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lunel

Vazeni ¢tenari, kolegyné a kolegové,

ginnost Ceského tunelafského komitétu ITA/AITES
zavriuje kazde tfi roky mezindrodni tunelafska konfe-
rence pofadana letos pod ndazvem PODZEMNI STAV-
BY PRAHA 2000. Pfinasi informace, poznatky a zku-
Senosti z naseho oboru a stala se pravidelnym forem k vyméné
nazorl. Vyznam konference je v tomto roce zdGraznén tim, Ze se
kona pod zastitou primatora hlavniho mésta Prahy a Ze jejim spon-
zorem je ITA/AITES, jejiz Vykonny vybor zde soucasné zaseda.
Obsazny Sbornik ptispévk( sedmdesati autorll a desitek spoluauto-
r(i z tuzemska i zahrani¢i dokumentuje $iroky zajem odborné tune-
larské vefejnosti. 5

Tuneldfstvi a podzemni stavitelstvi viibec je v Ceské republice vse-
obecné hodnoceno jako stavebni obor s velkou perspektivou.
PFispiva k tomu na jedné strané bouflivé se rozvijejici doprava a na
druhé strané hustota osidleni a fada chranénych krajinnych oblas-
ti, kde neni priichod dopravnich siti po povrchu povolovan. Vyuziti
podzemi je pak jedinou moznosti k uspokojeni dopravnich naroka.
Vystavba méstskych automobilovych tunell je pfevazné vyvolana
skuteénosti, Zze v husté zastavéném (zemi neexistuje jina uzemni
rezerva, nez podzemi. Dalsi perspektiva ¢eského tunelafstvi - dal-
ni€ni tunely - jsou vétsinou vyvolany tvrdymi poZadavky na ochra-
nu krajiny. Pfedevsim z téchto dlivodU je planovana fada tunell na
rozvijejici se dalniéni siti, kde k dosud provozovanym cca 500 km
ma v Casovém horizontu 10 az 15 let pfibyt dalsich 500 km. Mezi
tato pldnovana dila patfi pfedevsim tunel na dalnici D5 u Plzné
a nékolik tunell na dalnici D8 z Prahy do Draidan.

Tunely velkych profill pro silniéni a zelezni¢ni dopravu nejsou véak
jedinym zajmovym Gzemim Ceské tunelaiské vefejnosti. Casto se
nepravem opomiji stejné ndrocné a technicky mnohdy velice inspi-
rativni Ukoly pfi realizaci napt. jiz zminénych kolektord, ale i pod-
zemnich ¢istiren odpadnich vod, energetickych staveb apod.
Samostatnym problémem pak je feSeni dopravy v klidu (tedy par-
kovani), kde maji specidlné ¢eskd mésta ohromny dluh. Napf.
v Praze by se dle schvaleného tzemniho planu mélo v nésledujicich
deseti letech vybudovat zhruba 15000 podzemnich parkovacich
stani pro automobily.

Ceska tunelaska vefejnost si vzhledem k perspektivam oboru veli-
ce ceni spojeni se svétem prostiednictvim ITA/ITES. Vzéjemna
vyména informaci je zaroven i inspiraci a trvaly kontakt odborniki
je nezbytnou podminkou pro splnéni velice ambiciosnich cild pfi
rozvoji infrastruktury statu a jeho predpokladanému vstupu do
Evropské unie.

Dear readers, dear colleagues,

the activity of the Czech Tunnelling Committee culmi-
nates every three years by an international tunnelling
conference, this year being organized under designa-
tion UNDERGROUND CONSTRUCTION PRAHA 2000.
There are being gathered information, scientific knowledge and
experience of our profession there. The conference has become
regular forum for an exchange of views and opinions. Its impor-
tance has been highlighted by its arrangement under the patronage
of Prague's Lord Mayor and under the sponsorship of ITA/AITES. Its
Executive Council is holding a session within the same time there.
The wide interest of the general tunnelling public is manifested by
the comprehensive Proceedings of the conference, assembled by
70 authors and tens of co-authors both local and from abroad.
Tunnelling and underground works themselves are , in the Czech
Republic, generally rated as a field of civil engineering with a sig-
nificant prospect. A wildly developing traffic contributes to this on
the one hand while density of the settlement and a number of pro-
tected landscape areas, where at grade transportation routes are
not allowed, on the other hand. Utilization of the underground is
then the only possibility to satisfy the transportation demands.
Construction of the urban road tunnels is evoked by the reality, that
in densely built-up areas there exists no other territorial reserve
than beneath the ground. Another prospect of the Czech tunnelling-
-highway tunnels - are mostly evoked by harsh claims for the land-
scape preservation. Mostly for these reasons, a number of other
tunnels on the developing highway network is being projected,
where today’s app. 500 km in operation should be, in the prospect
of 10 to 15 years, extended by another 500 km. Above all, the tunnel
near Plzert (highway D5) and several tunnels of the highway D8 from
Prague to Dresden belong to these projects.

Tunnels of large profiles for road as well as railroad transportation
are, however, not the only areas of interest of the Czech tunnelling
community. Equally ambitious and often technically very inspiring
tasks - for example during construction of the above mentioned
utility tunnels, but also during underground sewage treatment
works, power constructions etc. - are often unjustly left out. A solu-
tion of the still transportation (parking) is an individual problem,
where especially Czech cities have a huge debt. For example in
Prague, there should be, according to the approved master plan,
approximately 15000 underground car-parking spaces built in the
following ten years.

The Czech tunnelling community, with regards to its industry
prospects, is greatly appreciating the connection with the world
through ITA/AITES. A bilateral information exchange is therewithal
an inspiration, and a permanent contact of professionals is an
essential condition in order to achieve very ambitious objectives in
development of the state infrastructure and its presumptive acces-
sion to the European Union.

Ing. Jindfich Hess
Viceprezident ITA/ITES - ITA/AITES Vice-President
Predseda Ceského tunelafského komitétu - President of the Czech Tunnelling Committee
Pfedseda pfedstavenstva a generalni feditel a.s. Metrostav - Chairman of the Board of Directors and Managing Director of Metrostav a.s.
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KONFERENCE ,PODZEMNI STAVBY PRAHA 2000”

SHRNUTI HLAVNICH MYSLENEK A STRUCNA CHARAKTERISTIKA PRISPEVKU

TEMATICKY OKRUH A - EKOLOGICKE ASPEKTY PODZEMNICH STAVEB
A PRUZKUM PRO PODZEMNI STAVBY

THE “UNDERGROUND CONSTRUCTION PRAHA 2000”

CONFERENCE

SUMMARISATION OF MAIN IDEAS AND A BRIEF CHARACTERISTICS OF THE PAPERS

TOPIC A - ENVIRONMENTAL ASPECTS OF UNDERGROUND CONSTRUCTION AND
EXPLORATION FOR UNDERGROUND STRUCTURES

(COMPILED BY ING. FRANTISEK DVORAK, ING. MILOSLAV NOVOTNY, ING. GEORGIJ ROMANCOV)

EKOLOGICKE ASPEKTY PODZEMNICH STAVEB A PRUZKUM PRO PODZEM-
NI STAVBY je nazev prvniho tématického okruhu z celkového poétu &ty kte-
rym je konference vénovana. Jak plyne z nazvu, obsahuje dvé témata,
z nichZ prvni - ekologie - do jisté miry prostupuje i vétsinou pfispévk( viech
zbyvajicich okruht. Jednim z cilG nasi konference je také ukdzat a zddraznit,
Zg podzemni dila jsou samou svoji podstatou stavbami ekologickymi a ze je
Ize budovat a provozovat zpisobem, ktery ptirodu nechrozuje a v celkovém
kontextu zachovani nebo dokonce zlepgovani Zivotniho prostfedi napoma-
hé. Do tohoto okruhu v8ak byly zafazeny pouze ty pfispévky, v nichz je eko-
logicky aspekt zvlasté vyzdvizen, piipadné ty, které se jej dotykaji nejen
z pohledu technického, ale i spole¢enského. Piispévky ke druhému tématu
popisuji a vyhodnocuji priizkumna dila, spojena s konkrétnimi podzemnimi
dily u nas i v zahranici.

1. EKOLOGIE A PODZEMNI STAVBY

Ekologickd hnuti v priibéhu minulych nékolika desitek let sehrala velmi
pozitivni roli. Vyburcovala lhostejnou vefejnost a doséhla zmén v legislati-
vé a ve vykonu vefejné spravy v mnoha zemich, coZ nésledné pfimélo pri-
myslovou sféru k radikdinim zménam. Nejen v tzv. vyspélych statech, ale
dnes {alespofl v nékterych pfipadech) jiz ve vétsing zemi svéta je povin-
nosti kaidou stavbu hodnotit také z pohledu vlivu na Zivotni prostfedi,
a i za cenu zvy$enych (mnohdy i zna&né) investiénich i provoznich nakladu
pfipadné negativni dopady minimalizovat, eventueln& zcela eliminovat.
S timto cilem vznikla celd fada novych odbornosti, ekologickou problema-
tikou se zabyvaji nové vzniklé dfady a instituce. AZ potud by bylo vie
v naprostém pofadku a kaZzdému ¢lovéku na této zemi by mélo byt jasné, 7e
bezohlednym drancovanim a poskozovanim Zivotniho prostiedi si lidstvo
pfipravuje vlastni zahubu.

Nebyli by to vak lidé se svymi kladnymi i zdpornymi vlastnostmi, aby
néktefi jedinci nezneuZili i té nejuslechtilej$i myslenky ke svému osob-
nimu prospéchu. Velice brzy se ukazalo, 7e ochrana Zivotniho prostiedi
je otazkou natolik sloZitou, Ze vé&tsina laiki neni a nem(ze byt schopna
obsahnout veskeré jeji souvislosti a navaznosti, a 2e demagogii a nevy-
biravym plsobenim na masy Ize pravé strachu z poékozovéani Zivotniho
prostfedi velmi uginné a relativné jednodu$e zneuzivat. Tyto osoby
dokazi neobyéejné pruiné aplikovat zékonné demokratické postupy
takovym zplsobem, ze pfipravovanou stavbu pod zdminkou ochrany
pfirady, pfipadné i respektovani lidskych prav, blokuji tak dlouho,
dokud jim to pfinasi prospéch. To vée hez sebemensiho ohledu na sku-
teénost, Ze tim zpravidla skodi celym regioniim a nerespektuji préva
jinych, mnohdy daleko vétsich skupin obcand, neili jsou ty, za jejichZ
prava tzv. bojuji. Jak je historicky neséisinékrat potvrzeno, skutegéné
demokratické staty a instituce jsou vidy o krok pozadu za diktatory
a demagogy a neili si vytvofl metody G¢inné obrany proti nim, vidy
z pocatku prohravaji. To plati jak pro politiku, tak pro valku, tak, bohu-
Zel, i pro ochranu Zivotniho prostfedi. Konkrétnich ptikladt takovychto
postupl pfi pfipravé a realizaci podzemnich staveb je zndma celd fada,
u nas i v zahraniti, a nékteré z pfispévki konference se jimi také zaby-
vaji. Je dkolem skuteénych odborniki a skuteénych ochranct Zivotniho
prostfedi, aby co nejenergi¢téji proti pseudoekologim a ekologickym

ENVIRONMENTAL ASPECTS OF UNDERGROUND CONSTRUCTION AND
EXPLORATION FOR UNDERGROUND STRUCTURES - it is the title of the first
topic out of the four topics of the conference programme. As follows from
the title, it comprises two sub-topics. The first one - environmental aspects
- pervades, to some extent, most of the papers on the remaining topics. One
of the objectives of our conference is to show and emphasise the fact that
it is the essence of underground works to be environmentally friendly, and
that they can be built and operated in a manner, which does not endanger
nature and is very helpful in the overall context of the environment preser-
vation or even improvement. Although, only those papers have been
included in this topic which give the environmental aspect special promi-
nence, or those papers which touch upon it not only from a technical point
of view but also a technical one. Papers dealing with the other theme
describe and assess exploratory works connected with particular under-
ground works both domestic and foreign.

1. ECOLOGY AND UNDERGROUND STRUCTURES

Environmental movement has played a very positive role in the course of sev-
eral past decades. It has aroused the indifferent public and achieved changes
in legislature and in execution of public administration in many countries,
which fact has made the industrial sphere adopt radical changes. Not only in
so called developed countries but today in most of the countries of the world
itis a duty to assess every project from the point of view of its effect on envi-
ronment too, and to minimise or totally eliminate negative effects, if any,
even at the cost of increased (many times substantially increased) investment
and operational costs. Whole range of new professions originated for that
reason, and the environmental issues are dealt with by newly established
authorities and institutions. All of that would be fine and everybody should
understand that by devastating and damaging environment ruthlessly the
mankind has been preparing its own annihilation.

However, people have their positive and negative qualities, and there are
individuals who misuse even the most noble minded ideas for their per-
sonal profit. It turned out very soon that the environmental protection is so
complex issue that most of laymen are not, and can not be, able to com-
prehend all of its coherence and link-ups, and that it is possible very effi-
ciently and relatively simply to misuse the fear of damaging the environ-
ment by means of demagogy and unscrupulous affecting masses. Those
people are able to apply legal democratic procedures in a extraordinarily
flexible manner. They block a planned project under the pretext of natural
protection or even respect for human rights for such a long time for which
it is profitable for them. All of that without a slightest bit of regard to the
fact that they usually do harm to whole regions. They do not respect the
rights of other, often much larger, groups of citizens than those ones the
rights of which they “fight for". As it has been proved no end of times in the
history, the really democratic states and institutions are always one step
behind dictators and demagogues, and they always lose at the beginning,
before they create methods of effective defence against them. This is valid
both for politics and war and, unfortunately, for environmental protection
too. A number of specific examples of such proceedings in planning and
implementation of underground structures is known in our country and
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natlakovym skupinam vystupovali vécnymi a racionalnimi argumenty,
prokazujicimi, Ze jejich &innost Zivotnimu prostiedi a spole¢nosti nao-
pak skodi a pfipravili takova zdkonna legislativni opatfeni, ktera jejich
ginnosti zabrani, a pokud zpusobi §kodu, aby byli voléni k odpovéd-
nosti.

Mezi nize citovanymi piispévky jsou jak ty, které se pfimo zabyvaji témito
obecnymi vztahy mezi ochranci a ,ochranci” Zivotniho prostfedi na jedne,
a odborniky v oblasti podzemnich staveb na druhé stranég, tak ty, které na
konkrétnich piipadech ukazuji, jak je v projektech a realizacich ekologicka
problematika fe$ena.

« SPOLUPRACE S VEREJNOSTI PRI VELKYCH STAVBACH
Polék F., Padevét M.

Je zdlraznéna nutnost popularizace a osvéty smérem k co nejsir§i vefej-
nosti jako jedna z cest k umoznéni optimalni realizace vefejné prospésnych
podzemnich staveb. Autofi se této Cinnosti vénuji systematicky jiZ po
mnoho let a poukazuji na pfi¢iny, které mj. vedou k neblahému stavu,
v nichz se mnohé stavby vlivem vyse uvedenych skuteénosti ocitaji. Na pfi-
kladu Informa&niho centra tunelu Mrazovka ukazuji, jak Ize prakticky proti
demagogii pseudoekologickych aktivit bojovat.

« ENVIRONMENTAL FEATURES OF UNDERGROUND WORK

FOR THE BILBAO METRO

Madinaveitia J.
Podzemni dréha je nepochybné stavbou, jejimz dasledkem je vedle zlepse-
ni dopravni obsluhy i zlep8eni ekologické situace v Uzemi, kterym prochazi.
Autor, ktery je technickym feditelem spoleénosti IMEBISA ve $panélském
Bilbau popisuje nékteré okolnosti a momenty spojené s environmentaln{
problematikou b&hem pfipravy a vystavby tamniho metra. Konstatuje, ze
sladéni kazdého dila s prostfedim musi byt pfedmétem trvalého z&jmu
a péde a ze nelze opomijet skute¢nost, Ze dilo se buduje pro lidi, ktefi sami
jsou soucasti tohoto prostredi.

- EKOLOGICKE ASPEKTY DOPRAVNICH STAVEB V PRAZE
Krasny P.

Problematika, kterd se bytostné dotyka snad kazdého obyvatele naeho
hlavniho mésta. Znovu a znovu, tentokrat na prikladech spojenych s rozvo-
jem automobilové dopravy a vystavbou novych dopravnich cest v Praze je
ukézano, jak ¢innost nékterych ekologickych aktivit, zaméfenych na jeden
mistni problém (pokud pimo nesleduje prospéch uzkého okruhu uréitych
osob) v §irdich souvislostech pusobi na pfirodé a Zivotnim prostiedi $kody
daleko vétsi a 7e bezohledné prosazovani byt uslechtilého cile mize vést
k pravému opaku. Na konkrétnim prikladé je doloZeno, Ze stavajici legisla-
tiva se daleko spise mulzZe stat bezdéénym pomocnikem téch, ktefi sleduji
pouze své osobni cile, nezli nastrojem k prosazeni objektivné nejvhodnéjsi-
ho feseni.

