his knowledge and expe-
riences in the year 1687 (1st volume) and 1972 {2nd volume) in the "Textbook for
building tunnels”. Let us mention main problems being solved in i,

Classification of minerals for tunnelling:

The author solved the classification with respect to disintegration and worka-
bility which is the basis of present classification systems. He defined seven mine-
ral classes and provided each of them with a numerical index which corresponds
with the quaniity of work needed for disintegrating the volume unit (of course by
means of technology existing at that time). M. M. Protodjakonov, professor in
Jekatérinburg, studied at that time westem literature and promptly transformed
Rziha's indexes by means of rounding off to ,coefficients of strength according to
Protodjakonov”, which are even at present applied for siructural tunnel enginee-
ring.

Tunnel collapses or sinking:

Mr. Rziha looked for knowledge on correct and incorrect tunnelling by obser-
ving many collapses and sinkings which he could observe in the practice. He int-
roduced the classification of collapses with respect to reasons. This part of the
book was not overcome till the present time, because one’s own faults are rare-
ly documented publicly. The book is well illustrated and it should be example for
civil engineers who should utilize the opportunity to be present at the place of a
collapse for publishing direct knowledge.

Tunnels support:

At that time, tunnels were equipped with timberwork. Mr. R%iha declared that
itis necessary to remove from the tunnelling technology habits arisen during an
unrestrained development of mountain railway tracks, He tried to replace them
with scientificly based rules. He analyzed applied methods for making timber-
work and lo classify them. He compared Auslrian imberwork (at the Austrian
method which opens and secures the full tunnel profile), German method (app-
lying the core method) and Belgian method (at the upbolting tunnelling method).
He performed an analysis which resulted in favour of the Austrian timberwork. In
this way he started one hundred years lasting victorious attack of Austrian tun-
nelling methods from the then “old” Austrian Tunnelling Method up to the present
NATM.

Tunnel lining:

When observing defects during building up, Mr. Rziha laid down principles
which are valid till the present day. He found out that the lining was to be moun-
ted tightly and in an active way to the rock and that it was to form a closed struc-
ture and that the ring of the lining, after having opened the stope, had to be clo-
sed again within a short time by means of the invert.

Subsidences:

In the year 1980, Mr. RZiha was invited to present his opinion as to damages
concerning the housing over underground works in the coal field of Ostrava, In
his work, he formulated principles of the up-to-date solution of this problem. The
term ,angle of draw” has its origin just there.

Prof. Rziha was decorated many times for his merits. The Austrian emperor
granted him high decorations, the title Court Councillor. The kings of Prussia,
Saxony and Bavaria, promoted him to the knighthoed in the year 1883, That was
the reason of his noble predicate “Franz von Rziha". He died on June 22, 1897,
in Simmering and he has been buried in the cemetery Maria Schutz. The list of
his publications is mentioned in Bibl, 1,

Thearetical principles of our famous engineer are briefly and fruthfully expres-
sed in his own statement: , The skill of an engineer resides in his ability to be far
from any rock pressure, i.e. to prevent it from the rise, which is much greater skill
than to get through with any pressure already arisen.”

Bibl. 1. Maindl, B., Rziha, F.: Wegbereiter fiir den Ingenieurtunnelbau, Felsbau,
1997, No. 6.

Ing. Jifi Kazda, Czech Railways, Prague
Prot. Ing. Jifi Mencl, Slovak Technical University, Bratislava.
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ZPRAVY Z TUNELARSKYCH KONFERENCI ITA/AITES

NEWS FROM TUNNELLING CONFERENCES

MEZINARODNI KONFERENCE V SANKT PETERBURGU 8.-10. 9. 1998

INTERNATIONAL CONFERENCE IN SANKT PETERBURG, SEPTEMBER 8 TO 10, 1998

Tuto konferenci s nazvem ,,Podzemni mésto — geotechnologie a architektura,
uspofadala Ruska tunelaiskd asociace pod patronaci ITA/AITES a ISSMGE
(Mezinarodni spoieénost pro mechaniku zemin a geotechniku) za aktivni pedpo-
ry nejvyznamnéjsich ruskych spoleénosti a organizaci, zabyvajicich se touto pro-
blematikou, i samotného mésta Sankt Peterburg. Jeji vyznam a mezinarodni
charakter byl posilen zasedanim exekutivy ITA/AITES jakoz i Ucasti nékolika
vyznamnych zahranicnich firem a odbornikll. Nékteré firmy, jako napf.
LOVAT z Kanady, IMPREGILO a GEODATA z ltalie, NCC ze Svédska
a HERRENKNECHT ze SRN pfimo konferenci sponzorovaly a jejich zastupci se
aktivné zGcastnili jak jeji pfipravy tak vlastniho jednani.

V rdmci Ovodniho zasedani, které zahdjil ndméstek gubernatora Sankt
Peterburgu J. A. Antonov, pozdravil konferenci také prezident ITA/AITES
p. Alfred Haack. V bloku tzv. ,,plenérnich referatl" vystoupil s obsahlou informa-
ci generalni feditel Metrostavu ing. J. Hess, ktery jakozto viceprezident
Mezinarodni tunelafské asociace seznamil pfitomné s jeji strukturou, €innosti,
néplni a zaméfenim jejich pracovnich skupin i vyhledy do budoucna.