+ DIE RECHTLICHE UND UMWELTTECHNISCHE BEHANDLUNG

VON TUNNELAUSBRUCHMATERIAL

Wehr A., Bretterebner H., Wruss W., Wilhelm M., Lindlbauer A.
Kazdé podzemni dilo je tfeba i béhem vystavby sladit s pozadavky ochrany
zdravi, Zivotniho prostfedi a platnych zakon(. V sousednim Rakousku je
tato problematika velice pfisné sledovana, o éemz svédéi i zpracovéni toho-
to &lanku celym kolektivem autord, pfi ¢emz kazdy ji posuzuje z ur€itého
hlediska - legislativniho, odborné-technického a praktického. PFi feseni je
tfeba pfihlizet k celé fadé aspektl, které mohou mit na Zivotni prostfedi
a lidské zdravi béhem vystavby tunelu negativni vliv, na pfiklad trhaci
prace, pouzivani stfikaného betonu atd. Souvisi s tim i zplsob nakladani
s vykopovym materidlem, jeho odvoz a deponovéni. Velmi vainym problé-
mem mohou byt chemické slouceniny, pfiddvané do stiikaného betonu.
Jednou z cest FeSeni muze byt stfidani technologii, peéliva volba chemika-
lii a jejich zaména, uzivani nejnovéjsich druhd trhavin, zvy$eni aéinnosti
vétrani atd.

+ A HEAT STRESS OF ROCKS AND SUPPORT IN UNDERGROUND
REPOSITORY OF NUCLEAR WASTE
Stupérek R., Koneény P.
Skladovani jadernych odpadU je rovnéz ekologicky velmi sloZitou otazkou.
Podzemni feseni meziskladu vyhofelého jaderného paliva pfinasi vyrazné
hezpeénostni a ekologické vyhody ve srovnani s povrchovou variantou.
Piedné je to vyrazné vyssi bezpecnost a ochrana proti pfirodnim i socidlnim
delsi bezpecné skladovani VPJ (az 100 let) s perspektivou recyklace prevai-
né Gasti paliva a tim zasadni snizeni pozadavkd na prostorovou, environ-
mentélni a samozfejmé finanéni naroc¢nost definitivniho podzemniho ulo-

abroad. Some of the papers deal with them too. It is a task for real profes-
sionals and real protectors of environment to speak out against pseudo-
-ecologists and environmental pressure groups as resolutely as possible,
using rational arguments proving that their actions are harmful to environment
and society, and to prepare such legal legislative provisions, which would
prevent their activities and, to call them to account if they cause a damage.

Among the further mentioned papers, there are both those which deal with
these common relations between protectors and ,protectors” of the envi-
ronment on the one hand and professionals in the field of underground
structures on the other hand, and those which demonstrate on specific cases
how the issue of environment is solved in designs and implementations.

« PUBLIC RELATIONS DURING BIG CONSTRUCTIONS
Polak F., Padevét M.

The necessity of popularisation and education towards as wide public as
possible is stressed, as one of the ways how to render implementation of
publicly beneficial underground structures possible. The authors have been
systematically devoted to this activity for many years, and they point out
causes, which result in the disastrous condition which many projects have
to face due to the above mentioned facts. They demonstrate, using the
Information Centre of the Mrazovka tunnel as an example, how demagogy
of pseudo-environmental activities can be fought.

+ ENVIRONMENTAL FEATURES OF UNDERGROUND WORK

FOR THE BILBAO METRO

Madinaveitia J.
No doubt, a subway is a structure, which, apart from improving transport
services, improves environment within the area it passes under. The author,
who is technology manager of IMEBISA company in Spanish Bilbao,
describes some circumstances and moments connected with the issue of
environment during planning and building of the local metro. He states that
bringing any works into harmony with the environment must be a subject of
continuing interest and care, and that it is not possible to forget the fact that
the project is implemented for people, who are a part of that environment.

+ ECOLOGICAL ASPECTS OF THE TRANSPORT-RELATED

CONSTRUCTIONS IN PRAGUE

Krdsny P.
An issue, which essentially touches possibly any citizen of our capital.
Again and again, it is demonstrated, for this time on examples connected
with development of vehicular traffic and building of new communications
in Prague, how the activity of some ecological groups focused on a single
local problem (unless it downright follows the benefit for a narrow group
of certain persons) causes, in a wider context, much more serious harm to
nature and environment, and that unscrupulous pushing through an objec-
tive, even a noble hearted one, can lead to a contrary result. It is docu-
mented on a factual example that existing legislation is more likely to
become an unconscious helper of those persons, who follow their own per-
sonal objectives only, rather than a tool for enforcement of an objectively
most suitable solution.

+ DIE RECHTLICHE UND UMWELTTECHNISCHE BEHANDLUNG

VON TUNNELAUSBRUCHMATERIAL

Wehr A., Brettererebner H., Wruss W., Wilhelm M., Lindlbauer A.
Any underground project must be brought into harmony with requirements
of health and environmental protection and applicable laws in the course of
execution of the works. This issue is observed very strictly in neighbouring
Austria. As a proof of that, even this article can be used. It has been compiled
by a team of authors, each of them has assessed the topic from a certain atti-
tude - legislative, professionally technological and practical. When solving
the problem, it is necessary to pay regard to a number of aspects, which can
affect environment and human health during a construction period nega-
tively, e.g. blast work, use of sprayed concrete etc. Connected with it is also
the way of handling excavated material, its transport and disposal. Chemical
compounds added to sprayed concrete can also represent a very serious
problem. One of the ways how to solve the problems can be in varying tech-
niques, carefully choosing chemicals and their commutation, using state-of-
the-art explosives, enhancing efficiency of ventilation, etc.

« A HEAT STRESS OF ROCKS AND SUPPORT IN UNDERGROUND REPOS-
ITORY OF NUCLEAR WASTE
Sriupérek R., Koneény P,
Storage of nuclear waste is also a difficult ecology issue. Apart from other
problems, it is necessary to solve the peril of increasing temperature when
the waste is deposited underground. The paper deals with temperature dis-
tribution in a rock and resulting changes in the rock massif stress and strain.
In the conclusion, it is stated that laboratory testing has proved a minimum
influence on mechanical properties of the massif in the closest vicinity of
the tunnel resulting from increased temperature and, further, that even after
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7idté. Prispévek se zabyvé nékterymi geotechnickymi aspekty takového pod-
zemniho dila, pfedev8im otazkou vlivu zvy3ené teploty na geomechanické
vlastnosti okolniho horninového masivu.

+ METRO DO SEVERNIHO MESTA - TUNELY NA IV. PROVOZNIM USEKU

TRASY C PRAZSKEHO METRA

Jindra M., Kutil J., Romancov G., RiZicka J.
Praiské metro se zfejmé jiz natolik dobfe zapsalo do povédomi laické
i odborné vefejnosti, 7e zasadné negativisticky postoj k budovéni daldich
tras, tak znamy u mnohych jinych staveb, je u néj spise vyjimkou. To ovsem
neznamend, Ze jeho vystavbou by nemohlo k narugeni Zivotniho prostiedi
dochézet a zejména tam, kde se trasa metra pfiblizuje k povrchu, je tfeba
postupovat velice obezfetné. Na tomto provoznim Useku se jednd o mélky
podchod Vitavy a Useky bezprostiedné k nému pfiléhajici, kfiZovani s ulici
Trojskou, o dotasné koncovou stanici Ladvi, a pak téméf o celé dalsi pokra-
¢ovani az do stanice Letiiany. Pfedev8im kiizovani Trojské, kde se stavebni
jama tésné pfiblizuje stejnojmenné chranéné pfirodni pamatce, bylo pro
investory i projektanty tvrdym ofiskem, jak sladit konstrukéni a dispoziéni
feseni a postup vystavby s jednoznatnym pozadavkem nedotknutelnosti
tohoto pfirodniho utvaru. Pravé na pfikladu praiského metra véak lze dolo-
Zit, e oboustranné vstificnym pfistupem je mozno vidy dospét k feSeni, které
uspokoji obé strany, aniz by stavba byla neimérné prodraZovana ¢i zdriova-
na, a pfitom Zivotni prostfedi neutrpi, naopak se pIné projevi jeji kladné vlivy.

2. PRUZKUM PRO PODZEMNI STAVBY

Zaslané pfispévky se zaméfuji na geotechnicky a geologicky prizkum pro
razené tunely na liniovych stavbach. Tento priizkum je v pfipravnych a kon-
cepénich fazich ndvrhu zakladnim pfedpokladem pro optimalizaci vedeni
trasy pfi respektovani podminek stavby. Pro definitivni navrh osténi razené-
ho liniového dila je ve spojeni s monitoringem a observaénimi metodami
podminkou bezpeéné realizace pii minimalizaci materidlové, ¢asové, ener-
getické a samoziejmé predevsim investi¢ni naro¢nosti.

V jednotlivych élancich je probirdna celd fada metod a postupd, pfi prizku-
mu pouZivanych, jsou uvedeny jejich vysledky a hodnoceny jejich vyhody
a nevyhody. Pomérné znaénd pozornost je vénovana problematice prd-
zkumnych $tol. Vidy je tfeba zvazit moznost chybné aplikace poznatki zis-
kanych pfi razbé malého profilu na velkoprofilovy vyrub hlavniho tunelu,
ktery se ¢asto razi zcela odlisnou technologii, jakoZ i nebezpeéi plynouci pro
naslednou razbu z nevhodného situovani prazkumné stoly vzhledem k pFi¢-
nému fezu definitivniho profilu.

Samostatnou problematikou je prognoza poloh, jakoz i kvantifikace a kvali-
fikace oslabenych zén a poruchovych pasem, kterym je tfeba se pfi aplikaci

N o T T —

60 years it is impossible to speak about reaching a balanced condition. In
the same time, the temperature increase has reached to the distance of
about 45 m around the tunnel for 10 years of heating.

. METRO IN THE NORTHERN TOWN - TUNNELS ON THE 4TH
OPERATIONAL SECTION OF THE PRAGUE METRO LINE C
Jindra M., Kutil J., Romancov G., Ruzicka J.

The Prague Metro has got into the consciousness of lay and professional
public so well that a radically negativist attitude towards building another
lines, which is so well known at many other projects, is rather exceptional
for it. Although, this fact does not mean that this construction could not
cause harm to environment. Namely there where the metro line gets closer
to the surface it is necessary to advance very carefully. This section com-
prises a shallow passing under the Vitava river, and to that passing closely
adjacent sections, the intersection with Trojskd street, the temporarily ter-
minal station Ladvi, and then nearly full length of the section continuing to
the Letriany station. The Trojska street crossing above all, where the exca-
vation pit comes near to a protected natural monument of the same name,
was a challenge for designers solving how to bring the structure, disposi-
tion and execution of the works in harmony with the explicit requirement of
inviolability of this natural formation. It is possible to demonstrate, just
using the Prague metro as an example, that it is always possible, through a
co-operative attitude, to arrive to a solution satisfactory for both sides, with-
out disproportionately increasing the price of or delaying the project and, in
the same time, with no harm to environment, just in contrary, its positive
effects show up.

2. INVESTIGATION FOR UNDERGROUND STRUCTURES

The papers delivered are focused on geotechnical and geological investiga-
tion for driven tunnels on line structures. This investigation is a prerequisite
for optimisation of a tunnel route while the construction conditions are
respected. For the final design of a driven line works lining, it is, together
with monitoring and observational methods, a precondition of a safe reali-
sation together with minimisation of the demand on material, time, energy
and, obviously, investment.

Individual articles go into a number of methods and procedures utilised in
investigation. They show their results and assess their pros and cons.
Relatively a lot of attention is paid to the issue of exploratory galleries. It is
always necessary to consider the possibility of an incorrect application of the
knowledge, gained in a small diameter excavation, on a large diameter exca-
vation of a main tunnel, which is often driven by a totally different technique,
as well as the danger threatening to subsequent excavation due to an improp-
er alignment of the exploratory gallery in respect to the final cross section.
A separate problem is in the prognosis of location, quantity and quality of
weakness and/or faulted zones, due to which structural measures and tech-
nical procedures have to be operatively corrected when observational
methods are utilised.

A specific procedure must be utilised in a survey for tunnel structures in a
rock mass with a deep overburden. This is, above all, valid for extremely
long motorway tunnels in the Alps, where quality information can be
obtained usually as late as from horizontal exploratory works driven by
stages from the tunnel face.

[l
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observatnich metod pfi razbé operativné pfizplisobit formou korekce kon-
strukénfch opatieni a technologickych postupu.

Specificky postup je tfeba uplatnit pfi prazkumu pro tunelové stavby
v horninovém masivu s vysokym nadlozim. Zejména to plati u extrémné
dlouhych alpskych dalniénich tunell, kde lze kvalitni informace ziskat
zpravidla teprve z horizontalnich prizkumnych dél realizovanych postup-
né z celby tunelu.

Nasledujici pfehled stru¢né uvadi hlavni témata piispévkd, tykajicich se této
problematiky.

« GEOTECHNICAL INVESTIGATIONS FOR THE MAURIENNE-AMBIN

BASE TUNNEL

Fabre D.
Popisuje metody a zplisoby geotechnického a inZenyrskogeologického pri-
zkumu pro 52 km dlouhy tunel na trase pripravované vysokorychlostni
zeleznice mezi Lyonem a Turinem. Jeho ohromna délka a umisténi ve vyso-
kohorském masivu Alp ¢ini i z prazkumu mimofadné slozity problém, na
jehoz spravném vyfeSeni zavisi Uspésnost realizace celé trati.

+ TUNEL VISNOVE

Matejéek A., Ondrasik R.
Jedna se o zhodnoceni a prognézu inzenyrskogeologickych pomérh z hle-
diska vybéru optimalniho feseni v etapé pfed vystavbou pravdépodobné
nejdelsiho délniéniho tunelu na Slovensku. Usek délnice D1 Vigkové -
kého, tak z environmentalniho hlediska v celé dalni¢ni siti Slovenské
republiky.

+ GEOTECHNICKY PRUZKUM PRO SITUOVANI TRASY SILNICNIHO
TUNELU V PROSTORU CERVENOHORSKEHO SEDLA V JESENIKACH
Pavlik J.

Realizace navrhovaného tunelu by pfinesla mimoradny prospéch celé
oblasti Jesenicka, které je doslova oddéleno od ostatniho lUzemi Ceské
republiky velmi obtizné prekonatelnou hradbou Jeseniki a Rychlebskych
hor, a to zvlasté v zimnim obdobi. Protoze by se v8ak jednalo o investi¢né
velmi naroény pocin, je optimalizace jeho trasy a délky zcela nevyhnutel-
znalostech o stavbé a vlastnostech horninového masivu, v némz by mél byt
tunel vyrazen. InZenyrskogeologicky a geotechnicky prizkum, umoznujici
spravné odpovédét na vSechny otdzky byl proto nutny jiz v této relativné
velmi éasné fazi pfipravy.

+ VYSLEDKY ELEKTRONICKEHO GEOMECHANICKEHO MONITORINGU
PRIESKUMNEJ STOLNE BRANISKO
Kripa V., Lazarova E.

Tunel Branisko je jiz téméf pfed dokonéenim. Prizkumna $tola, razena
v pfedstihu pfed hlavnim tunelem, avSak mimo jeho profil (v profilu
budouci paralelni druhé tunelové roury, jejiz realizace se v8ak predpoklada
teprve v horizontu dal$ich desitileti) byla sama o sobé vyznamnym tunelar-
skym dilem. Aplikace nové metody elektronického geomechanického
monitoringu pfi razbé této $toly dokazuje, ze pfi jejim vyuiiti lze ziskat
pro inZenyrskogeologické prognézovani novy, informaéné mimotadné
vyznamny nastroj.

« INZINIERSKOGEOLOGICKY, GEOTECHNICKY PRIESKUM FORMOU
PRIESKUMNEJ STOLNE PRE TUNEL OVCIARSKO
Matejéek A., Panek M., Rentka R., Pison J.

Dalsi z dlouhé fady prazkumnych dél na budoucich tunelech dalni¢ni sité
Slovenské republiky. Clanek shrnuje vysledky prizkumu, které umoznily
upfesnit zatfidéni jednotlivych usekd do klasifikaénich tfid podle ONORM
B 2203, stanovenych nejprve na zakladé povrchového prizkumu (geofyzika
a vrty) a pak podle skuteénosti, zjisténé pfi razbé Stoly. Kromé toho razba
Stoly odpovédéla na celou fadu dal$ich zdvainych otdzek, souvisejicich
s navrhem konstrukce a technologie vystavby budouciho tunelu, véetné
upfesnéni hydrogeologickych pomér( uzemi s ohledem na ovlivnéni masi-
vu realizaci prazkumnych praci.

« MECHANICAL PROPERTIES OF THE AMBIN GNEISS. CONSEQUENCES
FOR TUNNELLING
Fabre D., Barto$ P., Mayeur B., Miithlbauer M., Trtik P.

Pfispévek souvisi s prvnim pfispévkem tohoto tématu, podrobné rozehira
jeden z diléich vysledkd prizkumu provedeného pro tunel vysokorychlostni
zeleznice pod Alpami, a to uréeni zakladnich geomechanickych charakteris-
tik rul, v nichz bude toto dilo razeno a dlsledky téchto zjidténi pro navrh
konstrukce a zplsoh vystavby.

The following review shows briefly the main topics of the papers dealing
with this issue.

+ GEOTECHNICAL INVESTIGATIONS FOR THE MAURIENNE-AMBIN BASE
TUNNEL (A 52 KM LONG TUNNEL AT GREAT DEPTH, ON THE FUTURE
HIGH SPEED RAILWAY CROSSING THE FRANCO-ITALIAN ALPS)

Fabre D.

It describes methods and manners of geotechnical and engineering-geolog-
ical investigation for the 52 km-long tunnel on the alignment of the high-
speed railway between Lyon and Turin. Its inmense length and location in
the Alpine massif makes even the investigation extraordinarily complex
issue, whose correct solution is essential for the success of execution of the
whole railway track.

« THE VISNOVE TUNNEL - ASSESSMENT AND PROGNOSIS
OF ENGINEERING AND GEOLOGICAL CONDITIONS FOR AN OPTIMAL
CHOICE OF THE SOLUTION BEFORE THE COMMENCEMENT
OF THE TUNNEL CONSTRUCTION
Matejéek A., Ondrésik R.

It is an assessment and prognosis of engineering-geological conditions in
terms of the selection of an optimal solution in the stage before execution
of the construction of the likely longest motorway tunnel in Slovakia. The
D1 section of the Visnové - Martin motorway, whose part this tunnel is,
belongs to the most complicated from both technical and environmental
points of view within the overall motorway network in the Slovak Republic.

+ GEOTECHNICAL INVESTIGATION FOR THE CHOICE OF ALIGNMENT
OF A ROAD TUNNEL IN THE AREA OF THE CERVENOHORSKE SEDLO
PASS IN THE JESENIKY MOUNTAINS
Pavlik J.

Realisation of the proposed tunnel would bring a big benefit for the whole
region of the Jeseniky Mountains, which is literally separated from the
other area of the Czech Republic by a barrier of the Jeseniky and the
Rychleby Mountains, that is so hard to pass across, in winter above all.
Since it would be a deed very demanding for investment, the optimisation
of its alignment and length is a totally inevitable step, depending, above
all, on the best knowledge of the project and properties of the rock mass
which the tunnel is to be driven in. Therefore, the engineering-geological
and geotechnical investigation, making correct answers to all questions
possible, was necessary even at this relatively very early phase of prepa-
ration.

» THE RESULTS OF ELECTRONIC GEOMECHANICAL MONITORING
OF THE BRANISKO EXPLORATORY ADIT
Kriupa V., Lazarova E.

The Branisko tunnel is nearly before completion. The exploratory gallery,
driven in advance of the main tunnel but outside its profile (within the cross
section of the other planned parallel tube, the realisation of which is expect-
ed as late as in several decades) was an important tunnelling work by itself.
Application of a new method of electronic geomechanical monitoring in the
course of this gallery drive proves that its utilisation provides a new, from
the information point of view extremely important, tool for evaluation of
engineering-geological prognoses.

+ ENGINEERING AND GEOLOGICAL, AND GEOTECHNICAL SURVEY
FOR THE OVCIARISKO EXPLORATORY ADIT. COMPENDIUM
OF THE SURVEY OUTCOMES
Matejcek A., Panek M., Rentka R., Pisoii J.

Another of a sequence of exploratory works on future tunnels of the motor-
way network in the Slovak Republic. The article summarises the results of
investigation, which made precision of classification of individual sections
into classes according to the ONORM B 2203, determined first on the basis
of a surface investigation (geophysics and boring) and then according to the
reality determined on the gallery excavation. In addition, the gallery exca-
vation answered a number of other serious questions connected with the
proposal of the structure and technique of construction of the future tunnel,
including precision of hydrogeological conditions in the area with respect to
the influence of the exploratory work on the massif.

+ MECHANICAL PROPERTIES OF THE AMBIN GNEISS. CONSEQUENCES
FOR TUNNELLING
Fabre D., Bartos P, Mayeur B., Miihibauer M., Trtik P,

The paper is connected with the first paper on this topic. It analyses in detail
one of partial results of an investigation performed for a high-speed railway
tunnel under the Alps, namely determination of basic mechanical and
physical characteristics of gneiss in which this tunnel will be driven, and
consequences of those findings for the structural design and the way of the
works execution.
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TEMATICKY OKRUH B - VYZKUM,VYVOJ
A PROJEKTOVANI PODZEMNICH STAVEB

TOPIC B - DEVELOPMENT, RESEARCH, EXPLORATION
AND DESIGN OF UNDERGROUND STRUCTURES
(COMPILED BY PROF. ING. JIRI BARTAK, DrSc.]

Do tohoto tématického okruhu bylo zafazeno 24 piispévki s velmi rGznoro-
dou tematikou. Jednotlivé pfispévky pfinaseji vesmés velmi aktualni infor-
mace bud o fe§eni obecnéjsich problém( podzemniho stavitelstvi, nebo jsou
vénovany projektové pFipravé konkrétnich podzemnich staveb pfevéainé
dopravniho zaméfeni. | z tohoto faktu je zfejmé, jak naléhavou celospoleten-
skou potfebou je urychlené vyfeseni moderni dopravni infrastruktury, ktera
podmifiuje jak ekonomicky rozvoj spoleénosti, tak se na druhé strané stava
Gginnou ochranou zivotniho prostfedi v civiliza¢né exponovanych oblastech.

« NEMECKY PROJEKT B.O.T - FINANCOVANI VE DVOU PRIKLADECH

Prof. Dr. Ing Wolfgang Baltzer
Clanek popisuje zasady nového némeckého zplsobu privatniho financovéni
rozsahlych investi¢nich zamérd, tzv.B.0.T. systém. Konkrétni pouZiti systé-
mu je dokumentovano na dvou rozséhlych dopravnich a podzemnich stav-
bach v Rostocku a Libecku, na nichz byly ziskdny podstatné zkuSenosti
s bezpeénosti financovani a minimalizaci ekonomického rizika.

+ PROJEKT DALNICNIHO TUNELU SITINA V BRATISLAVE
Ing. Martin Bako$, CSc. - Ing. Jan Kusnir

Projektovy slovensky tunel Sitina je tvofen dvéma jednosmérnymi tunelo-
vymi troubami téméf 1,5 km dlouhymi. Razba tunelu bude probihat v poru-
genych granitickych horninach pod nizkym nadloZim, coz si vyZada néktera
specielni zajistovaci opatieni v ¢elbé tunelu. Velkd pozornost je vénovana
vétracimu systému, nebot hrozi nebezpeti trvalého poskozovani Zivotniho
prostfedi Mlynské doliny.

 TUNEL BORIK - NAVRH TECHNOLOGIE RAZBY

Ing. Martin Bako$, CSc. - Ing. Michal Maras, CSc. - Ing. Pavol Vavrek
Tunel Bérik je dalsim projektovanym slovenskym tunelem. Je opét tvoien
dvéma jednosmérnymi tunelovymi troubami délky cca 1,0 km. Pfiéné uspora-
dani tunelovych trub, které jsou zejména u zapadniho portalu v tésném kontak-
tu bez mezilehlého horninového pilife, je opét motivovano snahou o minimaln{
ovlivnéni zivotniho prostredi na Uzemi Tatranského narodniho parku.

« VLIV HYDRATACNICH PROCESU V MATERIALECH S CEMENTOVYM
POJIVEM NA VYVOJ NAPJATOSTI V TUNELOVYCH OSTENICH
Prof. Ing. Jiti Bartak, DrSc. - Ing. Jaroslav Pacovsky, CSc.
Pfevaina vétSina tunelovych osténi vyuzivd material s cementovym poji-
vem. V pribéhu hydrataéniho procesu, kterym ziskdva osténi svou nosnou
schopnost, dochazi k vyvinu tepla, objemovym zménam a napjatostnim pro-
jevim. Automatickd kontinualni méfeni hydratatnich proces( na tfech
vyznamnych tunelovych stavbach v CR poskytla zékladni informace o vyvo-
je napéti v tuhnoucim, tvrdnoucim a smrstujicim se tunelovém osténi.

 HLOUBENY TUNEL NA MESTSKEM OKRUHU ZLICHOV - RADLICKA
Ing. Radek Brokl - Ing. Eva Schreierova

Stavba Zlichov - Radlicka je souéasti praiského Méstského okruhu. Jedna se
o hloubeny tunel, ktery podchazi stavajici zelezni¢ni trat a ulice Na Zlichové
a Ke Sklarn&. Zelezobetonové konstrukce tunelu je budovana v oteviené
jdmé zajisténé kotvenym pazenim. Po vystavbé tohoto tunelu a pfilehlého
zelezniéniho mostu bude stavebni jama zasypéana a okolni prostiedi bude
vraceno do plvodniho stavu. Clanek poukazuje na problémy navrhu stavebni
jdmy a konstrukce tunelu a prezentuje zku$enosti ziskané pfi jeho vystavhé.

« NUMERICKA ANALYZA TLAKOVYCH UZAVERU PODZEMNIHO
ZASOBNIKU PLYNU PRIBRAM-HAJE
Ing. Marta Dolezalova
Podzemni zasobnik plynu Pfibram-Haje se podili vyznamnou mérou na skla-
dovacich kapacitach zemniho plynu v CR a i z celosvétového hlediska se
jedna o technicky unikatni dilo. Teoretické stanoveni napjatosti, deformaci
a prasakd tlakovymi uzavéry zasobniku bylo provedeno tfidimenzionalnim

This topic comprises 24 papers with very diverse themes. Individual papers
provide mostly very topical information either on solutions of more gener-
al issues of underground engineering, or they are focused on design prepa-
ration of particular underground projects, mostly traffic-related ones. It is
obvious even on the basis of this fact how pressing need for all society an
accelerated solution of modern infrastructure is. It is, on the one hand,
a precondition of economic development of the society and, on the other
hand, it becomes an effective protection of environment in the regions
exposed to effects of civilisation.

- GERMAN B.0.T. PROJECT - TWO EXAMPLES OF FUNDING

Baltzer W.
The article describes principles of a new German way of private funding of
large investment project (B.O.T. system). Specific use of the system is doc-
umented on two big traffic and underground projects in Rostock and
Liibeck, where substantial experience was gained of funding safety and eco-
nomic risk minimisation.

- DESIGN OF THE SITINA HIGHWAY TUNNEL IN BRATISLAVA
Bakos M., Kusnir J.

The designed Slovak tunnel Sitina consists of two one-way tunnel tubes
nearly 1.5 km long. The tunnel driving will be done through fractured
granitic rock, under a shallow cover, which fact will require some special
support measures at the tunnel face. A lot of attention is paid to the venti-
lation system as there is a threat of permanent damaging of environment in
the Mlynska valley.

- TUNNEL BORIK - DESIGN OF THE TUNNELLING TECHNIQUE
Bakos M., Maras M., Vavrek P.

The Bérik tunnel is another Slovak tunnel being designed. Again, it comprises
two one-way tunnel tubes about 1.0 km long. The cross-sectional disposition
of the tunnel tubes, which are, at the west portal above all, in a close contact
without an intermediate rock pillar, is again motivated by an effort to minimise
the effects on environment in the region of the Tatra Mountain national park.

« THE IMPACT OF HYDRATION PROCESSES IN MATERIALS WITH
CEMENT BINDER ON STRESS DEVELOPMENT IN TUNNEL LINING
Bartak J., Pacovsky J.

The major part of tunnel linings utilise a material with cement binder.

During the hydration process, through which the lining gains its bearing

capacity, development of temperature, volume changes and stress states

occur. Automatic continual measurements of the hydration processes on
three significant tunnel constructions in the CR provided basic information
about stress development in setting, hardening and shrinking tunnel lining.

« CUT AND COVER TUNNEL AS A PART OF THE CITY RING ROAD
ZLICHOV-RADLICKA
Brokl R., Schreierova E.

The Zlichov-Radlicka construction is a part of the Prague city ring road. It is
a cut-and-cover tunnel passing under an existing railway track and under Na
Zlichové and Ke skidrné streets. The reinforced concrete tunnel structure is
being built in an open cut supported by anchored lagging. After completion
of this tunnel and an adjacent rail bridge, the pit will be backfilled and the
surrounding environment will be returned to the original condition. The arti-
cle points to problems of a proposal of a construction pit and a tunnel struc-
ture, and presents the experience gained in the course of the construction.

« NUMERIC ANALYSIS OF THE CLOSURE SYSTEM OF THE HAJE
UNDERGROUND GAS STORAGE
Dolezalova M.

The underground storage Piibram-Haje has a significant share of natural
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fesenim metodou koneénych prvkl. Matematické modelovéani podpofilo
z4mér zvétdeni rozmérud tlakovych zatek oproti hodnotam staticky nutnym
z ddvodu vodo- i plynonepropustnosti a zivotnosti zatek. Tlakové zkouSky
prokazaly vysokou spolehlivost zatek z hlediska tinosnosti a dobrou shodu
skuteénosti s hodnotami predikovanymi matematickym modelem.

« KOLEKTORY V CENTRU PRAHY - VLIV VYSKOVE POLOHY NIVELETY
NA NAVRH A REALIZACI STAVBY
Ing. FrantiSek Dvofak

Ptispévek je vénovan problematice vyskového umisténi kolektord v méstské
zastavbé. Limitujicim prvkem koncepénich i navazujicich konstrukénich
FeSeni je vazba na prostorovou polohu kanalizaénich stok, které jsou pokla-
dany v prevazné vétsiné piipadd {spolu s kabelovymi trasami) za nedotknu-
telné. Podrobné jsou rozebrany klady a zapory mélkého a hlubokého vedeni
kolektord a nastinény problémy vlastni realizace.

« MESTSKY OKRUH HLAVNIHO MESTA PRAHY - TUNELOVE STAVBY NA
SEVEROZAPADNIM SEGMENTU MO V USEKU MYSLBEKOVA - PELC TYROLKA
Ing. Josef Dvoiak - Ing. Vaclav Krch - RNDr. Josef Vorel - Ing. Josef Kutil

PFispévek podava obsainou informaci o projektované ¢asti Méstského okru-
hu v Praze v useku Myslbekova-Pelc Tyrolka. Popis inZenyrskogeologickych
a hydrogeologickych pomé&rd a navrhované tunelovaci technologie v jedno-
tlivych znaéné odlisnych partiich popisovaného tseku ukazuji na mimofad-
nou technickou ndroénost vystavby tfetiho a nejdel$iho tunelu (délka
cca 5,0 km) v zapadnim sektoru MO.

« BEZPECNOST STAVEB PROTI SEISMICKEMU ZATIiZENi V RUMUNSKU
Prof. Dr. Eng. Virgil Fierbinteanu - Eng. Viorica Ciugudean-Toma-
-Eng. Ovidiu Arghiroiu
Pfispévek je vénovan problematice odezvy osténi podzemnich drah, silnié-
nich a Zelezniénich tunelli na seismicka zatiZzeni zplsobena zemétiesenim.
Pfi vypottu bezpetnosti osténi proti poruseni seismickym zatiZzenim je
z4sadni ddraz kladen na komplex geotechnickych podminek, které charakte-
rizuji horninovy masiv, v némz je podzemni dilo realizovéno.

- PROJEKTOVE RESENI A JEHO VLIV NA HOSPODARNOST

A BEZPECNOST VYSTAVBY A PROVOZU TUNELU BRANISKO

Ing. Miloslav Frankovsky - Ing. Pavol Kusy, CSc.
Vystavba silni¢niho tunelu Branisko je prvni aplikaci NRTM na Slovensku.
Tento 5 km dlouhy tunel je soucasti vladniho programu vystavby sloven-
skych délnic. Vystavba zatala razbou z obou portall v roce 1997. Tunel byl
proraien po dvou letech pfevainé pomoci trhacich praci. V druhé poloviné
roku 1999 zadala prace na izolacich a na sekundarnich osténich. Ukoné&eni
praci se pfedpokiada v roce 2002. V tomto &lanku jsou popisovany zkuse-
nosti s detailnim navrhem konstrukce, které budou nepochybné uplatnény
pfi vystavbé dalsich tunelll ve SR.

« TUNELY ZAKLADNIHO KOMUNIKACNIHO SYSTEMU MESTA BRNA
Jaroslav Hanak - Jifi Pavlik

V souéasné dobé se zakladni komunikacéni systém mésta Brna sklada ze
dvou tunell provadénych v rozdilnych geologickych podminkéach, coz zpd-
sobuje odli$nost v jejich konstrukei. Centralni ¢ast tunelu ,Prazska radiala”,
ktery byl dokonéen v zafi 1998, byl razen pomoci NRTM a jeho men§i &asti
byla provadény jako hloubené. Tato technologie byla aplikovana pfi realiza-
ci celého tunelu ,Kohoutova”, ktery byl uveden do provozu v prosinci roku
1998. V ¢&lanku jsou podrobné popsany geologické podminky u obou tune-
1d, které vyznamné ovlivnily vybér pouzitych technologii.

» TUNELY NA EXPRESNIM SILNICNIM OKRUHU KOLEM PRAHY
Ing. Miroslav KopFiva - Ing. Frantiek Stasta

Expresni silniéni okruh kolem Prahy mé mimofadny vyznam pro pfevedeni
vnitrostatni i mezinarodni dopravy mimo zastavénou oblast mésta. V jiznim
sektoru expresniho okruhu dojde k propojeni délnic D1 a D5, nutnym pfed-
pokladem je vybudovéani naroénych mostnich a tunelovych staveb.
Ptispévek popisuje komplexné navrhové parametry tuneld Slivenec-
Lahovice a Lahovice-Vestec celkové délky cca 3,5 km.