Jednani konference pak probéhlo ve ¢tyfech sekeich:

1. Podzemni mésto a koncepéni problémy jeho rozvoje (podtitul: vyuziti podze-
mi, architektonické a dispozi¢ni feseni, planovani investic) — 26 pfispévkd,
z toho 7 ze zahranici.

2, Podzemni mésto a geomechanika (podititul: zvlaStni problémy prizkumu
a projektovani, konstrukéni feseni) — 31 pfispévkd, z toho 4 zahranicni.

3. Podzemni mésto a geotechnologie (podtitul: stavebni postupy a zafizeni) — 29
pfispévkd, 5 ze zahraniéi.

4. Podzemni mésto a ekologie (podtitul: ochrana prostfedi, progndzy a monito-
ring) — 28 pifspévk(, z toho 1 ze zahranidi.

Trebaze pro predneseni referatll pofadatelé vyhradili vétsinu doby jednani
konference (celkem dva a pull dne, pficemz se zahajovalo v 9 a koncilo
v 18 hodin s hodinovou pfestavkou na obéd), nedostalo se na vSechny autory
a vétsiné referujicich musel byt omezovan ¢as vyhrazeny k pfednasce. Je tfeba
ocenit pfistup predsedajicich jednotlivych sekei, ktefi operativné reagovali na
pfednadené téma i na zajem publika, takze ty nejzajimavéjsi problémy bylo moz-
no prezentovat v pottebném rozsahu a podrobnostech. Ceska republika byla —
vedle jiz zmin&ného hlavniho referatu ing. J. Hesse — zastoupena jednim pifs-
pévkem v 1. sekci (autofi Dvorak, Novotny, Romancov) a jednim pfispévkem ve
2. sekci (autofi Dvorak, Sochlrek). Oba pfispévky byly vybrany k pfedneseni
(nakonec byl vzhledem k ned¢asti autordl druhého pfednesen pouze prvni z nich,
prezentovany jako prispgvek CTuK), a Ize konstatovat, ze namétem i zpracova-
nim zaujaly jak védeckou radu konference, tak mnohé U¢astniky, ktefi o pfestav-
kach na tato témata diskutovali. Pfipadni zajemci se s nimi mohou seznamit
(jakoz i se vdemi ostatnimi pfispévky) ve sbomiku, ktery ma sekretariat CTuK
k dispozici.

Z velkého mnoZstvi dalsich pfednesenych referatl by bylo velice obtizné jme-
novat ty nejdlezitéjsi, jelikoz témér véechny se vyznacovaly zajimavosti namé-
tu, dobrou drovni odborného zpracovani i obrazového doprovodu. Autora této
informace véak zvlasté zaujal referat p. J. Andersona z Velké Britanie, ktery se
zabyval problematikou u nas difve nezndmou, ale nyni téZ velice aktualni, totiz
pravnimi spory souvisejicimi s piipravou a realizaci stavebnich projektl. Podle
jeho vyvoda jen v Anglii stoji tyto spory roéné pres 3,5 miliardy(!) liber terlinkd.
vislosti cituje Shakespeara: ,,The first thing we do, let’s kill all the lawyers, nebo-
li volng pielozeno , prvni vécl je pobit véechny pravniky". Bylo by zajimavé zjis-
téni, jak jsme v tomto sméru na tom my, ale je velmi pravdépodobné, Ze bychom
dospéli k obdobné smutnym zavérlim.

This conference, named ,Underground City — Geotechnology and
Architecture” was organized by the Russian Tunnelling Association under the
sponsorship of ITA/AITES and ISSMGE (International company for soil mecha-
nics and geoengineering) at an active support of the most important Russian
companies and establishments which occupy themselves with this problems, as
well as of the city Sankt Peterburg. lts importance and international character
was stressed by the session of the ITA/AITES executive, as well ass by the pre-
sence of several important firms and specialists. Some firms, such as LOVAT
from Canada IMPREGILO and GEODATA from ltaly, NCC from Sweden and
HERRENKNECHT from FRG provided a direct sponsorship of this conference,
and their representatives took an active participation both in its preparation and
in the proper proceedings.

Within the opening session, which was opened by the Vice-Governor of Sankt
Peterburg J. A. Antonov, also the president of ITA/AITES — Mr. Alfred Haack, gre-
eted the conference. In the block of so called “plenary statementis” there appea-
red, with a comprehensive information, the General Manager of METROSTAV
Ing. J. Hess, who, as the Vice-President of the International Tunnelling
Association, informed the audience with its structure, activities, work and tasks
of its Working Committees and with perspectives.

The proceedings of the conference was then realized in four section:

1" — Underground town and conception problems of its development (sub-title:
utilization of underground, architectonic and lay-out solution, investment plan-
ning) — 26 papers, 7 of them from abroad.

29 — Underground town and geomechanics (sub-title: special problems of rese-
arch and project, structural solution) — 31 papers, 4 of them from abroad.

3" — Underground town and geotechnology (sub-title: building processes and
equipment) — 29 papers, 5 of them from abroad.

4" — Underground town and ecology (sub-title: environment protection, progno-
ses and monitoring) — 28 papers, 1 of them from abroad.

In spite of the fact that for reading papers there was reserved most of the time
of the conference proceedings (altogether two and half days, the beginning was
at 9 a.m. and the end 6 p.m., with one hour break for lunch), not all authors could
read their papers at all, and most of them were limited as to time. Chairmen of
individual sections must be praized for their operative reactions to respective
subjects and to the audience interest, so that the most interesting problems could
be presented in the needed scope and details. The Czech Republic was — besi-
des the main report of Ing. J. Hess, represented with one paper in the 1st secti-
on (authors Dvordk, Novotny, Romancov) and one paper in the 2nd section (aut-
hors Dvorak, Sochtrek). Both papers were selected for reading (at last, becau-
se of the absence of authors of the second paper, there was read only the first
of them which was presented as the paper of the Czech Tunnelling Committee),
and it can be stated that its subject and kind of elaboration attracted attention
both of the Scientific Board and many of participants who discusses the subjects
during brakes. Eventual interested persons can get acquainted with them (as
well as with all other papers) in the transcriptions, which the secretariat of the
Czech Tunnelling Committee have at disposal.

A very high number of papers were read, and it would be very difficult to indi-
cate the most important, because nearly all were characterized by an interesting
subject, good level of professional elaboration and accompanying figures. The
author of this information, though, was especially interested in the paper of
Mr. J. Anderson from the Great Britain, the subject of which concerned problems,
unknown previously in our country, but at present being also very actual, viz.
legal disputes having something to do with a preparation and realization of buil-
ding projects. According to his conclusions, said disputes in England cost annu-
ally more than 3.5 milliard(!) GBP. What an advantage it would be, to build up
something for said amount! It is not surprising that in this connection he cited
Shakespeare: , The first thing we do, let's kill all the lawyers.” It would be inter-
esting to find out what is the situation in this matter in our country, but it is very
presumable, that our conclusions would be sad in an analogous way.

Ing. Georgif Romancov




o —

Ve

48 7. ROCNIK, ¢&. 4/98

Tunel

JESTE JEDNOU K SVETOVEMU TUNELARSKEMU KONGRESU
V SAO PAULO: OPEN SESSION

SAO PAULO WORLD TUNNEL CONGRESS
1998 ONCE MORE: THE OPEN SESSION

Open session byla tentokrat vénovana tématu: Prispévek maloprofilovych
tunell k rozvoji velkomést.

Pan Kalyan Ray, delegat Spojenych narodu, ve svém Gvodnim projevu zdo-
raznil rostouci vyznam vyuzivani podzemniho prostoru a tunel(i v budougim Vyvo-
ji velkomést.

Jsme svédky vyznamné zmény v historii lidstva. Na pielomu stoleti vice ne¥
polovina svétové populace bude Zit ve méstech. Kolem roku 2030 bude méstska
populace dvojnasobna oproti venkovské. Cim vice lidi bude zit ve velkoméstech
a méstech, &im vic zde bude ekonomické aktivity, tim vic se zplodi odpad a spo-
tfebuje zdroju.

Infrastruktura je systém podporujici Zivot, ktery umozniuje méstim fungovat.
Vzriistajici objem pitné a odpadni vody musi proudit podzemnimi tunely, obchod-
ni centra musi byt obsluhovana metry a podzemni kabely musi dodavat energii a
zvladnout v8echen provoz prostfednictvim informagnich dalnic, pokud mésta
majf zvySovat svou produktivitu a ekonomickou efektivnost a udrzet si svUj kon-
kurenéni rdz i v jedenadvacatém stoleti.

V tomto kontextu pan Ray vyzdvihl velky vyznam Ginnosti [TA/AITES pfi pre-
nosu informaci, ve vzdélavani a pfi uéasti na strategickych studiich.

S ohledem na z&vaznost problémd s financovanim zddraznil naléhavou nut-
nost, aby spravni organy zapojily soukromy sektor do budovéni a obhospodaro-
vani infrastruktury potfebné pro tvorbu a udrzeni piijatelného Zivotniho prostredi
pfi rozvoji mést.

Specifické piiklady byly uvedeny pro mésta: Johannesburg, Delhi, Sao Paulo,
Tokio a Paifz.

Dalsi véeobecné informace v zajmu feSeni téchto problémd pedal pan
R. Bielecki, prezident Mezinarodni spole¢nosti pro bezvykopové technologie.

Hlavni zvéry vyplyvajici z jejich pfispévki:

— zviast vyznamnou roli maji vodohospodafi, dodavatelé energie, distributofi pit-
né vody, spravei kanalizaci a ¢igténi odpadnich vod, kolektord atd., jakoz i pre-
pravci v8ech druht materidlu,

— nutnost prizkumu — od samého za&atku ~ mozného vzajemného viivu mezi
riznymi druhy podzemnich kabelti, trubnich vedeni a kanalizaci a to jak z
technického hlediska tak z hlediska organizovaného vyuziti podzemi pfi kolek-
torizaci,

— nutnost objektivniho posuzovani mezi povrchovym a bezvykopovym fesenim.
V kazdém pfipadé musi byt brany v dvahu viechna hlediska véetnd spole-

The open session was devoted to “The contribution of small-sized tunnels for
development of metropolises”,

In his keynote address, Kalyan Ray (UNCHS) highlighted the increasing
importance of utilising underground space and tunnels in the future development
of cities.

We are witnessing a momentous transition in the history of mankind. By the
turn of the century, more than half of the world’s population will be living in cities.
By 2030, urban populations will be twice the size of rural populations. It is in the
cities and towns that more people will live, more and more economic activity will
take place, most pollution will be generated and most resources consumed.