« POHLED INVESTORA SILNICNICH A DALNICNICH STAVEB

NA PODZEMNi STAVBY - PROBLEMY V PROCESU PRIPRAVY

Ing. Petr Lau$man - Ing. Karel Nechmat¢ - Ing. Milo$ Vizner
Clanek osvtluje problematiku pfipravy podzemnich staveb na silni¢nich
a dalniénich komunikacich z hlediska investora stavby. Jsou rozebrany
obecné i konkrétni problémy investorské pfipravy a ndzorné dokumentova-
ny dva pfiklady z vystavby délnice D5.
- 1/42 BRNO - TUNELY DOBROVSKEHO 1 A I

Ing. Jifi Pechman - ing. Vlastimil Horak

V Brné je postupné budovan Velky méstsky okruh, ktery pfevede silniéni
dopravu z radidlnich smér( na méstsky okruh, ¢imzZ dojde k dopravnimu

gas storing capacities in the CR, and, even from the world-wide standpoint,
it is a technically unique structure. Theoretical determination of stress,
deformations and water leakage through the pressure plugs was carried
out by a 3D solution using the finite element method. Mathematical mod-
elling supported the intention to increase the sizes of the pressure plugs
compared with the values necessary from the statics point of view with the
aim of securing watertightness and gastightness of the plugs. Pressure
tests proved a high reliability of the plugs regarding bearing capacity, and
a good matching of reality with the values predicted by means of the math-
ematical model.

« UTILITY TUNNELS IN THE PRAGUE CITY CENTRE - THE INFLUENCE

OF VERTICAL ALIGNMENT LEVEL ON THE DESIGN AND

IMPLEMENTATION OF THE STRUCTURE

Dvofak F.
The paper deals with the issue of the level positioning of utility tunnels in
urban setting. The limiting member of conceptual and following structural
solutions is represented by the linkage to the spatial position of sewers,
which are mostly considered (together with cable routes) as untouchable.
The paper analyses in detail pros and cons of a shallow and a deep routing
of utility tunnels, and outlines problems of the realisation proper.

« PRAGUE CITY ROAD CIRCLE IN THE MYSLBEKOVA - PELC

TYROLKA SECTOR

Dvorék J., Krch V., Vorel J., Kutil J.
The paper gives a comprehensive information on the part of the city road cir-
cle, being designed, in the Myslbekova - Pelc Tyrolka sector. The description
of engineering-geological and hydrogeological conditions and technique
proposed in individual, very differing, parts of the section described
indicates a very demanding technical complexity of construction of the third
tunnel (the longest one - about 5.0 km) in the western sector of the ring road.

« SEISMIC SAFETY OF UNDERGROUND STRUCTURES IN ROMANIA
Fierbinteanu V., Ciugudean-Toma V., Arghiroiu O.

The paper deals with the issue of the response of a lining of underground

works, road and railway tunnels to seismic loading caused by earthquakes.

In calculating a lining safety against damages due to seismic loading,

a principal stress is put on a complex of geotechnical conditions, which

characterise a rock mass, which a tunnel is being realised in.

- DESIGN OF THE BRANISKO TUNNEL AND ITS INFLUENCE ON THE ECON-
OMY AND SAFETY OF THE TUNNEL CONSTRUCTION AND OPERATION
Frankovsky M., Kusy P.

The construction of the Branisko tunnel represents the first application of the

NRTM in Slovakia. This 5 km-long tunnel is a part of a governmental program of

construction of Slovak highways. The construction commenced by excavation

from both portals in 1997. The tunnel holed through two years later, mostly
using drill and blast. The work on insulation and secondary lining started in the
second half of the year 1999. Completion of the works is expected in the year

2002. This article describes the experience of detailed designing of the structure,

which , no doubt, will be applied on the construction of other tunnels in the SR.

« THE TUNNELS OF THE BASIC COMMUNICATION SYSTEM OF THE
BRNO CITY
Hanék J., Pavlik J.

Currently, the Brno City basic communication system comprises two tunnels
being executed in different geological conditions, which fact causes a differ-
ence in their structure. Central part of the PraZska Radidla tunnel, which was
completed in September, 1998, was driven by the NRTM, and its shorter sec-
tions were executed by cut-and-cover. This technique was applied in execu-
tion of the whole tunnel Kohoutova, which was commissioned in December,
1998. The article describes in detail geological conditions of the both tun-
nels, which affected significantly the choice of the techniques used.

- TUNNELS ON THE PRAGUE EXPRESS ROAD CIRCLE
Kopfiva M., Stasta F.

The Prague express road circle is extraordinarily important for transfer of domes-
tic and international traffic outside developed area of the city. The motorways D1
and D5 will be interconnected in the southern sector of the express circle.
Construction of demanding bridge and tunnel structures is a prerequisite for that
work. The paper describes in detail design parameters of the Slivenec-Lahovice
and Lahovice-Vestec tunnels, with the overall length of 3.5 km.

- ROAD AND HIGHWAY CONSTRUCTION CLIENT'S VIEW OF UNDER-
GROUND STRUCTURES - PROBLEMS DURING THE PREPARATORY
PHASE
Ing. Petr Lausman - Ing. Karel Nechmac - Ing. Milo§ Vizner

The article explains the issue of planning of underground structures on

roads and highways from client's point of view. It explicates common and
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uvolnéni centra. V soufasné dobé probihaji ptipravné projekéni prace
na severni Casti brnénského silnitniho okruhu. V méstské ¢asti Kralovo
Pole budou pod hustou zastavbou prochazet dva soub&iné tunely délky
cca 1,2 km. Obtize vystavby mohou pramenit z typu geologického prostiedi,
nebot oba mélce uloZené tunely budou raZeny v neogennich jilech. Prispévek
podrobné popisuje projektované parametry tunelu, technické provedeni
jeho vystavby a provozni vybaveni.

+ VYZTUZENI CELBY TUNELU U HLUBOKYCH TUNELU

Danielle Peila - Pier Paolo Oreste - Sebastiano Pelizza
Prispévek je vénovan velmi frekventované problematice stability tunelové
celby. Tento stabilitni aspekt musi byt feen zejména v souvislosti s meto-
dami oznatovanymi souhrnné jako PLS (Pre-Lining Systém), k nimz patfi
nejvyraznéji metoda obvodového vrubu s pfedklenbou a horizontalni pfed-
klenba vytvofend tryskovou injektazi. Z tiidimenzionalniho feseni modeld
s rdznou hustotou svornikové vystroje v &elbé tunelu byly ziskany poznatky,
které jsou predlozeny k diskusi a daldimu rozvijeni.

+ MATEMATICKE MODELOVANI VLIVU SVORNIKU NA NAPJATOST

A DEFORMACE HORNINOVEHO MASIVU

Dr. Ing. Jan Pruska
Svorniky jsou jednim z nejpouzivanéjsich vyztuznych prvki pfi tunelovani.
Tento pfispévek ve své prvni ¢asti popisuje analytické postupy, které umo3-
nuji definici charakteristické kfivky horninového prostiedi a horniny se
svornikovou vystroji. Ve druhé ¢asti pfispévku je popisovano modelovani
systému svornikové vystroje zaloZené na Aydanové teorii a modelovani
systému svornikové vystroje pii poufiti metody oddélenych prvki (UDEC).

+ VLIV RAZBY TUNELU NA POVRCHOVE DEFORMACE

Doc. Ing. Alexandr Rozsypal, CSc.
Namétem tohoto pfispévku je pfedpovéd povrchového sedani nad mélce ulo-
Zenymi tunely a odpovidajici reakce povrchové zastavby. Specielni d{iraz je kla-
den na metodu ,objemové ztraty zeminy”. V ¢lanku jsou uvedeny nazorné doku-
mentované pfiklady aplikace této metody na razbu prazského tunelu Mrazovka.

« TUNEL ,BREZENSKY” NA PRELOZCE ZELEZNICNi TRATI BREZNO

U CHOMUTOVA - CHOMUTOV. PROJEKTOVA PRIPRAVA A PRUZKUM

PRO STAVBU NEJDELSIHO TUNELU V SiTI GESKYCH DRAH

Ing. Roman Smida - Ing. Radek Brokl - Ing. Eva Schreierova
Vzhledem k potfebé uvolnit dosud netézené zasoby uhli je nutno provést
pfelozku Zelezniéni trati v Useku Chomutov - Bfezno u Chomutova. Z fady
variantnich vedeni na trase délky 7,1 km bylo pouzito fegeni tunelové (délka
tunelu cca 1,75 km). Tunel bude razen ve sloZitych geologickych pomérech
jilovitého masivu s vyuzitim metody obvodového vrubu s predklenbou.
Prispévek podrobné hodnoti obtizné podminky vystavby a popisuje okol-
nosti vybéru konkrétni tunelovaci metody.

» TUNEL HORELICA - SLOVENSKO
Ing. Jifi Svoboda - Ing. lvan Gabrys - ing. Kamil Novosad

Tunel Horelica je soutasti dalnice D 18 v Uiseku Kystické Nové Mesto - Skalité
a bude souéasti dopravniho koridoru IV. transevropské sité ve sméru sever -
jih. Tunel Horelica je 605 m dlouhy dvoupruhovy tunel, ktery bude realizovén
ve sloZitych geotechnickych a hydrogeologickych podminkach karpatského
flySe aplikaci NRTM. Nejslozitéjsi ¢ast vystavby bude u zapadniho portalu
.Cadca” s Fadou aktivnich i potencialnich sesuvi. Zahezpeceni svahd portélu
je navrzeno pomoci kotvenych Zelezobetonovych stén s viceetaZovou sou-
stavou odvodiovacich vrt(i.

« KOLEKTOR CENTRUM I.A - TRASA VODICKOVA ULICE
Ing. Jifi Svoboda - Ing. Pavel Poloprudsky - Ing. Otakar Fabian

Clanek pojednava o siti kolektori prochazejicich centrem Prahy v oblasti
ulic JindFidska, Voditkova, Vaclavské a Karlovo namésti. Podava zakladni
informace o geologickych podminkach, popisuje zékladni tunelovaci meto-
dy ve slozitych geologickych podminkach a navrh konstrukéniho systému.
Mimofadné naroéné dilo je sledovano komplexnim monitoringem na povr-
chu tzemi, zastavbé i v podzemi.

+ JEDNOPLASTOVE TUNELOVE OSTENI SPOJOVANE

POMOCI AUTOKONEKTORU

Ing. Martin Srb - Ing. Ermin Stehlik
Vétsina tunell provadénych pomoci TBM je v soudasnosti provadéna
z prefabrikovanych betonovych segmentovych osténi jednoplagtového
typu. Tyto systémy osténi vyhovuji fadé pozadavkd, po&inaje primyslo-
vou vyrobou, racionelni dopravou a manipulaci a montasi s vysokou
pfesnosti, zaruGujici vodotésnost a konstrukéni funkénost. Jednou
z duletitych charakteristik je zplsob spojovani segmentd v pfiéném
a podélném sméru. PouZiti autokonektord v téchto spojich garantuje
vysokou geometrickou pfesnost instalovaného osténi i vysokou rychlost
jeho montaze.

particular issues of employer’s preparation, and documents graphically two
examples from the D5 motorway project.

- 1/42 BRNO, VMO - THE DOBROVSKEHO | and Il TUNNELS

Pechman J.,Horék V.
There is the Big City Ring Road being built gradually in Brno, which will
transfer road traffic from radial directions to the city ring road, which will
provide some relaxation of the traffic in the centre. Currently, preparatory
design work on the northern part of the Brno ring road is in progress. In the
Kralovo Pole district, two parallel tunnels about 1.2 km long will pass under
the dense settlement. Difficulties of the construction can stem from the type
of geological environment, as both shallowly positioned tunnels will be dri-
ven in Neogeneous clays. The paper describes in detail the design parame-
ters of the tunnel, technical performance of its construction, and opera-
tional equipment,
» TUNNEL REINFORCEMENT IN DEEP TUNNELS

Pelizza S., Peila D., Oreste F.P.
The paper deals with the frequently discussed issue of stability of a tunnel
face. This stability aspect must be solved, above all, in the context of the
methods marked collectively as the PLS (Pre-lining System), the most dis-
tinct of which is the peripheral siot pre-cutting method with a pre-vault, and
a horizontal pre-vault created by jet grouting. The knowledge gained from
3D modelling with various density of rockbolt support in a tunnel face are
brought up for a discussion and further development,

« MATHEMATICAL MODELLING OF THE EFFECTS OF ROCK BOLTS TO
THE ROCK MASS STRESS-STRAIN STATE
Pruska J.

Rockbolts are one of most used support elements in tunneliing. This paper
describes in its first part analytical procedures enabling creation of a defin-
ition of the characteristic curve of a rock environment and of a rock with
rockbolt support. The second part of the paper describes modelling of a sys-
tem of rockbolt support based on Aydan's theory and modelling of a system
of rockbolt support, using the UDEC (the method of separated elements).

« INFLUENCE OF TUNNELLING ON SURFACE SUBSIDENCE

Rozsypal A.

The topic of this paper is a forecast of the surface settlement above shal-
lowly seated tunnels, and corresponding reaction of surface buildings.
A special stress is laid on the method of “soil volume loss”. The article pre-
sents graphically the documented examples of application of this method
on the Prague Mrazovka tunnel excavation.

- THE BREZNQO TUNNEL ON THE DIVERSION OF THE RAILWAY LINE
BREZNO U CHOMUTOVA - CHOMUTOV. DESIGN PREPARATION AND
SURVEY FOR THE LONGEST TUNNEL IN THE CZECH RAILWAYS
NETWORK
Smida R., Brokl R., Schreierové E.

With respect to the need of making still not extracted coal depositions
accessible, it is necessary to divert a railway track within the section
between Chomutov and Bfezno u Chomutova. Out of a number of variant
routes along the 7.1 km-long alignment, a tunnel solution has been used
(the tunnel length about 1.75 km). The tunnel will be driven in difficult
geological conditions of a clay massif, using the peripheral slot pre-cut-
ting method. The paper assesses in detail complex conditions of the con-
struction, and describes the circumstances of the tunnelling method
selection.

» HORELICA TUNNEL AS A PART OF THE MOTORWAY D18
IN THE SLOVAK REPUBLIC
Svoboda J., Gabrys I., Novosad K.

The Horelica tunnel is a part of the D18 motorway in the section between
Kysické Nové Mésto - Skalité, and it will be a part of the traffic corridor IV
of the trans-European network in the north-south direction. The Horelica
tunnel is a 605 m-long, double-lane tunnel, which will be realised in com-
plex geotechnical and hydrological conditions of the carpathian flysch
using the NATM. The most complex part of the construction will be at the
west portal “Cadca” with a number of both active and potential landslides.
Securing slopes at the portal has been designed by means of anchored rein-
forced concrete walls with several levels of drainage bores.

» COLLECTOR CENTRE I.A - LINE VODICKOVA STREET, PRAGUE
Svoboda J., Poloprudsky P, Fabian O.

The article deals with the utility tunnels network passing through the
Prague downtown in the area of Jindtisské and Vodickova streets and
Wenceslas and Karlovo squares. It provides a basic information on geolog-
ical conditions, describes basic tunnelling methods used in the difficult geo-
logical conditions, and the design of the structural system. This extraordi-
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« NAPJATOST V HORNINOVEM MASIVU PRED RAZENIM TUNELU

Doc. Ing. Jaroslav Vacek, DrSc.
MéFeni ,in situ” ukazuje, Ze pfed razbou tunelu je v 70 % pfipadl horizon-
talni napéti vétsi nez vertikalni. V 15 % pfipad( jsou obé napéti stejna
a v 15 % pfipadd je vertikalni napéti vétsi. To mize byt vysvétlovano vysky-
tem tektonickych sil, které jsou disledkem pohybu jednotlivych tektonickych
desek. Prispévek je vénovan rozboru tohoto problému v globalnim méfitku.

TEORIE SVORNIKOVE VYSTROJE

Roman Zavjalov - Nikolaj Bulychev
V tomto ¢lanku jsou popisovany metody matematického modelovani
a vypoéty svornikové vystroje v Sachtach a tunelech kruhového tvaru,
vychazejici z pfedpokladu, Ze svornikova vystroj a okolni horninové pro-
stiedi jsou soucasti spolecné se deformujiciho systému. Metoda umozZiuje
navrh a vypocet svornikové vystroje pro statické i dynamické zatizeni.

« NAVRH OSTENI V BOBTNAVYCH HORNINACH

DALNICNIHO TUNELU PRACKOVICE

Ing. Jaromir ZIdmal
Tunel Prackovice na dalnici D8 v Useku Lovosice - Rehlovice byl pavodné
navrzen ve tfech variantach a po jejich dikladném ekologickém a ekonom-
ickém zhodnoceni byla vybréna varianta prochdazejici Prackovickym lomem.
Horninu tvofi ¢edice obsahujici montmorillonit, ktery zpGsobuje bobtnani
horniny, coZ bylo problémem pro staticky vypocet sekundérniho osténi,
které bylo nutno navrhnout na takovéto specielni zatizeni.

narily demanding project has been checked by complex monitoring of the
ground surface, buildings and underground.

» SINGLE PASS SEGMENTAL LINING USING AUTOCONNECTORS.
WORLD EXPERIENCE AND PROSPECTS IN THE CZECH REPUBLIC
Srb M., Stehlik E.
Most of the tunnel constructions executed by means of TBMs are currently
built using prefabricated concrete segmental lining of a single pass type.
Those systems suit to a number of other requirements, starting with indus-
trial production, rational haulage and installation with a high degree of pre-
ciseness guaranteeing watertightness and structural functionality. One of
important characteristics is the way of connecting segments in transversal
and longitudinal directions. The use of autoconnectors in these joints guar-
antees a high geometrical accuracy of the installed lining and quick assem-
bly of segments.

« STRESS STATE OF ROCK MASS BEFORE A TUNNEL DRIVING
Vacek J.

In-situ measurement shows that for 70% of the cases horizontal stress is

higher than the vertical one before a tunnel excavation. For 15% of the
cases, both stresses are identical, and for 15% of the cases vertical stress is
higher. This can be explained by occurrence of tectonic forces, which are a
result of movement of individual tectonic plates. The article deals with an
analysis of this problem in a global scale.

« THEORY OF ROCK BOLT SYSTEM DESIGN
Zavjalov R., Bulychev N.

This article describes methods of mathematical modelling and calcula-
tion of rockbolt support in shafts and tunnels with circular cross section,
based on a premise that the rockbolt support and surrounding rock mass
are a part of a jointly deforming system. The method renders the design
and calculation of a rockbolt support possible for static and dynamic
load.

» THE LINING PROPOSAL IN SWELLING ROCKS FOR THE HIGHWAY
TUNNEL PRACKOVICE
Zlamal J.

The Prackovice tunnel on the D8 highway in the Lovosice-Rehlovice section
had originally been designed in three variants, and, after a thorough eco-
logical and economic consideration, the variant passing through the
Prackovice quarry was chosen. The rock is formed by basalts containing
montmorillonite, which causes swelling of the rock. This fact was a problem
for the static calculation of secondary lining, which had to be designed for
such the special load.

B
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TEMATICKY OKRUH C: PROVADENi A VYBAVENI PODZEMNICH STAVEB

TOPIC C: IMPLEMENTATION AND EQUIPMENT OF UNDERGROUND STRUCTURES
(COMPILED BY ING. PETR VOZARIK)

V tematickém okruhu je zahrnuto 18 prispévki, které je mozno rozdélit do
dvou zakladnich skupin

- realizacni technologie razenych podzemnich staveb

- technologické vybaveni dopravnich tunel(

Problematika prvni skupiny se zaméfuje na vlastni raieni nebo cinnosti
navazujici na véechny druhy razenych dél od $tol a tunelll az ke kavernam.
Druha skupina je pfedevéim zaméfena na technologickou vybavenost,
metodiku navrhovani a analyzu velmi aktualnich problémd spojenou s poza-
ry v tunelovych stavbach.

Dale je uvedena charakteristika jednotlivych pfispévka :

- KOLEKTOR PRIKOPY
Petr Papez
Do konce r. 2000 pfibude do kolektorové sité Prahy dalsi vyznamny Usek
a to Kolektor Pfikopy vybudovany firmami Subterra a.s. a Metrostav a.s.
Zasadni technologickd problematika pii vystavbé tunelovych liniovych
objektl uloZzenych v hloubce 10-14 m by se dala shrnout do nésledujicich
bod, které se rozebiraji v prispévku:
- zajisténi nadloZi systémem ochranné obalky
- ochrana proti spodni vodé Upravami vodotésného betonu tésnicimi pasy
- ochrana poskozenych inz. siti v nadlozi
- omezeni vlivu kodlivych vlivi na okolni prostredi
- VYUZITI TRYSKOVE INJEKTAZE PRO ZAJISTENI RAZEB KOLEKTORU
V CENTRU PRAHY
Ing. Martin Cejka, Ing. Jifi Mihl
Nejdulezitéjsi ze zavainych technickych problémi pfi stavbé uliéni kolekto-
rové sité pfi nesoudrzném nadlozi je jeho zajisténi. Pfi vystavbé v Praze se
osvédcila metoda vytvareni ochranného destniku nad kalotou tryskovou
injektazi. Autofi popisuji zplisoby vytvafeni destniku ze sloupd tryskové
injektaze a to jak pfi provadéni vrtd z razeného dila, tak i z povrchu. V takto
zajisténém prostiedi bylo vyrazeno bezpecné pres 1500 m kolektorovych tras.
+ STABILIZACE PODZEMNICH DEL APLIKACI AT-SYSTEMU A NOVYCH
TYPU KOTEV
Dipl. Ing. Josef Mocivnik, Ing. Tomas Zdrazila
Nové presentovand metoda pfispiva k fedeni problematiky zpevnéni a pod-
chyceni horniny v oblasti provadéného dila. AT systém dovoluje firmam
provadét vrtné prace s okamZitym zajisténim otvoru ocelovymi painicem
i v nestabilnich horninach. Vyhody hlavné s pouZitim mfizové vypaznice se
dokladuji pfi vystavbé tunelu Fernthal na Zelezniénim koridoru Kéln-Rheim.
- POKROK V RESENI A VYSTAVBE RAZENYCH KANALIZACNICH SBERACU
Ing. Jifi Bélik, Ing. Josef Kratky
Nové budovany 2,8 km dlouhy kanalizaéni sbéraé ,P” v oblasti jihozapadniho
mésta v Praze 5 byl navrien i realizovan s respektovanim zasadnich poZadav-
ki a kritérif soutasné doby a technickych znalosti technologii a materiald.
Cléanek popisuje zkusenosti hlavné z vystavby razenych usekd technologif
NATM s pouzitim strojl s frézou Alpine Miner F6 a Dosco 2 MK. Také fese-
ni konstrukce definitivniho vystrojeni shérage troubami HOBAS 2000 bylo
velmi specifické a i ve svété ojedinélé.
GEOTEQHNICKA MERENI PROVADENA BEHEM VYSTAVBY DEFINITIVNIHO
OSTENI NOVEHO USEKU SBERACE ,P”
Ing. Jaroslav Pacovsky, CSc., Ing. Augustyn Adamek, Ing. Petr Senk:
Definitivni osténi shérace je provadéno s vyusitim trub HOBAS DN 2000.
Béhem vystavby je provadéno observaéni méfeni nardstu tlaku puklinové
vody na osténi a méfeni vyvoje napjatosti v ostdni shérade.
Prib&h méfeni potvrdil obnoveni pfirodniho rezimu spodnich vod. Pevnosti
napéti v popilko-cementovém betonu nedosahuji hodnot pevnosti v tlaku

This topic comprises 18 papers, which can be sorted out into two basic
groups:

- implementation techniques of driven underground structures

- technical equipment of transport-related structures

The issues of the first group are focused on excavation proper or on activities
connected with all kinds of mined works, from adits and tunnels through caverns.
The other group is, above all, focused on technical equipment, methods of design-
ing, and analysis of very topical problems relating to fires in tunnel structures.

The characteristics of individual papers:

« THE UTILITY TUNNEL “PRIKOPY'" IN PRAGUE
PapeZ P,
Another important section will be added to the Prague utility tunnels net-
work by the end of the year 2000, namely the Prikopy utility tunnel, built by
Subterra a.s. and Metrostav a.s.
Basic technical issues of tunnel line structures construction located at the
depth of 10-14 m, could be summed up into following items, which are dealt
with in the paper:
- support of overburden by a system of a protective envelope
- protection against ground water by covering water-retaining concrete with
sealing sheets
- protection of damaged utility services in overburden
- limitation of harmful effects on surrounding environment
» USING THE JET-GROUTING METHOD FOR THE SUPPORT OF EXCAVATI-
ONS OF UTILITY TUNNELS IN PRAGUE
Cejka M., Miihl J.
The most serious technical problems of construction of street utility tunnels
network under incohesive overburden is in support of an excavation. In Prague,
the method consisting in creation of a protective umbrella above top head-
ing by jet grouting has been proved. The authors describe techniques of cre-
ation of the umbrella consisting of jet grouted piles, both in boring from the
works being driven and from the surface. Over 1500 m of utility tunnels have
been excavated in ground supported by this manner.
- STABILISATION OF UNDERGROUND WORKS BY MEANS
OF THE AT-SYSTEM AND OF NEW TYPES OF ROCK BOLTS
Mocivnik J., Zdrazila T.

This newly presented method contributes to the solution of the issue of
ground stabilisation and support in the area of works being executed.
The AT-system allows companies to perform drilling work with an immedi-
ate support of the hole with steel casing in unstable ground. Advantages,
when grill casings are used above all, are documented at the Ferntal tunnel
construction on the Cologne-Rheim railway corridor.
» PROGRESS IN DESIGN AND CONSTRUCTION OF DRIVEN SEWERS

Bétik J., Kratky J.
The collecting sewer “P”, being newly built in the area of south-western city
in Prague 5 was disigned and realised with respecting basic requirements and
criteria of today, and technological knowledge of techniques and materials.
The article describes the experience mostly of the construction of driven sections
by the NATM technique with Alpine Miner F6 and Dosco 2 MK roadheaders.
Also the solution of the final lining structure of the sewer using HOBAS
2000 pipes was very specific, and exceptional in the world.
+ GEOTECHNICAL MEASUREMENTS PERFORMED DURING ERECTION OF

THE FINAL LINING OF THE “P” SSEWER NEW SECTION

Pacovsky J., Adémek A., Senk P

Final lining of the sewer has been built using HOBAS DN 2000 pipes. During
the construction, observational measurement of increasing pressure head

——
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materialu a deformatibilita trub Hobas umoziuje redistribuci zatizeni v osténi.

+ RAZBA STOL V OBTIZNYCH GEOTECHNICKYCH PODMINKACH

Ing. Otakar Vrba - SG-Geotechnika
Autor provedl analyzu problematiky razby $tol ve méstech se zastavbou rea-
lizovanych v poslednim desetileti. Charakteristickym znakem vsech pod-
zemnich dél byla mala mocnost nadlozi a malo pfiznivé az zcela nepfiznivé
geotechnické podminky raZeni. Kvalifikaénim rozborem a zhodnocenim
v ¢lanku dochazi k zavérim, ze i ve velmi nepfiznivych podminkach Ize
Uspésné realizovat razené Stoly inZ. siti. ZkuSenosti vak zvyhodniuji speci-
elni technologie (§titovani a mikrotunelovani) pfred klasickou razbou. Dalsi
dilezitou podminkou je uvazlivy a peclivy geotechnicky monitoring a stej-
né tak i prizkum pfi pfipravé fazi projektu.
« POZNATKY Z RAZENIA PRIESKUMNEJ STOLNE PRE TUNEL VISNOVE

V TEKTONICKY PORUSENYCH ZONACH MALEJ FATRY

Ing. Robert Turansky, Dr. Anton Matejéek
Tato prizkumnd $tola v délce 7477 m se razi ze dvou portald. RaZeni
od zapadniho portalu probiha dle zdsad NRTM do délky 1871 m v profilu
10,7 m2 Od vychodniho portalu se razeni uskuteéiuje pomoci plnoprofilo-
vého raziciho stroje ATB 35 HA s primérem hlavy 3,5 m. Pivodni masiv je
charakterizovany vy$$im stupném uvolnéni v zénach regionalnich tektonic-
kych poruch, které jsou dilem alpinského vrasnéni nebo pozdéjsim vyvojem
zlomové tektoniky. Geologické i hydrogeologické nepfiznivé podminky se
potvrdily hlavné pfi razbé razicim strojem v masivu krystalinika, coz zapfici-
nilo vytvofeni nékolika vaznych zavall s kavernami a s vyraznym pfitokem
vody az 90 I/sek’. (V soucasné dobé ve Stole celkové 190 I/sek’).
Dodavatelim, investordm i projektantdm stavajici zkusenosti poskytuji
dilezité poznatky o geologické stavhé pro vybér technologii a konstrukce na
navrhovany dalniéni tunel.
 RAZENI TUNELU EUERWANG Z JIZNIHO PORTALU

NBS NORIMBERK-INGOLSTAND

Ing. Miloslav Zelenka
Zelezniéni tunel Euerwang na trati ICE Norimberk-Ingolstat je svymi 7,7 km
nejdel§im razenym tunelem této trasy. Metrostav a.s. provadi razbu 1,834
m metodou NATM z jizniho portalu a to pfevainé za pomoci trhaci prace
béznou strojni sestavou. | pfi snaze udrZeni pfijatelnych vlastnich nakladd,
bylo dosazeno pozoruhodnych vysledkd napf.v kaloté 70 m? se dosahovalo
denniho postupu 8-9 m {(max. 11 m) a mési¢ni vykon presdhl 200 m.
Dosazené vykony jsou srovnatelné s vykony osadek tunelarsky vyspélych zemi.
+ GEOTECHNICKA MERANIA VYKONAVANE PRI RAZENI

TUNELA BRANISKO

Ing. Stefan Choma, Ing. Gejza Zahoransky, Ing. Miloslav Frankovsky
Tunel Branisko 5008 m byl vybudovany jako prvni v ramci dalni¢niho pro-
gramu na Slovensku. Pfi jeho stavbé byly pouzité moderni metody a tech-
nologické postupy obvyklé v tunelafsky vyspélych zemich. Souéasti byl také
geotechnicky monitoring jako systém pravidelného, kontinuelniho méfeni a to
- méfeni vyrubu geotechnickymi metodami
- méfeni deformacemi horninového masivu v okoli vyrubu extenzometry
- méfeni kontaktniho napéti mezi primarnim osténim a horninou
- méfeni napéti v primarnim osténi
Prispévek rozebira organizaci, vysledky a zhodnoceni.
+ GEODETICKE MERANIE PRI RAZENI A REPROFILACII

PRIMARNEHO OSTENIA TUNELA BRANISKO

Ing. Anton Fejfar, Ing. Peter Feranéik
Tato tunelova stavba velkého rozsahu, jeji slozitost a rozmanitost si vyzado-
vala nasazeni kvalitniho zafizeni pro geodetické a geotechnické méfeni.
Pro velké mnozstvi méficich dat byla geotechnicka skupina vybavena
ptistroji fy Leica, pocitatovou stanici TC 1800 a kvalitnim softwerem a pro
méfeni pficnych profild typ Profiler 4000. Dobré vysledky geodetickych
méreni pfispély k celkové Urovni a kvalité provedenych razicich praci.
+ SKUSENOSTI SLOVENSKYCH TUNELAROV ZO STAVIEB V SRN

Ing. Peter Witkovsky, Ing. Jozef Frankovsky
Stavba 175 km rychlé Zeleznice z Kolina nad Rynem do Frankfurtu nad
Mohanem je stavbou evropského vyznamu nejen z hlediska dopravy, ale
i inZenyrského stavitelstvi, samozfejmé i tunelového. Autofi v élanku sezna-
muji se zku$enostmi jak vlastni organizace dodavky, tak technicko-techno-
logické problematiky. Banské stavby a.s. byly dodavatelem praci na tune-
lech Gunterscheid a Aegidienberg v Poryni pro ARGE Mittelstand. Pfi raze-
ni byla aplikovana NRTM s vyuzitim veskeré $pitkové techniky, z nichz auto-
fi zdUraznuji hlavné Gspé$né pouziti agregatu na stfikany beton fy Mobil-
G Creta a pro profilovaci méfeni fotogrameticky snimac systém ,Dibit".
Zahraniéni zkuenosti i dosazené vykony 4-6m/den v sedimentarnich for-
mach masivu velmi podporuji kvalifikacni riist a konkurencni potencial podniku.

of fissure water on the lining and measurement of development of state of
stress in the sewer lining has been carried out. The course of the measure-
ment has confirmed that the natural regime of ground water has been
restored. Stresses in ash-cement concrete do not reach the value of com-
pressive strenght of the material, and deformation properties of HOBAS
pipes make a load redistribution in the lining possible.
« EXCAVATION OF GALLERIES IN UNFAVOURABLE

GEOTECHNICAL CONDITIONS

Vrba O.

The author has conducted an analysis of the issue of adits excavation in
urban setting completed within the past decade. A characteristic feature of
all underground works was that there was a shallow cover and little
favourable to totally unfavourable geotechnical conditions of excavation.
Through a qualifying analysis and assessment, he has arrived to the con-
clusion that even under very unfavourable conditions it is possible to
realise driven adits for utility networks successfully. Although, experience
gives advantage to special technigues (shielding and microtuneliing) over
classical driving. Another important condition is in deliberate and careful
geotechnical monitoring, as well as investigation during preparation of
design phases.
+ KNOWLEDGE FROM DRIVING OF EXPLORATORY GALLERY

FOR THE VISNOVE TUNNEL IN FAULTED ZONES OF THE

MALA FATRA MOUNTAINS

Turansky R., Matejcek A.
This 7 477 m-long exploratory gallery is being driven from two portals. The
drive of the west portal is being performed by the NATM technique up to
the distance of 1 871 m with the cross section of 10.7 m*. Excavation from
the east portal is being executed by means of a full face TBM ATB 35 HAA,
with a 3.5 m-diameter cutter head. The original massif is characterised by
a higher level of loosening in zones of regional tectonic failures, which are
a result of the Alpine folding or of a later development of fault tectonics.
Unfavourable geological and hydrogeological conditions were confirmed
mainly during excavation with the TBM through crystallinic massif, which
caused creation of several serious collapses with caverns and expressive
water inflow up to 90 litre/sec’ (currently, the total inflow in the adit is 190
litre/sec’). Existing experience provides important pieces of knowledge for
contractors, employers and enginners regarding the geological structure,
enabling them to choose techniques and structures for the motorway tun-
nel being designed.
» DRIVING OF THE EUERWANG TUNNEL- SOUTH

Zelenka M.
The Euerwang rail tunnel on the Nuremberg-Ingolstadt track is, with its
length of 7.7 km, the longest driven tunnel on this route. Metrostav a.s. pro-
vides excavation of 1 834 m by the NATM from the south portal, mostly
using drill-and-blast, with a common equipment set. Despite the effort to
keep own costs acceptable, notable results have been achieved, e.g. 8-9 m
{max 11 m) advance/day was achieved at the 70 m? top heading, and the
monthly advance crossed 200 m. The outputs achieved are comparable with
performance of crews working in the countries with developed tunnelling
industry.
+ GEOTECHNICAL MEASUREMENTS CARRIED OUT IN THE COURSTE OF

DRIVING THE BRANISKO TUNNEL

Choma S., Zahoransky G., Frankovsky M.
The 5008 m-long Branisko tunnel was built as the first one in the framework
of the motorways program in Slovakia. For its construction there were used
state-of-the-aart methods and technical procedures, usual in the countreis
with developed tunnelling industry. Geotechnical monitoring as a system of
regular, continual measurement was its part, namely
- measurement of the excavation by geotechnical methods
- measurement of the rock mass deformation in the excavation vicinity

with extensometers
-~ measurement of contact stress between primary lining and rock
- measurement of stress in primary lining
The paper analyses organisation, results and assessment.
« GEODETIC MEASUREMENT IN THE COURSE OF DRIVING

AND REPROFILING OF THE BRANISKO TUNNEL PRIMARY LINING

Fejfér A., Ferancik P.
This large-scale tunnel structure, its complexity and diversity required
deployment of a quality equipment for geodetic and geotechnical measure-
ments. Because of the big amount of measured data, the group of surveyors
was equipped with machines manufactured by Leica, TC 1800 computer sta-
tion, and Profiler 4000 quality software for measurement of cross sections.
Good results of geodetic measurements incremented to the overall level
and quality of the driving performed.
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. TLAKOVE UZAVERY PODZEMNIHO ZASOBNIKU
Ing. Vactav Braun a Josef Celetka

Podzemni zasobnik zemniho plynu v lokalité Pfibram-Haje je urcen ke krat-
kodobé regulaci pfepravovaného plynu. Tento zdsobnik byl vylaman ve
skalnim masivu v hloubce 1000 m s vyuzitim stavajicich podzemnich cho-
deb po uranovém dobyvani. Tlakové uzévéry (zatky) musi svoji konstrukei
odolavat sile rozdilu tlakovych pomérd az do 12,5 Mpa. Zvlastni pozornost
byla proto vénovéana vylomovym pracim a vlastni konstrukei, ktera byla pro-
vedena ze stfikaného dratkobetonu (240 m® na jednu zatku). Za mimofadné
pozornosti a spoluprace vyznamnych odbornikd byla kritéria vodotésnosti
a plynotésnosti dosazena.