Infrastructure is the life-support system that makes cities work. An increasing
volume of water and waste must flow through those underground tunnels, the
central business districts must continuously be fed by the metros, and the
underground cables must carry the energy and cope with the traffic through the
information highways, if the cities have to enhance their productivity and econo-
mic efficiency and retain their competitive edge in the twenty-first century.

In this context, he pointed out the great relevance of the activities of ITA
through information, education and strategic studies.

Addressing the financing challenge, he emphasised the urgent need for
governments to creating and enabling environment for increased private sector
participation in the creation and the operation of that infrastructure needed for
economic development,

Specific examples were presented for the following metropolises:
Johannesburg, Delhi, Sao Paulo, Tokyo and Paris.

A more general information was made by R. Bielecki President of the
International Society for Trenchless Technology, on the interest of this solution.

The main headline coming out of their interventions were:

— the extremely important role played by the water management, as well as per-
manent energy provider, as drinking water distributor, as evacuator of used
water by way of sewers, utility tunnels etc. . . ., as transport means for all kind
of materials,

— the need to study, from the beginning, the possible interactions between the
various types of underground cables, ducts and canalisations, as well from
a technical point of view as far as organized use of the underground, special-
ly by means of utility tunnels,

— the need for a fair competition betwsen the cut and cover solution and the
trenchless solution; in any case all elements, including social costs in the bro-
adest sense, have to be taken into account.

Podle materiald z kongresu zpracoval:
Presented according to the Congress materials by:
Ing. Karel Matzner
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ZPRAVODAJSTVi CESKEHO TUNELARSKEHO KOMITETU ITA/AITES

CZECH TUNNELLING COMMITTEE REPORTS

CESKY TUNELARSKY KOMITET (CTuK)

reprezentuje Ceskou republiku v ITA/AITES spolu se dvéma kolektivnimi
éleny, jimiz jsou akciové spoleénosti Metrostav a Subterra. Vznikl v roce
1982 (tehdy jako Ceskoslovensky tunelafsky komitét) z iniciativy podnikd
z(G&astnénych na vystavbé metra v Praze. Predseda CTuK je dlouholetym
élenem vykonného vyboru ITA/AITES a letos byl zvolen jejim vicepreziden-
tem.

Néktel odbornici z fad élentl CTuK jsou ¢leny pracovnich skupin asociace.

CTuK sdruzuje organizace, spolecnosti firmy, vysokogkolska a védecka pra-
coviété i jednotlivce zainteresované v podzemnim stavitelstvi a védnich oborech
$ nim souvisejicich. Registruje 36 investorskych, projektovych, inzenyrskych a
vyrobnich spole¢nostl, 4 vysokoskolské a védeckd pracovisté a dalSich 21 indi-
vidualnich ¢lend.

Predsednictvo CTuK se na svém zasedan( 8. 10. 1998 zabyvalo pfipravou
pracovniho shromazdéni svych ¢lenskych subjektll a zejména dalsim rozvojem
sluzeb, které jim miize komitét poskytnout. CTuK je schopen vytvoit si finanéni
rezervu na podporu cilevédomé publicity nasich tuneldfskych aktivit, poznatkl a
zkudenosti z teorie i praxe ¢&i vysledkl vyzkumu z obortl souvisejicich s podzem-
nim stavitelstvim. Pfedpoklada vysilat na odborné svétové kongresy a konferen-
ce delegaty, ktefi by reprezentovali Seské tuneldfstvi hodnotnymi pfispévky a
naopak zprostfedkovali pfenos informaci o novinkdch ve své&té nadim odborni-
kam.

Komitét hodla rovnéZ podnécovat a podporovat pofadani tuzemskych semi-
nafl zaméfenych ke konkrétnim pfedem dohodnutym tématim. Cilem téchto
seminaft by méla byt pomoc pfi Feseni aktualnich problém( z oboru podzemni-
ho stavitelstvi.

Dal§i oblasti rozsifeni sluzeb pro ¢leny je podpora zajezdl a exkurzi na pre-
dem uréené odborné akce v tuzemsku i zahranici (vystavy, seminafe, konferen-
ce, zajimavé stavby).

CTuK si soucasné vytvafi potfebnou rezervu na predstinové zajistovani kon-
ference ,,Podzemni stavby 2000,. Pfipravny vybor konference, jehoz sloZeni bylo
odsouhlaseno na pracovnim shromézdéni v Ostravé 21. 10. 1998, jiz zahajuje
svou ¢innost. Podle rozhodnuti posledni konference PS ‘97 budou i dal’i konfe-
rence tematicky zaméfeny predevsim na podzemni urbanismus a jeho ekologic-
ké aspekty pfi roz§ifovani infrastruktury velkomést.

THE CZECH TUNNELLING COMMITTEE (CTuC)

represents the Czech Republic in ITA/AITES together with two collective
members, viz. the joint stock companies Metrostav and Subterra. CTuC
was established in the year 1982 (at that time as the Czechoslovak
Tunnelling Committee), due to the initiative of enterprises taking part in the
construction of the Metro in Prague. The Chairman of CTuC is a member of
the Executive Committee of ITA/AITES for many years, and this year he was
elected as its Vice-President.