« GOTTHARD - BASISTUNNEL
Alex Sala

Jednim z vyznamnych projektt na restruktualizaci Zzelezniéni sité v Evropé je
vybudovani tohoto bazového tunelu ve Svycarsku. Tunel svymi 56,7 km bude
nejdeldim svétovym Zelezni¢nim tunelem. Pfispévek autora obsahuje celko-
vy informaéni prifez projektu, véetné popisu velmi rozmanité geologické
struktury masivu, technicky popis véetné technologické vybavenosti az po
technologie razeni jednotlivych ¢asti tunelu, kde budou uplatnény technolo-
gie od klasické razby az po nasazeni strojd TBM.

- BAUKONSEPTE FUR TUNNEL IM SULFATGEBIRGE (ANHYDRIT)
Dr. Ing. Karl Kuhnhenn

Bobtnani anhydridovych hornin je pfi¢inou velkych $kod v evropskych
tunelech. Pfispévek se zabyvé problematikou navrhu konstrukce pro jejich
zamezeni. V soucasnosti jsou aplikovany dva zplsoby feeni:
- navrhnout obezdivku dosti silnou natolik, aby odolavala tlakim
z bobtnani dna
- do konstrukce dna zabudovat stladitelnou vrstvu materialu mezi prvotni
konstrukci ze stfikaného betonu a definitivni obezdivku k regulaci tlakd.
Autor uvadi pfiklady feSeni na rekonstruovanych i nové realizovanych zelez-
ni¢nich tunelech (Eugelbergbasistunel, Adiertunel} aj.

- FIRE SAFETY CONCEPTS IN TRAFFIC TUNNELS
Prof. Dr. Ing. Alfred Haack-president ITA

Pozary a pozarni bezpe¢nost v dopravnich tunelech se stala mezinarodnim
problémem. Vedle materialnich hodnot jsou ohrozeny lidské Zivoty. Proto se
této problematice vénuje mimofadna pozornost v ramci riiznych projektt
(EUREKA) i pfi mezindrodnich odbornych konferencich. Autor v pfispévku
analyzuje situaci evropskych tunell z hlediska bezpecnosti a mozného rizika
popisuje nejdGlezitéjsi pripady pozarl s nasledky. Zavér vyzniva na nutnost
zabyvat se touto problematikou ne jen na jednotlivych projektech &i na
narodni Urovni, ale dlsledné fesit problém v mezinarodni spolupréaci.

« POUCENI PLYNOUCI Z NEHOD V TUNELECH
A PRINCIPY KRIZOVEHO MANAGEMENTU
Doc. Ing. Pavel Pfibyl, Csc.

V Ceské republice byl vytvoten standard pro technologické vybaveni tunelt
pozemnich komunikaci a fizeni rizik. V pfispévku je uveden piehled poten-
cidlnich problém a je poukéazano na to, Ze je nutné zagit systematicky pra-
covat na vytvofeni bezpeénostni politiky. Zavér stanovuje hlavni zasady pfi
vytvareni uceleného komplexu bezpecnosti v tunelech a to nejen v kon-
strukénim a technologickém feSeni, ale i v organizatnim zajisténi. Vstupnim
pokusem o zavedeni systému jsou technické podminky ,Provozovani, spra-
va a Udrzba tuneld pozemnich komunikaci”.

« VETRANI SILNICNICH TUNELU A TUNELU METRA PRI POZARU
Ing. Miroslav Novak

Pozar se v mnoha pfipadech stava pro nadvrh vétrani tunelu rozhodujicim
faktorem. Vétrani tunelu totiz musi zabezpedit v prvni fadé unik cestujicich
na povrch nebo do chranénych prostor. Problematiku dale autor analyzuje na
- vétrani silniénich tunell pfi pozaru
- vétrani tunell prazského metra pfi poZéru se zavéry, které se shoduji

se systémem feSeni na Grovni mezindrodni spolupréce.

+ CONCEPTION OF AXIAL FANS TO EXHANST HOT GASES IN TUNNEL
SYSTEMS
Dr. Jurgen Steltman

PF[spévek k problematice vétrani tunelovych staveb se zaméfuje na ufiti
axialnich ventilatord, jejich parametri a charakteristik.

» THE EXPERIENCE OF SLOVAK TUNNELLERS IN GERMAN TUNNELS
Witkovsky P, Frankovsky J.
The project of 175 km of the railway from Cologne on Rhine to Frankfurt on
Mohan is a project of a Europe-wide significance not only from the trans-
portation point of wiew, but also from the point of view of civil engineering
and tunnelling. The authors inform in their article about the experience of
the work organisation and about technical and technological issues.
Banské stavby a.s. was the contractor for the work on the Guntersheid and
the Aegindienberg tunnels in Rhineland for ARGE Mittelstand. The tunnels
were driven by the NATM, with utilisation of every state-of-the-art equip-
ment. The authors put stress on a successful application of Mobil-G's Creta
shotcrete aggregate, and on , Dibit” system photogrammetric scanner used
for profiling measurement. Foreign experience and advances of 4-6 m/day
achieved in sedimentary forms of the massif have supported significantly
the qualification growth and competitiveness of the company.
» PRESSURE SEALS OF AN UNDERGROUND GASSTORAGE
Braun V., Celetka J.
The underground storage of natural gas in the locality of Pfibram-Héje is
designed for a short-term regulation of transferred gas. This storage was
excavated in a rock mass at the depth of 1000 m, with utilisation of existing
underground galleries of a former uranium mine. The pressure plugs struc-
ture must resist to the force resulting from the pressure differential up to
12.5 Mpa. Special attention was paid to the excavation and the structure
proper, which was performed from stell-fibre reinforced shotcrete (240 m®
per one plug). Thanks to the special attention and co-operation of distin-
guished experts, the watertightness and gastightness criteria were met.
« GOTTHARD BASE TUNNEL
Sala A.
This base tunnel in Switzerland is one of important projects for restructur-
ing of the railway network in Europe. The tunnel, with its length of 56.7 km,
will be the longest rail tunnel in the world. The author’s paper contains an
overall information cross-section of the project, including a description of
very diverse geological structure of the massif, a technical description
including technical equipment, to the driving technique for individual parts
of the tunnel, where techniques from classical excavation to TBMs deploy-
ment will be utilised.
« BAUKONZEPTE FUR TUNNEL I SULPHATGEBIRGE (ANHYDRIT)
Kuhnhenn K.

Swelling of anhydrite rock is a cause of major damages in European
tunnels. The paper deals with the issue of design of a structure, which
should prevent it. Currently, two ways of solution are applied:

- to design a lining strong enough to resist the pressures due to the bottom
swelling '

- to build a compressible layer of material into the invert structure, between
the primary structure from sprayed concrete and the secondary lining,
regulating the pressures

The author presents examples of the solution on refurbished and newly

realised rail tunnels (the Eugelberg base tunnel, the Adler tunnel) etc.

» FIRE SAFETY CONCEPTS IN TRAFFIC TUNNELS

Haack A.

Fires and fire safety in traffic tunnels has become an international issue.
Apart from material values, human lives are at risk. For that reason, this
issue is being paid a lot of attention in the framework of various projects
(EUREKA) and on international professional conferences. The author of the
paper analyses the situation of European tunnels from the safety and risk
possible point of view, and describes the most serious cases of fires togeth-
er with their consequences. The conclusion stresses the necessity of deal-
ing with this issue not only at individual projects or at a national level, but
also to solve the problem consistently in an international co-operation,
- LESSONS LEARNED FROM TUNNEL ACCIDENTS AND PRINCIPLE

OF RISK MANAGEMENT

Priby! P,
In the Czech Repulic there has been created a standard for technical equip-
ment of tunnels for roads and for risk management. The paper contains an
overview of potential problems, and it points to the fact that it is necessary
to start working in a systematic manner on development of a safety policy.
In its conclusion, the author determines main principles of development of
an integrated safety complex in tunnels, not only in a structural and techni-
cal solution, but also in organisational support. Technical conditions
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“Operation, administration and maintenance of
road tunnels” represent an entry attempt to
introduce the system.

« VENTILATION ON FIRES IN ROAD AND
METRO TUNNELS
Novak M.
In many cases, fire becomes a deciding factor
for a design of a tunnel ventilation. Primarily,
the tunnel ventilation must ensure escape of
passengers to the surface or to protected
spaces. The author analyses the
issue further on

- road tunnels ventilation during a fire

- Prague metro tunnels ventilation during a fire,
with conclusions identical with the system of
solving it at the level of international coopera-
tion.

« CONCEPTION OF AXIAL FANS TO EXHAUST
HOT GASES IN TUNNEL SYSTEMS
Steltmann J.
This paper on the issue of ventilation of tunnel
structures is focused on the use of axial fans,
their parameters and characteristics.
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TEMATICKY OKRUH D - UDRZBA, SANACE
A REKONSTRUKCE PODZEMNICH STAVEB

TOPIC D - MAINTENANCE, REHABILITATION AND RECONSTRUCTION
OF UNDERGROUND STRUCTURES

(COMPILED BY PROF. ING. JOSEF ALDORF, DrSc.)

Prispévky pfihlasené v tématickém okruhu D Ize rozdélit do 3 skupin:

- sanace, rekonstrukce a zajisténi vodotésnosti podzemnich staveb

- sanace historickych podzemnich prostor

- sanace vodohospoddfskych dél s vyuZitim nové razenych podzemnich dél,

sanaénich a tésnicich injektazi

V prvni skupiné referatt budou prezentovany 4 pfispévky:

a.) pfispévek Ing. Petra Vozarika (Metrostav, a.s.) s nazvem ,Vodotésnost
a sanace tunelovych staveb praiského metra”, shrnujicich zku$enosti
z provadeéni dodateénych tésnicich praci v tratovych i staniénich tune-
lech, zejména v dsecich provadénych pavodni technologii razeni a vyz-
tuZovani (prstencovd metoda a pouziti litinovych, nebo Zelezobetono-
vych tybink(). Autor hodnoti pouzivana kriteria vodotésnosti ve vazhé na
nové technologie utésiiovani a nové tésnici hmoty. Jako nejefektivnéjsi
technologie se ukazalo pouziti kombinace injektaZe (Hloubkové tésnéni
spar} a povrchovych tésnicich natért materialy firmy Asmedia (Mediatan
701 a Mediatan 36);

b.) piispévek Ing. M. Kochanka a Ing. P. Chaury (Metroprojekt, a. s.)
«Rekonstrukce stanic prazského metra” uvadi pfedevsim velmi detailni
popis stavu a zdvad na konstrukcich razenych stanic po zhruba 20 letech
jejich provozu. Vét8ina téchto zavad souvisi s omezenim provozu neho
nefunkénosti a podrobné uvadi postupy sanaénich praci. Na piikladech
stanic ,Malostransk&” a ,Florenc” dokumentuji technologie poufité pfi
rekonstrukcich a hodnotf jejich vysledky pfedevsim z hlediska zajisténi
ochrany proti U¢inkdm prosakujicich vod;

c.) pfispévek Ing. Jifiho Kazdy (DDC CD) ,Zelezni¢ni tunely CD” je
podrobnym piehledem a popisem stavu tunelll na Zeleznicich sité
Ceskych drah, jejichz délka pFesahuje 36,5 km, pii celkovém podtu 149
tuneld. Zabyva se jak otdzkami spravy a technického dozoru tuneld
a jejich legislativnim zajisténim, tak hodnocenim stavu udriby
a rekonstrukce z hlediska jejich historického vyvoje u CD. V zavéru
pfispévku hodnoti stav tuneld na Ceskych Usecich mezinarodnich
Zelezni¢nich koridor(i a uvadi zékladni informace o vyhledu raZeni
novych Zelezniénich tunel v CR;

d.) velmi zajimavym pfispévkem je referat autord Ing. M. Srba a Dr.
Alfreda Schultera (D2 Consult) s nazvem ,Rehabilitation of Pushkin
Road Tunnel in Armenia” {(Sanace PuSkinova silniéniho tunelu
v Arménii), uvadéjici zakladni informace o samotném silniénim tune-
lu, ktery byl silné poskozen {odvodnovaci zafizeni, vétraci a mecha-
nicka zafizeni) po roce 1988, kdy bylo v Arménii zniéujici zemétreseni
a kdy slouzil jako hlavni pfistupova cesta pro pomoc Arménii. Velmi
zajimavou &asti jsou informace o pfipravé sanace tunelu, kterd bude
¢asteéné financovana z prostiedkd ,Svétové banky” a ,Evropské
banky pro obnovu a rozvoj”. Jsou uvedeny zakladni faze postupu pfi-
pravy sanace, definovana jejich naph a formulovan vyznam mezina-
rodni pomoci, jak z hlediska finanéniho zajiéténi, tak utohy mezina-
rodnich konzultant.

Ve druhé skupiné referatll je pfedlozen piispévek K. Grotze a RNDr.
V. Havelky (Geoindustria, a.s.) s nazvem ,Prizkum a sanace historickych
podzemnich staveb”. Samotny piispévek shrnuje poznatky a zkugenosti
ziskané pracovniky firmy Geoindustria pfi provadéni viech druht pri-
zkumi téchto prostor a pfi realizaci samotnych sanaénich praci. Na pi-
kladech sanaci historickych prostor v Plzni, Tabore, Kutné Hofe, Mélniku
a pfi sanaci Rudolfovy 8toly v Praze, dokumentuji efektivni pfistupy
s vyuzitim hornickych i stavebnich technologii a uvadi i nékteré negativ-
ni zku$enosti.

Treti skupina referatli je reprezentovéna pfispévkem kolektivu firmy
TUBES, s.r.o. (Ing. L. Pikhartova, Ing. O. Fabian a Ing. D. Hadadova)
s nazvem ,Sanace prehrady M$eno”. Zakladnim prvkem sanace, jejim?

The submitted papers on the topic D can be divided into 3 groups:

- rehabilitation, reconstruction and ensuring of underground structures
watertigtness

- rehabilitation of historic underground spaces

- rehabilitation of water supply related works using newly excavated under-
ground works, improving and sealing grouting

The first group of the reports will comprise 4 papers:

a) The paper by Ing. Petr Vozarik (Metrostav a.s.) titled "Waterproofing and
rehabilitation on Prague metro tunnels" summarising the experience of
execution of additional sealing in running and station tunnels, namely in
sections built by the original driving and support technique (the ring
method and the use of cast-iron or reinforced concrete segments). The
author assesses the applied watertightness criteria, in relation to new
sealing techniques a new sealing materials. A combination of grouting
(Deep joints sealing) and surface sealing coats manufactured by Asmedia
(Mediatan 701 and Mediatan 36) has showed the most effective technique;

b) The paper by Ing. M. Kochanek and Ing. P Chaury (Metroprojekt, a. s.)
“Reconstruction of the Prague metro stations” presents, above all, a very
detailed description of the condition and defects of driven stations structures
after roughly 20 years of operation. Most of the defects are connected with
limitation or a lack of operation and presents detailed procedures of rehabili-
tation work. On examples of the Malostranska and Florenc stations, they docu-
ment the techniques used on reconstructions, and assess their results, from the
point of view of protection against the effects of leaking water;

c) The paper by Ing. Jifi Kazda (DDC CD) Tunnels of Czech railways is
a detailed survey and description of the condition of the tunnels on the
railway network controlled by Czech Railways, the length of which
exceeds 36.5 km, with the total number of tunnels amounting to 149. It
deals with the issues of administration and technical inspection over tun-
nels, and their legislative covering, as well as with assessment of the
state of maintenance and reconstruction with respect to their historic
development under Czech Railways. In the conclusion, the paper evaluates
the condition of tunnels on Czech sections of international railway corri-
dors, and states basic information about driving new tunnels in the CR;

d) The report by authors Ing. M. Srba and Dr. Alfred Schulter (D2 Consult)
named “Rehabilitation of Pushkin Road Tunnel in Armenia” is very interest-
ing. It provides basic information on the road tunnel proper, which was heav-
ily damaged (drainage facilities, ventilation and mechanical equipment) after
the year 1988 when a devastating earthquake occurred in Armenia, and
when it served as the main access road for the aid to Armenia. The part con-
taining information on preparation of the tunnel refurbishment, which will
be partly funded by the World Bank and European Bank for Restoration and
Development, is also very interesting. Basic phases of the preparation and
refurbishment are described, including a definition of their content and a for-
mulation of the importance of the international aid both from the point of
view of funding and the role of international consultants.