Some experts — members of CTuC — are members of working groups of the
Association.

CTuC associates enterprises, companies, firms, scientific and university cent-
res, individuals interested in underground engineering and related scientific dis-
ciplines. It registers 36 investor companies, design, engineering and production
ones, 4 scientific and university centres, and further 21 individual members.

The Board of CTuC, on its session dated October 8, 1998, discussed the pre-
paration of a working meeting of its member subjects and especially the further
development of services which the Committee can provide them. CTuC is able
to form a financial reserve for supporting a methodical publicity of our tunnelling
activities, knowledge and experience gained from the theory and practice, or of
research results of disciplines related to underground engineering. It is supposed
to send to professional world congresses and conferences delegates which
should represent the Czech tunnelling engineering with high-quality papers and,
vice versa, mediate an information transfer about novelties in the world to our
specialists.

The Committee shall also instigate and support an organizing of home semi-
nars aimed at topics agreed in advance. A help at solving actual problems con-
cerning the underground engineering should be the aim of said seminars.

A support of trips and excursions to professional actions in inland and abroad
(exhibitions, seminars, conferences, interesting structures), is the further sphere
of enlarged services for our members.

CTuC forms in advance a needed reserve for ensuring the conference
“Underground structures 2000". The Preparatory Committee of the conference,
the composition of which was approved on the working meeting in Ostrava on
October 21, 1998, just starts it activity. According to the decision of the last con-
ference PS ‘97, even further conferences shall be directed, first of all, to the
underground town-planning and its ecological aspects at enlarging the infrast-
ructure of cities.

Ing. Karel Matzner
sekretal CTuK
Secretary of CTuC

e Design and engineering works

®) TERRAPROJEKT a.s.

e Feasibility and economic studies

e Project Management and supervision

In the field of: 7

e Tunnels and underground structures
e Roads, motorways and railways

e Landfills and water treatment plants
* Civil engineering and architecture

TERRAPROJEKT a.s., Podunajska 24, 821 06 Bratislava, SLOVAKIA
tel.: ++421-7-5523 771-6, fax: 5523 103, e-mail: terraprojeki @ gtinet.sk
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SPRAVODAJSTVO ZO SLOVENSKEHO TUNELARSKEHO KOMITETU

SLOVAK TUNNELLING COMMITTEE REPORTS

SLOVENSKY TUNELARSKY KOMITET
(STK)

vznikol koncom roku 1992 po rozdeleni Ceskoslovenska na dva samostatné &ta-
ty. Do ITAV/AITES bol STK prijaty v aprili 1993 na svetovom kongrese v
Amsterdame. STK v su¢asnosti zdruzuje 29 organizacii, ktoré sa svojou odbor-
nostou na tunelarskej vystavbe podielaju.

Slovensko ma bohatd tuneldrsku histériu z minulého storocia z ¢ias rozvoja
zelezni¢ne] dopravy, ked sa na Zzelezni¢nej sieti postavilo okolo 80 tunelov.
Vznikli tu technicky narocné diela, ktoré sa stavali v geologicky zna¢ne naruse-
nom a zvodnelom prostredi Karpatského masivu. Ako priklad uvediem aspon
najdihsi jednokofajovy Zelezniény tunel na trati Banska Bystrica-Diviaky s dizkou
4700 m a sluckovy tunel pri Telgarte 1200 m na trati Margecany-Banska
Bystrica.

Po roku 1955 nastalo obdobie Gplného Utimu tunelovych stavieb a az po roku
1995 na Slovensku doslo k aktualiz&cii vystavby dialiénych tunelov. Prvy dia-
Iiény tunel sa zacal stavat' v roku 1996. Ide o tunel Branisko s dlzkou takmer
5000 m. Tunel Branisko bude uvedeny do prevadzky v roku 2001.

Dal$im tunelom vo vystavbe je tunel Ovéiarsko diZky cca 2200 m pri Ziline, na
ktorom je vyrazena prieskumné $t#lfia. Razenie tunelovej rary v plnom profile sa
zalne v roku 1999.

Na dialhici D 18 smerom na Polsko je v poéiatoénom $tadiu tunel Horelica dfz-
ky 570 m a na diahici D 1 sa razi prieskumna &télfa najdlhsieho tunela v SR
Visfové. Na tuneli Branisko sa aplikuje NRTM a touto metddou sa maju razit aj
tunely Ovéiarsko a Horelica. Na tuneli Vishové s prihliadnutim na jeho dizku a
prevahu skalnych hornin na jeho trase sa uvaZuje s nasadenim tunelovacieho
stroja priemeru 11,9 m.

Jednou z hlavnych udloh Slov. tunelarskeho komitétu bolo tento program tune-
lovych stavieb podporit, vyzdvihnat ich prinos a umoznit' transfer najnovsich
poznatkov zo zahrani¢ia. Za tymto U¢elom STK poriada vlastné konferencie s
medzinarodnou Ucéastou ako bola konferencia v Poprade v oktdbri 1995 a v
novembri 1996 v Prievidzi.

Uspesnou akciou STK bola aj 1. medzinarodna vystava a sympdzium pod
nazvom , Tunely 98, Zilina, jun 1998. Na tejto akcii sa nam podarilo v silade s
postupuijlicou vystavbou dat’ priestor aj zahraniénym vyrobcom technickych pro-
striedkov a technoldgii potrebnych pre vystavbu tunelov.