In the second group of the papers, there was submitted the paper by K. Grotz
and RNDr. V. Havelka (Geoindustria, a.s.) named “Exploration and rehabilita-
tion of historic underground structures”. The paper proper summarises the
knowledge and experience gained by Geoindustria's employees on execution
of all kinds of exploration of those spaces, and on execution of the rehabili-
tation work proper. The authors document, by means of examples of rehabil-
itation of historic premises in Pilsen, Tébor, Kutna Hora, Méinik, and rehabili-
tation of the Rudolf's adit in Prague efficient attitudes using mining and civil
engineering techniques, and even present some negative experience.

The third group of the papers is represented by the contribution of a collec-

tive of TUBES, s.r.o. employees (Ing. L. Pikhartovd, Ing. O. Fabian and Ing.

D. Hadacovd) named “New rescue gallery under the Mseno dam”. A basic

element of the rescue action, the purpose of which is sealing of leaks

through the masonry dam sub-base and a degraded concrete sub-layer, con-
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Géelem je utésnéni prasakl podloZzim zdéné hraze a degradovanou pod-
kiadni betonovou vrstvou, je realizace nové injektazni §toly na kontaktu
zakladni hraze a jejino podlozi, z niz budou provadény tésnici a zpeviio-
vaci injektaze hmotami na bazi PUR. Velmi zajimavy je i technicky popis
ny staticky navrh Stoly, ktera do jisté miry méni ustalené statické pomé-
ry v podzakladi. Referat dokumentuje pouZiti tunelarské technologie
a podzemnich konstrukei pfi sanaci vodohospodafského dila, které se
ukazalo technicky i ekonomicky efektivni, ve srovnani s jinymi uvazo-
vanymi postupy.

sists in realisation of a new grout gallery at the dam and its sub-base inter-
face, which the sealing and improving grouting will be injected from, using
PUR-based materials. Even the technical description of the works is very
interesting. The dam has been operated for over 90 years. Very demanding
task consisted also in the static design of the gallery proper, which to some
extent, changes the steady static conditions under the dam foundation.
The paper documents the use of the tunnelling technique and under-
ground structures on a refurbishment of water supply works, which
showed technically and economically effective compared to other proce-
dures considered.
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PODOKRUH C 1- TUNEL MRAZOVKA

SUB-TOPIC C1 - THE MRAZOVKA TUNNEL
(COMPILED BY PROF. ING. JIRf BARTAK, DrSc.)

Zatatkem roku 1999 byla v Praze na Smichové zahéjena vystavba tunelu
pod Mrazovkou. Tento tunel je vyznamnou souéasti severozdpadniho sekto-
ru Méstského okruhu v Praze a umozZni po dokonceni plynulé pievedeni
dopravy v severojiznim sméru mimo centralni oblast mésta.

Tunel je razen v délce 2,2 km ve dvou paralelnich tfipruhovych troubéch
v obtiznych geologickych podminkach - pfevainé v poru$eném masivu jilo-
vitoprachovych bfidlic, ale i v partiich velmi tvrdych prokiemenélych bfidlic
a kiemencd. Konfigurace terénu je velmi ¢lenita, zna¢nd €ast tunelu pod-
chézi s velmi malym nadlozim husté zastavéné uzemi. Tyto podminky, spolu
se dvéma tunelovymi rozplety mimofadné velkého pficného fezu (max. plo-
cha vyrubu ¢ini 324 m?), Fadi tuto stavbu mezi technicky velmi pozoruhodné
stavby i v celosvétovém méfitku.

Investorem stavby je Magistrat hl. m. Prahy, generéalnim projektantem sou-
boru staveb je PUDIS a.s., projektovou ptipravu a realizaéni dokumentaci
razenych objektd véetné technologického vybaveni tunell zpracovala
SATRA s.r.o., na realizaéni dokumentaci se téz podilel METROPROJEKT a.s.
Zhotovitelem stavby je Sdruzeni firem METROSTAV a.s. a SUBTERRA a.s.
Zahajeni vystavby zapadni tunelové trouby s roénim zpozdénim a dosavad-
ni blokovani stavebniho povoleni pro vystavbu vychodni trouby je nutno se
véemi nepfiznivymi, zejména ekonomickymi dusledky, pfi¢ist na vrub sice
legélni, ale v tomto sméru Sirokému verejnému zajmu Skodici ¢innosti
nékterych ekologickych organizaci.

V soutasné dobé vlastni razba zdpadni tunelové trouby jiz znatné
pokrotila. Vylom kaloty na useku METROSTAVU a.s. se dostal v poloviné
¢ervna t.r. na vzdalenost cca 400 m od severniho portalu, kalota na useku
SUBTERRY a.s. je od jizniho portalu vzdéalena cca 280 m.

Poznatky z projektovéani a vystavby tunelu Mrazovka, zpracované autory cel-
kem v 10 pfispévcich, bylo rozhodnuto vzhledem k vyznamu dila soustfedit
do samostatného tématického podokruhu C 1. Jednotlivé piispévky jsou
v dal8im textu strucné charakterizovany z hlediska jejich obsahu.

« ANALYZA VLIVU SANACNICH INJEKTAZI A CLENENI VYRUBU

NA CHOVANI DISKONTINUITNIHO HORNINOVEHO MASIVU

PRI RAZBE TUNELU MRAZOVKA

Prof. Ing. Jifi Bartak, DrSc. - Dr. Ing. Jifi Picha:
Vliv rizného stupné projektovani horninového masivu na velikost deforma-
ci byl feen programovym systémem FLAC v matematickém modelu dis-
kontinuitniho horninového masivu. InjektaZzni pokusy v prizkumné $tole
totiz ukazaly, Ze vysokotlakd injektaz pronikd prevainé diskontinuitami
a zvy$uje jejich tuhost a smykovou pevnost. Deformace nadlozi byly navic
stanoveny s ohledem na zménu schematu pobirani jak pro horizontalni, tak
pro vertikalni ¢lenéni vyrubu.

« TUNEL MRAZOVKA - PROGNOZA, REALIZACE, SKUTECNOST
Prof. Ing. Zdenék Eisenstein, Ph.D, D.SC., P. Eng. - Ing. Miroslav Sala¢ -
Ing. Jan Skrabek - Ing. Ales Zapletal, DrSc.
Ptispévek obhsahuje zevrubny popis podstatnych krokd v prognéze chovani
tunelu Mrazovka, a to pfedevéim s ohledem na velikost deformaci hornino-
vého masivu a charakteru poklesové kotliny na povrchu zastavéného tzemi.
Prijata opatfeni, kterd vyplynula z fady matematickych analyz - vertikaIni
¢lenéni vyrubu, sanacni injektaze masivu, mikropilotové destniky nad horni
klenbou tunelu a v nejobtizngjich partiich kompenzaénf injektaze - se v pri-
béhu razeb ukazala jako vysoce aéinna.

+ PRESIOMETRICKA KONTROLA INJEKCNIHO ZPEVNENI LIBENSKYCH
BRIDLIC NA STAVBE TUNELU MRAZOVKA
Ing. Jiff Hudek
Zpeviuijici injektdze jsou situovany do masivu ordovickych bfidlic se znatnym
stupném tektonického poruseni i navétrani. Poloskalni charakter mékkych bfid-
lic je pro injektovani velmi neptiznivy, piesto vysledky presiometrickych zkou-
Sek prokazaly vice nez 100 % zvy3eni primérného presiometrického modulu
pFetvarnosti a vyrazné se zmenéil rozsah nejvice se deformujicich hornin.
+ PROBLEMATIKA POSUZOVANI HORNINOVEHO MASIVU PRI RAZBE
NRTM TUNELU MRAZOVKA
Mgr. Radovan Chmelaf - RNDr. Josef Vorel
Prispévek popisuje geologické poméry a zejména tektonické struktury
v horninovém masivu pfi razbé zapadni trouby. Zasadni pozornost je

The construction of the tunnel under Mrézovka hill in Prague district Smichov
commenced at the beginning of the year 1999. This tunnel is an important part
of the north-western sector of the Prague City Ring Road, and, after completion,
it will allow a stepless transfer of the traffic in the north-south direction beyond
the central part of the city.

The tunnel is being driven in the length of 2.2 km in two parallel three-lane tubes,
in difficult geological conditions - mostly in a fractured mass of clayey-silty shales,
but in sections of very hard, quartziferous shales and quartzites. The terrain con-
figuration is very broken, a significant part of the tunnel passes under a built up
area, with a very shallow cover. These conditions, together with two tunnel bifur-
cations of extraordinarily large cross section {max. excavated cross section of 324 v},
range this structure among very notable projects even in the world-wide scale.
The client is the Prague City Hall, general consultant for the project is PUDIS
a.s., design preparation and detailed design of driven structures inclusive of
technical equipment of the tunnels was developed by SATRA s.r.0., a part of
the work on detailed design was performed by METROPROJEKT a.s. A con-
sortium of companies METROSTAV a.s. and SUBTERRA is the contractor.
The fact that the construction of the west tunnel tube was commenced with
a one-year delay and the building permit for the east tube has been blocked
till now, together with all unfavourable, mostly economic consequences
must be put to the account of, though legal, activity of some environmental
organisations, which, in this aspect, is harmful to the wide public interest.
Currently, the driving of the west tunnel tube proper has already advanced signif-
icantly. The top heading excavation in the section performed by METROSTAV a.s.
arrived to the distance of about 400 m from the north portal in the middle of June,
the top heading in the SUBTERRA's section is about 280 m from the south portal.
It was decided, with respect to the importance of the works, to concentrate the
knowledge from designing and driving of the Mrazovka tunnel, dealt with by
authors in 10 papers in total, into a self-contained sub-topic C 1. Individual
papers are briefly characterised with respect to their content in the further text.

+ THE ANALYSIS OF SAVING GROUTING AND THE EXCAVATION
SEQUENCING INFLUENCE ON THE DISCONTINUOUS ROCK MASSIF
BEHAVIOUR AT EXCAVATION OF THE MRAZOVKA TUNNEL
Bartak J., Picha J. ’

The influence of different stage of designing of the rock massif on the extent
of deformations was solved by the FLAC system, in a mathematical model
of discontinuous rock massif. Grouting trials in the exploratory gallery
showed that a high-pressure grouting enters mostly via discontinuities, and
increases their stiffness and shear strength. In addition, deformations of the
overburden were determined with regard to the changed pattern of excava-
tion for both horizontal and vertical sequencing of the face.

« THE MRAZOVKA TUNNEL - PROGNOSIS, CONSTRUCTION, REALITY
Eisenstein Z., Sala¢ M., Zapletal A.

The paper contains a comprehensive description of the steps in forecasting of the
Mréazovka tunnel behaviour, namely with respect to the extent of deformations of
the rock mass and character of the settlement trough at the surface of the built up
area. The measures adopted, which have ensued from a number of mathematical
analyses, i.e. vertical sequencing of excavation, saving grouting of the massif,
micropile umbrellas above the tunnel arch and, in the most difficult parts, com-
pensation grouting, showed highly effective in the course of excavation.

+ PRESSUREMETRIC VERIFYING OF A CEMENT GROUTING SOLIDIFICATION
IN THE SHALE DURING THE CONSTRUCTION OF THE MRAZOVKA TUNNEL
Hudek J.

Solidifying grouting is situated into the massif of Ordovician shales with

a high degree of tectonic fragmentation and weathering. The semi-rocky

character of weak shales is very unfavourable for grouting despite the fact

that the results of pressuremetric tests confirmed over 100% increase in the
pressuremetric modulus of deformation, and the extent of the most deform-
ing rocks dropped expressively.

+ PROBLEMS OF THE ASSESSMENT OF THE ROCK MASSIF IN THE NATM
TUNNELLING OF THE MRAZOVKA TUNNEL
Chmelar R., Vorel J.

This paper describes geological conditions, and namely the tectonic

structures within the rock massif in the course of the west tube driving.

Principal attention is paid to the influence of tectonic failures on the

behaviour of the rock mass, and to the linkage to the information

—— -l
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vénovana vlivu tektonickych poruch na chovani horninového masivu
a vazhé na informace ziskané z indexovych tunelaiskych klasifikaci.
Doporuéuje se kombinace empirickych metod s matematickym modelo-
vanim a observaéni metodou, kterd umoziiuje upravovat navrh v pribéhu
vystavby.

» TUNELY MRAZOVKA OD JIHU
Ing. Vlastimil Kafiovsky - Ing. Michal Gremlicka

Jizni &ast tunelu Mrazovka je dispoziéné velmi komplikovana. Dvojice tfip-
ruhovych tuneld se vétvi ve dvou rozpletech (max. profil 324 m? na tunely
dvoupruhové (pribéiné) a jednopruhové (viezdové a vyjezdovéa vétev na
Radlickou ulici). Sougasti jizni stavby, provadéné SUBTERROU a.s., jsou
i dalsi feSené objekty, vesmés mimofadné velkych pfiénych profild - stro-
jovna vzduchotechniky (200 m?), trafostanice (156 m?), kfiZeni ZTT s trafo-
stanici a tunelovou propojkou s pronikem kleneb réiznych rozpéti. Zplsob
vystavby jednotlivych dosud provedenych prostor je doplnén popisem
uspésného prechodu razby zapadniho tunelu bezprostiednim nadloZim
kanaliza¢ni stoky ,P", odvadéjici spladkové vody z celé oblasti Jihozapadniho
mésta.

- MONITORING TUNELU MRAZOVKA

Ing. Miroslav Koleckar - Ing. Igor Zemének
Pfispévek seznamuje s rozsahem monitoringu pfi vystavbé tuneld Mrazovka
a s nékterymi dil¢imi vysledky ziskanymi béhem prvniho roku vystavby.
Zasadni pozornost v publikovanych vysledcich je vénovéna deformacim
povrchu pfi vystavbé, a to ve vztahu k limitnim deformaénim hodnotam
a riznym typtm ¢lenéni éelby vyrubu.
+ NAVRH TUNELU MRAZOVKA

Ing. Jaroslav Némeéek - Ing. Alexandr Butovié - Ing. Tomas Ebermann -

Ing. Vladislav John
Pfispévek komplexné popisuje postup pfi projektovém feSeni tunelu
Mréazovka od navrhu vedeni trasy a prostorové feseni tunelu, pfes navrh
tunelovaci metody, konstrukéni fesent a statické vypodty az k zajisténi povr-
chové zastavby. Clanek zdGraziuje vyuziti observaéni metody navrhovani ve
smyslu norem EUROCODE, kterd umozfiuje upravovat navrh konstrukce
v prabéhu vystavby. Nutnym pfedpokladem je formulace podminek pfi-
pustnych stav(, varovnych stav( a havarijnich stavi; mezni hodnoty odpo-
vidajicich deformaci, sklond, poruch apod. byly stanoveny v ramci projektu.
« VYBRANE POZNATKY Z UPLATNENI STRIKANEHO BETONU

NA TUNELU MRAZOVKA

Ing. Pavel Polék
Pouziti stfikaného betonu a jeho spoluplsobeni s ostatnimi vyztuznymi
prvky (sité, pithradové oblouky, kotvy) je neoddélitelnou souéésti Nové
rakouské tunelovaci metody. V masivech s kratkou dobou stability vyru-
bu je nutno vlastnostem stfikaného betonu vénovat mimofadnou pozor-
nost; razba ZTT Mrazovka probihé ze severni strany pravé v masivu toho-
to typu. Cldnek popisuje jednak postup pfi stanoveni receptury stfikané-
ho betonu poZadované pevnosti B 25 z hlediska pouZitého kameniva,
cementu a urychlovaée tuhnuti, jednak je vénovan zpUsobu provedeni
a vyhodnoceni vysledkd vybranych vlastnosti stfikaného betonu na tune-
lu Mréazovka.
+ PROVOZNi A POZARNI VETRANI TUNELU MRAZOVKA

Ing. Ludvik Sajtar - Ing. Jan. Jan Vaclavik - Ing. Jif Zapaika
gického vybaveni tunelu - provozni a pozarni vétrani. Tyto dva systémy také
nejvyraznéji ovliviiuji bezpetnost provozu a uzivatell tunelu.
Je popsan systém provozniho vétrani tunelu, ktery ma fadu obtiznych
aspektl, jejich uspésné vyfeseni v8ak zefektiviiuje provoz vétrani bez zvy-
$eni objemu stavebnich praci.
Pozarni vétrani je, oproti pivodnimu feSeni s odvadénim koute pouze jed-
nim smérem ve sméru variabilniho proudéni vzduchu, fe§eno pomoci odsa-
vacich otvor(l ve stropé tunelu, svadéjicich kouf do odvodniho vzducho-
technického kanalu pod vozovkou tunelu, &imz se priikazné zvysila uinnost
ochrannych opatieni pfi vzniku poZéru.
« SANACNI A KOMPENZACNI INJEKTAZE NA TUNELU MRAZOVKA

Ing. Jan Sperger - Ing. Jan Hrabének
Sanaéni a kompenzaéni injektaZe jsou soucasti souboru opatfeni, kterd eli-
minuji nepfiznivy vliv razby velkého profilu na stabilitu horninového masi-
vu a deformace nadlozi tunelu.
PFispévek popisuje zplisob provadéni sana¢nich injektaZi nad klenbou tune-
lu z hlediska vrtani a tlakovéni; vzhledem k vyraznému néar(istu presiome-
trického modulu je injektaZ hodnocena jako Gspésna. Kompenzaéni injektd-
e jsou principielné popsany z hlediska pfipravy a provedeni jejich prvni
faze po prichodu levé boéni Stoly tunelu pod ulici Ostrovského. Vysledné
hodnoceni poklesi a kompenzaci zastavby bude k dispozici az po vyrazeni
celé tunelové trouby.

obtained from tunnelling index classifications. A combination of empiri-
cal methods with mathematical modelling and the observational method
is recommended, which makes changes in the design possible in the
course of the construction.