Okrem vlastnych odbornych akcii prikladame velku vahu aj kazdoroénej ucas-
ti na svetovych kongresoch ITAJAITES a takisto konferencidm poriadanym
narodnymi komitétmi, kde nasi élenovia aktivne prispievaji a siéasne zacinaju
p#sobit’ aj v jednotlivych pracovnych skupinach. Zvlast si cenime spoloéné vyda-
vanie odborného &asopisu TUNEL s Ceskym tunelarskym komitétom. V tomto
Casopise mame moznost podrobne publikovat dianie na tunelovych stavbach v
SR.

Ing. Juraj Kelesi,
predseda STK
President of the Slovak Tunnelling Commiltee

THE SLOVAK TUNNELLING COMMITTEE
(STC)

was founded by the end of 1992, after the Czechoslovakia had been divided into
two separate states. Until then the experis working in this field were associated
in the common Czechoslovakia Committee, which was established in 1982.

After the previous preparation there were accepted into the International
Committee ITA/AITES the sole Slovak Committee in April 1993 at the World
Congress in Amsterdam. At an early stage of the STC there were 18 member
organisations and at present we have 29 organisations, which in fact covers
nearly all organisations, that are engaged in the tunnel engineering.

Slovakia has a rich tunnelling history from the last century, from times when
the railway traffic expanded and there were consiructed about 80 tunnels on the
entire railway network. There were created technically very demanding works,
when they had to be built in geologically rather disturbed and water saturated
environment of the Carpathian massif. For example | mentioned al least the lon-
gest one-track railway tunnel on the railway line Banska Bystrica—Diviaky—Martin
(app. 4700 m) in the Middle Slovakia and loop tunnel by Telgart on the railway
line Margecany-Banska Bystrica in the East Slovakia. Besides railway tunnels
there were built also tunnels for water supplies, transport and other tunnels, but
in as smaller extend.

After 1950 there was a damping period, when practically no tunnels there
were built. If any tunnel was built, it was rather unique. It was reasoned, that the
tunnel construction is highly economically demanding and there were sought
other solutions,

Only after 1992alnned activation of the Motorway network in Slovakia, that
was integrated into the European corridors, the construction of the road transport
tunnels was updated.

In April 1996 a new age history of tunnels construction in Slovakia began,
when the Pilot tunnels of the Branisko tunnel started to be driven in the northern
tube in length of the 4800 m in Eastern Slovakia. This tunnel was the first in
sequence, as a mountain massif of the same name represents the greatest time
delay by the construction of Motorway network in Slovakia. At present time the
Pilot tunnel with profile of up to 14 n? is successfully driven along the whole tun-
nel length and the south tunnel tube in full profile has been already driven up to
55 % of length.

The tunnel Ovciarsko is another tunnel under construction. It is app. 2200,
long and it is located in the Middle Slovakia near the city of Zilina. There already
has been the entire Pilot Tunnel here and a construction of full profile is prepa-
red.

On the Motorway D 18 in the direction to Poland there is being built at the ini-
tial stage the tunnel Horelica. It will be 570 m long. On the Motorway D 1 is being
built the Pilot tunnel of the longest tunnel in the Middle Slovakia — Visriové. It is
7400 m long and the diameter of the Pilot tunnel is 3,5 m. By the construction of
tunnels Branisko, Ovciarsko, Horelica the huge tunnel tube is supposed to be dri-
ven, respectively it is already driven by means of the method NATM. By the tun-
nel Visriové there is contemplated the main tunnel of diameter 11,9 m to be dri-
ven in hard rock (granodiorit) by a TBM machine.

One the Slovak Tunnelling Committee’s main tasks was to support this pro-
gramme for tunnel constructions, to point out their contribution and to make it
possible to accept the newest international knowledge, for it to be used in each
one individual construction and in this way to enhance the tunnel construction
industry. For this purpose the STC regularly holds its own international
Conferences such as the Conference in Poprad in October 1995, where the enti-
re programme of tunnel construction was introduced in detail.

The Conference “Tunnels for the third millennium”, that was held in November
1996 in Prievidza, was another very successful international event. At this
Conference we could present first experiences from our own tunnel driving and
fo the compare them with the experiences of foreign participants.

Successful event organised by the STC was also the first international show
and symposium of underground structural parts, called , Tunely 98", that was held
in June 1998 in Zilina. This kind of event we intend to organise regularly. At this
event we have managed to give a room also to foreign producers of tunnel tech-
nology, that is necessary for tunnel construction.

Besides of our own expert events we consider important to take part every
year in world ITAJAITES Congresses, or also in conferences held by national
Committees, where also our members actively contribute and as well they are
gaining the newest knowledge and they begin to spread the influence in the work
groups. We particularly value the common issuing of the professional journal
TUNEL together with the Czech Tunnelling Committee. We have an opportunity
to publish in detail what is going on at our construction sites in this journal and
as well we can also take over the most current articles and knowledge from abro-
ad.

These are the areas of our activities, that we want to expand in future to order
underground structural works such as public transport, parking places, etc.
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KALENDARIUM ITA/AITES

CALENDAR ITA/AITES

KALENDAR AKCI ITA/AITES, ,
TUNELARSKYCH KONGRESU A KONFERENCI
(AKTUALIZOVANY K 21. 10. 1998)

8.—10. 12. 1989, Basel, Svycarsko, 4. Mezinarodni vystava
INTERTUNNEL (Europe) 98 — tunelarstvi a podzemni tézba

15.-18. 1. 1999, Dallas, USA, mezinarodni stavebni veletrh ,The
International Builder's Show®, nejvétsi na zapadni polokouli —
93 000 m2 vystavni plochy

14.-17. 3. 1999, SAGEEP 99 — Symposium on the Aplication of
Geophysics to Engineering and Environmental Probiems —
Oakland Marriot City Centre, Oakland, California, U.S.A. fax
(+1 303) 843 6232

Akce ISTT — International society for trenchless technology
(Mezinarodni spole¢nost pro bezvykopové technologie)

21.-24. 3. 1999, Melbourne, 10. australska tunelarska konferen-
ce ,,The Race of Space”. 30. 9. 1998 — uzavérka pfispévkl
Porada: Australian Underground Construction and Tunnelling
Association.

20.-24. 4. 1999, Brno, Vystavisté, 4. Mezinarodni stavebni vele-
trh

29. 5-3. 6. 1999, Oslo, svétovy tunelafsky kongres ,World
Tunnel Congress Oslo ‘99" a 25. Valné shromazdéni ITA/AITES.
Termin pro kompletni pfispévek po pfijeti abstraktu 15. 1. 1999

7.-10. 6. 1999, Amsterdam, konference o mechanice zemin —
Xllth European Conference on Soil Mechanics and Foundation
Engineering ,,Geotechnical Engineering for Transportation
Infrastructure”

15.-17. 6. 1999, Paris No-Dig Live 99
Pafiz — pfedvadéni bezvykopovych technologii in situ, pofada
narodni spole¢nost FSTT, Info fax (+33 1) 48 70 99 79

29. 6.-4. 7. 1999, Xian, Shaanxi, Cina, 8. mezinarodni tunelaf-
ska konference ,,Underground Space 1999,

17.-19. 8. 1999 2nd Latin American Congress on Trenschless
Technology — Buenos Aires, Argentina, fax (+54 1) 774 2423

25.-28. 8. 1999, Pafiz, kongres o mechanice hornin — ,,9th
International Congress on Rock Mechanics®, abstrakty pfispév-
kil do 15. 8. 1998, pfispévky do 31. 12. 1998

11.-14. 10. 1999, Budapest, konference o bezvykopovych tech-
nologiich — 17th International NO-DIG ‘99, abstrakty pfispévku
do 15. 10. 1998, fax (+49 4035) 7232900. Motto ,,Stfedni

Evropa — trh pro bezvykopové technologie®. Soucasti konferen-
ce je vystava a pfedvadéni technologii in situ.

25.-28. 10. 1999, Pafiz, mezinarodni konference o podzemnim
stavitelstvi ,,Underground Works: Ambitions and Realities”
abstrakty do 30. 11. 1998, koneény text pfispévkd do 31. 3. 1999

13.-18. 5. 2000, Durban, JAR, svétovy tunelaisky kongres a 26.
Valné shromazdéni ITA/AITES, ,,World Tunnel Congress:
Tunnels under Pressure®.

Abstrakty — posledni moznost k doruceni do 30. 11. 1998, konec-
ny text pfispévku do 30. 8. 1999

15.-19. 10. 2000 International No-Dig 2000 — Perth, Western
Australia — Mezinarodni konference o bezvykopovych technolo-
giich Perth — Austrélie, fax (+61 8) 9291 9978

7.-15. 9. 2001 International No-Dig 2001 Prague, CZ -
Mezinarodni (celosvétovéd) konference o bezvykopovych techno-
logiich v Praze pod mottem ,,Praha — most mezi vychodem
a zapadem®. Tel./fax (02) 35 20 00. Soudasti konference je
vystava a pfedvadéni technologii in situ.

Zavérem:

— ke v8em akcim Vam poskytneme dalsi informace z podklad(,
které mame k dispozici

— vyuzivame v8ech moznosti, tj. zvefejnénim v ,Tunelu®, pfi
Valnych shromazdénich ¢&i dopisy, abychom Vas informovali
o tunelarskych konferencich ve svété. Chceme Vas tim vybid-
nout k dalsi aktivité v publikaéni ¢innosti a k ¢astéjsi prezenta-
ci vysledkl prace v naSem oboru na svétovém foru. Zajistime
Vam odeslani pfispévkl pofadatelim. Pokuste se uplatnit
nasim prostfednictvim pfispévek i v pfipadé, Ze jste nestihli
termin pro ,,call for papers".

Ing. Karel Matzner

INFORMACE

INFORMATION

PRIRUSTKY KNIHOVNY CTuK
ACCESIONS OF CTuC LIBRARY

— Protlageni nekruhovych profilil kolektorovych pfipojek v pod-
minkach nesoudrznych zemin v prostiedi méstské zéstavby,
Ing. Roman Vadura, ocenéna diplomova prace

— Sbornik pfispévkl z konference ,Underground City:
Geotechnology and Architecture”, Petrohrad 9/98

— Metropoliteny na liniach melkovo zaloZenija, J. C. Frolov,
J. E. Kruk, Moskva 1994

— Sbornik prednasek ze 4. konference o bezvykopovych tech-
nologiich, Jesenik 10/98

— Celozivotni vzdélavani (nabidka vzdélavacich programl pro
stavebni prace na 9/98-6/99), CKAl a Svaz podnikatell ve
stavebnictvi




- pre-investment studies
& analyses

- project documentation
at all levels

- transformation
& authorisation of project
documentation of foreign
clients in compliance with
Czech norms
and regulations

- advisory & consulting
services

METROPROJEKT
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for

cut & cover tunnelling
drill & blast tunnelling
slurry walls & trenches
soft ground tunnelling
underpinning
underground
communication
railway, metro, tram
and trolleybus tracks
motorways, highways,
roads

underground parking lots

CONTACT ADDRESS:

METROPROJEKT Praha a.s.

Nam. I. P. Paviova 2/1786, 120 00 Praha 2, Czech Republic
Phone: + (420 2) 96 204 121, Fax: + (420 2) 96 204 122
E-mail: metroprojekt@ metroprojekt.cz




INZENYRSKA KANCELAR PRI CESKEM

TUNELARSKEM KOMITETU ITA/AITES

ENGINEERING OFFICE OF THE ITA/AITES
CZECH TUNNELLING COMMITTE

nabizi organdm statni spravy a samospravy, investorim, projektantiim
a dodavatelim objektivni a vysoce kvalifikované

@ expertizy vSech typ( studii a projektu
z oblasti podzemniho urbanismu a podzemnich staveb

@ navrhy a posuzovani
- hloubenych i razenych podzemnich staveb
- sanacni opatieni a rekonstrukéni postupy
pfi zakladani staveb a podzemnim stavitelstvi
- vyuziti stavajicicih i novych podzemnich prostor
pro ucely ukladani odpadu, skladovani energetickych médii,
zasobovani vodou, ¢isténi odpadnich vod, gardzovani apod.
- stability skalnich stén
@ konzultace koncepénich i dil€ich problému inZenyrské geologie,
mechaniky hornin, zakladani staveb a podzemniho stavitelstvi

offers expert references of projects and constructions of all problems of the
@ underground construction
@ underground planning
@ engineering geology
@ rock mechanics
@ foundation engineering
@ and other ones

KONTAKTNI ADRESA:
CONTACT ADDRESS:

Sekretariat Ceského tunelarského komitétu ITA/AITES, Délnicka 12,170 04 Praha 7
Tel./fax: 66 79 34 79, Ing. Karel Matzner
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e Zzpevriujici a tésnici injektaze

e navrhy technickych reseni a projekty
injektaZnich praci |
e technologicky dozor pri injektaznich pracich

 specialni technologie v inZenyrskem CarboGrouting
stavitelstvi akciova spolecnost

e Kkotveni, svornikovani, mikropiloty

OBLAST POUZITI:

e povrchové i podzemni stavitelstvi e Ongovarskz 13 _
 vodohospodarské a energetické stavby T L A
e ddini stavby, hornictvi Tel./Fax: 069/612 36 23

CENIK INZERCE V CASOPISU ,, TUNEL“

PRICE LIST OF ADVERTISING IN THE JOURNAL , TUNEL*

Pro éleny CTuK a tuzemské organizace:
For CTuC members:

UVNITR CASOPISU NA OBALCE CASOPISU
celostrankovy inzerat ¢ernobily 11 000 Ké celostrankovy inzerat barevny
celostrankovy inzerat barevny 14 000 Ké — 3. strana 20 000 Ké
pustrankovy inzerat éernobily 5 500 Ké celostrankovy inzerat barevny
— 4. strana 25 500 Ké

Inzerce v celém ro¢niku — sleva 10 %
Redakce si vyhrazuje pravo regulace inzerce s ohledem na druh a velikost
podle poétu zajemct a jejich pozadavk?.
Cenik schvalen Redakéni radou éasopisu 8. 1. 1998.

For CTuC non-members from abroad:

One page 1A advertisement in colour 2 000 DM
Half-page advertisement in colour 1 000 DM
Advertising in the entire year’s volume - reduction 10%




CIVIL ENGINEERING

RECONSTRUCTION OF TUNNELS, SEWERS AND OTHER STRUCTURES

LIQUIDATION OF DANGEROUS WASTE, BUILDING OF DUMPSITES

DESIGNING AND ENGINEERING ACTIVITIES, ACCREDITED LABORATORY

SUBTERRA a.s.
Bezova 1658
147 14 Prague 4

Tel.: +420/2 /4406 1111
Czech Republic

Fax: + 420/ 2/ 4446 6179




METROSTAV joint-stock company means more than a mere metro construction.
It represents a dynamic Czech construction company with a notable tradition, stable
current position and a clear future. Projects completed include commercial and retail
centers, industrial and transport related construction projects, engineering
construction, construction for water and wastewater sector, reconstruction and
renovation of building, housing and residental projects, underground construction.
All of its work performed with a quality edge, now guaranteed by its quality
management system certified in 1998 to ISO 9002. Turnkey implementation of project
concepts in the required time - that is Metrostav’s program in its entirety.

MeTREGSTAaD

In partnership with us you will be the best

Contact us under:
METROSTAV a.s.
Délnicka 12, 170 04 Prague 7, Czech Republic
Tel: +420 2/667 93 34, Fax: +420 2/80 82 75
e-mail: mts@bohem.cz