« TUNNELS MRAZOVKA FROM THE SOUTH
Kariovsky V., Gremlicka M.

The southern part of the Mrdazovka tunnel is very complicated in its disposi-
tion. The pair of triple-lane tunnels bifurcates at two places (max. profile of
324 n?) into double-lane tunnels (running ones) and single-lane ones (entry
and exit branch to Radlické street). Even other structures are a part of the
southern lot, carried out by SUBTERRA a.s., mostly with extraordinarily
large cross sections, i.e. a ventilation fan room (200 m?), a transformer sta-
tion (156 m?), crossing of the WTT with the transformer station and tunnel
cross passage, with an intersection of vaults of different span. The construc-
tion method used for individual, still unperformed spaces is completed by a
description of a successful passing of the west tunnel excavation through
the cover of the sewer “P”, collecting sewage from the whole area of South-
western City.

« MONITORING OF THE MRAZOVKA TUNNEL

Koleckar M., Zemanek |.
The paper informs about the extent of monitoring in the course of the
Mrézovka tunnels construction, and with several partial results obtained in
the first year of the work. Fundamental attention in the published results is
paid to the surface subsidence, namely to the relation to limiting deforma-
tional values and various types of the tunnel face sequencing.

« DESIGN OF THE MRAZOVKA TUNNEL
Némecek J., Butovi¢ A., Ebermann T., John V.

This paper describes in a complex manner the procedure of designing the
Mrézovka tunnel, starting from the alignment proposal and spatial solu-
tion of the tunnel, through the proposal of the tunnelling technique,
structural solution and structural analyses, to the surface buildings pro-
tection. The article places stress on the use of the observational method
in the meaning of the EUROCODE standards, which allow changes in
structures design during the work. Definition of the conditions of allow-
able states, warning states and emergency states is a prerequisite. The
limit values of corresponding deformations, slopes, failures etc. were
determined in the design.

« FINDINGS SELECTED FROM THE MRAZOVKA TUNNEL SHOTCRETING
Polak P

The use of sprayed concrete and its composite action together with the other
supporting elements (meshes, lattice girders, anchors) is an inseparable part
of the New Austrian Tunnelling Method. In the massifs with a short-term sta-
bility of the excavation, it is necessary to pay an extraordinary attention to
the properties of shotcrete. The excavation of the WTT Mrdzovka is per-
formed from the northern side, just through a massif of this type. The article
describes the process of determination of the shotcrete formula to achieve
the strength B 25 required from the point of view of aggregates used, cement
and accelerating additive. It also describes the manner of execution and
assessment of the results of selected properties of sprayed concrete on the
Mrdzovka tunnel.

« THE OPERATIONAL AND FIRE-EVENT VENTILATION SYSTEM

IN THE MRAZOVKA TUNNEL

Sajtar L., Vaclavik J., Zapérka J.
The paper is only focused on two most important operational lots of the tun-
nel technological equipment, i.e. operational and fire-event ventilation. These
two systems affect the safety of operation and users of the tunnel most of all.
The article describes the operational ventilation system in the tunnel, which
has a number of exacting aspects. Although, their successful solution makes
the ventilation operation more efficient without increasing the volume of con-
struction works. The fire-event ventilation is, as opposed to the original solu-
tion with evacuation of smoke in one direction only, i.e. in the direction of the
variable air flow, solved by means of exhaustion openings in the tunnel roof,
diverting smoke to a exhaust air duct under the tunnel roadway. As a result,
efficiency of protective measures in case of fire has increased evidentially.

« THE REHABILITATION AND COMPENSATION GROUTING

FOR THE MRAZOVKA TUNNEL

Sperger J., Hrabanek J.
The rehabilitation and compensation grouting is a part of a package of mea-
sures, which eliminate the adverse effect of a large-profile excavation on the
stability of a rock massif and on deformations of a tunnel overburden.
The paper describes the manner of execution of rehabilitation grouting
above the tunnel roof from the point of view of drilling and pressurising.
With regard to an expressive increase in the pressuremetric modulus, the
grouting is assessed as successful. Compensation grouting is, in principle,
described from the point of view of preparation and execution of its first
phase, after passing of the left-side side adit under Ostrovského street.
Final evaluation of settlement and compensation under existing buildings
will be available only after completion of the whole tunnel tube excavation.

|
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NOVE TUNELY NA UZEMI BRATISLAVY

NEW TUNNELS IN THE TERRITORY OF BRATISLAVA
(ING. MARTIN BAKOS, CSc., ING. VIKTORIA CHOMOVA, ING. JAN KUSNIR, INFRAPROJEKT S.R.O. BRATISLAVA)

DIALNICNY TUNEL SITINA

Tunel Sitina bude prvym slovenskym dialniénym tunelom budovanym
v intravilane. Na zéklade poskytnutého Gveru na jeho vystavbu zo zahrani-
gia sa predpoklada zacat s jeho vystavbou v roku 2001.

Tunel Sitina tvori strednu ¢ast projektovaného useku dialnice D2 Lamacské
cesta - Staré grunty, ktory spaja existujuce dialni¢né Useky na Uzemi
Bratislavy. Obe jednosmerné tunelové rury st tvorené tromi konstrukéne
a stavebne odlisnymi tsekmi: hibeny tunel v areali Slovenskej akadémie
vied s obsluinym objektom pri severnom portali v dizke cca 210 m {tunelové
rury budované v otvorenej stavebnej jame a nasledne presypané), prava,
resp. lava razené tunelova rira s dizkou 1159 m, resp. 1184 m a hibeny usek
s obsluznym a vetracim objektom pri juznom portali s priemernou dizkou 45 m.
Co sa tyka inziniersko-geologickych a hydrogeologickych podmienok v trase
tunela Sitina a blizkeho okolia sa naché&dzaju horniny krystalinika a zeminy
neogénu a kvartéru {obr. 1).

Horniny bratislavského masivu st reprezentované granitoidnymi horninami
- granitmi az kremitymi granodioritmi.

Neogén je zisteny len pod kvartérnymi sedimentmi vrtmi v hibenom Gseku
tunela v aredli SAV. Je tvoreny pieskom ilovitym a ilom piescitym o hribke
4 - 6 m, v podlozi so zénou tektonicky rozrusenych granitoidov.

Z kvartérnych sedimentov su najrozdirenejsie hlinito-kamenité sutiny pat-
riace deldviu. Podzemna voda v masive Sitiny je vylu€ne zrazkového povo-
du. Hladina podzemnych véd nie je napata.

Tunel Sitina bude razeny prevazne vo velmi porusenom granitoidnom masi-
ve Sitina, pricom niveleta trasy je vedena relativne plytko pod povrchom teré-
nu. Razit sa bude cyklicky najmé pomocou vrtno-trhacich préc, pripadne
pomocou tunelového bagra. Lokalne bude potrebné pri razeni pouZit Specidl-
ne postupy z dovodu zabezpecenia stability ¢elby {mikropildtovy dazdnik).
Ostenie tunela bude dvojplastové s medzifahlou hydroizolaénou vrstvou.
Primarne ostenie je na zaklade statického vypoctu dimenzované tak, aby
spolahlivo zabezpectilo stabilitu vyrubu tunela a plnilo nosnu funkciu v ase
prerozdelenia napéti v horninovom masive do vybudovania sekundarneho -
definitivneho ostenia. Jeho hrubka je 100 - 250 mm, resp. 400 mm v spod-
nej klenbe, a to v zavislosti od vystrojovacej triedy. Zakladnym prvkom pri-
marneho ostenia je striekany beton v kombinacii s SN kotvami dlzky 4 a 6
m, pripadne 8 m v nudzovych zélivoch, zvaranou ocelovou sietou a podper-
nymi ocefovymi oblukovymi nosnikmi (TH a HCC profil).

Sekundarne - definitivne ostenie bude zabudovavané do vyrubu vystrojené-
ho primarnym ostenim a plo$nou hydroizolaciou az po Uplnom dozneni -
ustaleni deformacii. Sekundarne ostenie zo zelezobetonu je navrhnuté len
vo vynimoéne zloZitych Usekoch (portdlové zdny, nudzové zélivy)
Minimalna hribka sekundarneho ostenia je 300 mm (obr. 2), resp. 350 mm
v mieste nudzovych zalivov.

Hydroizolacia tunela je navrhnutd ako medzilahid z PVC, resp. PE fdlie
hrabky min. 2 mm s ochrannou signalnou vrstvou na licnej strane. Je uva-
zovana po celej dlzke tunela, v prieénom smere po celom obvode okrem
dna. V pripade velmi zloZitych hydrogeoclogickych podmienok - ak sa potvr-
dia v rdmci dodatoéného hydrogeologického prieskumu - bude potrebné
uvaZovat o navrhu hydroizolacie aj v dne tunela.

Bezpeénost prevadzky tunela vyzaduje aj zvladtne stavebné Upravy v tuneli
- vybudovanie SOS vyklenkov vo vzajomnej osovej vzdialenosti 180 m, pro-
tipoziarnych vyklenkov vo vzajomne] osovej vzdialenosti 90 m, troch tniko-
vych chodieb a nudzovych zélivov priblizne v strede oboch tunelovych rar.
Navrhnuty pozdizny systém vetrania pomocou pridovych ventilatorov & 1320
mm zavesenych pod stropom tunela bol spracovany na zaklade vypoétu potreb-
ného mnozstva vzduchu. Znegisteny vzduch z vychodnej tunelovej rdry bude
yyfukovanv cez severny portal. Na zaklade prili§ vysokych koncentracii imisii na
Juznom portali, ktoré sa preukazali v priebehu rozptylovych vypoétov, je navrh-
nute zo zapadnej tunelovej rdry dodatoéné odsévanie ¢asti zneéisteného vzdu-
cll'nu a jeha vyfukovanie cez vetraciu Sachtu a komin vysky 10 m do atmosféry
rychlostou 156 m/s. V pripade potreby je moiné odsat z dopravného priestoru
max. 80 m's znetisteného vzduchu. Toto mnoZstvo bude odsévané pruzne ulo-
Zenym axialnym pretlakovym ventilatorom s frekvenénym menitom otacok
a@ s uzatvaracou klapkou, aby sa pri jeho vypnuti zabranilo samovolnému rozté-

MOTORWAY TUNNEL SITINA

The tunnel Sitina will be the first Slovak tunnel constructed inside the
territory of the city. On the basis of a granted credit for its construction
from abroad, it is supposed that the construction will start in the year 2001.
The tunnel Sitina forms the middle part of the designed section of the
motorway D2 Lamacska cesta - Staré grunty, which connects the exist-
ing motorway sections in the territory of Bratislava. Both one-way
tunnel tubes are formed by three sections being different as to the
design and construction point of view: the cut-and-cover tunnel in the
area of the Slovak Academy of Science with a service building at the
northern portal in the length of about 210 m (tunnel tubes constructed in
an open building pit and then backfilled), the right, resp. left driven tunnel
tube of the length of 11569 m, resp. 1184 m, and the cut-and-cover sec-
tion with the service and ventilation building at the southern portal with
the average length of 45 m.

As to engineering-geological and hydrogeological conditions in the line
of the tunnel Sitina and in the near neighbourhood, there take place
crystalline rocks and Neogene and Quaternary grounds (Fig. I).

Rocks of Bratislava massif are represented by granitoids - granites up to
quartziferous granodiorites.

Neogene grounds were found out only under Quaternary sediments by
boring in the cut-and-cover section of the tunnel in the area of the Slovak
Academy of Science. It is formed by a clayey sand and sandy clay of the
thickness of 4 to 6 m, and in the underbed there take place tectonicly dis-
turbed granitoids.

As to Quaternary sediments, the most part of them is represented by
earth-stony debris ranked among diluvium.

Ground water in the Sitina massif is only of a rainfall origin. The water table
is not tensioned.

The tunnel Sitina shall be driven mostly in a very broken granitoid massif
of Sitina, and the profile grade of the line takes place relatively not too
deep under the ground. Driving operations shall be performed in a cyclic
way, particularly by means of drill-and-blast, possibly by means of a tunnel
excavator. Locally, it will be needed to apply for driving special methods
because of securing the face stability (micropile umbrella). The tunnel lining
shall consist of two passes with an intermediate hydroinsulating layer.

The primary lining has been dimensioned, on the basis of a static calcu-
lation in such a way that it may secure reliably the tunnel stope stability
and perform the carrying function in the time of stress redistribution in the
rock massif till the secondary final lining is constructed. Its thickness shall
be 100 to 250 mm, possibly 400 mm in the invert, viz. in dependence upon
the support class. The basic element of the primary lining is represented by
shotcrete in combination with SN anchors being 4to 6 mlong, resp. 8 m
in emergency bays, with a steel mesh and with supporting steel arches
(profiles TH and HCC).

The secondary - final lining shall be installed in the stope provided with
primary lining with a waterproofing membrane after deformation having
got settled. The secondary lining made of reinforced concrete s
designed only in extremely complicated sections (portal zones, emer-
gency bays). The minimum thickness of the secondary lining is 300 mm
{Fig. 2}, resp. 350 mm in the place of emergency bays.

The hydroinsulation of the tunnel has been designed as an intermediate
one, made of PVC, resp. PE foil of the min. thickness of 2 mm, with a pro-
tective signal layer on the face side. It is considered to be allover the tun-
nel length in the transversal direction, allover the circumference except
the bottom. In case of very complicated hydrogeological conditions
- if they are determined by the additional hydrogeological investigation -
it will be necessary to take into consideration a design of a hydroin-
sulation in the bottom too.

The safety of the tunnel operation also requires special building adap-
tations in the tunnel - a construction of SOS recesses in mutual axial dis-
tances of 180 m, of fire emergency recesses in mutual axial distances of 90
m, and of three escape corridors approximately in the middle of both tun-
nel tubes.

R R R
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¢aniu obezného kota. Odtahovy ventilator bude osadeny v podzemnom vetra-
com objekte vzdialenom cca 35 m od juzného portalu, Tymto rieSenim sa znizi
negativny vplyv prevadzky tunela na Zivotné prostredie Mlynskej doliny so ZOO.
Tunel Sitina bude vybaveny Standardnymi bezpec¢nostnymi zariadeniami:
SOS kabiny s ru¢nymi hasiacimi pristrojmi, radiové spojenie, uzatvoreny TV
okruh, automatické a tlacidlové poziarne hlasice, nidzové osvetlenie, doprav-
né znadenie a svetelnd signalizacia, kontrola vysky a detekcia vozidiel.

KedZe tunel Sitina sa nachadza v intravilane, velka pozornost bola venova-
na aj architektonickému stvarneniu oboch portalov (obr. 3). Vysledkom je
rieSenie, ktorym sa dosiahne maximalny sulad a prirodzené zatlenenie
novo navrhovaného diela do okolitého prostredia bez narusenia architekto-
nického charakteru dotknutého Uzemia a zaroven sa vytvoria predpoklady
pre bezkoliznu prevadzku v tuneli.

SEVERNA TANGENTA BRATISLAVA

Tunel Prazska - Smrecianska ako rozhodujuci tunelovy objekt stavby Severna tan-
genta Bratislava tvori podstatnu ¢ast dopravno-urbanistického prepojenie ulic
Prazska a JaroSova (obr. 4). V8etky 3 spracované varianty po¢itaju s dvomi tune-
lovymi rurami, kazda pre jeden smer cestnej dopravy. Tunely Vetva A a B v rdmci
tunelového variantu tvori vidy jedna tunelova rira navrhnuta pre jednosmernu
dopravu - odbodovaci, resp. pripojovaci pruh. Tunel Jaro$ova je navrhnuty na
severnej tangente popod krizovatku Radianska s napojenim na JaroSovu ulicu.

il piesity a piesok ilovity

Hlina, hlinitokamenita sut’

The designed longitudinal system of ventilation by means of jet fans
Dia 1320 mm, hanged up under the tunnel ceiling was elaborated on the
basis of a calculation of the needed air quantity. Poluted air from the
eastern tunnel tube shall be exhausted through the northern portal. On
the basis of too high concentrations of immissions at the southern por-
tal which arose in the course of diffusion calculations, it is designed
that a sufficient suction of polluted air shall take place, as well as its
exhausting through a ventilation shaft and stack, 10 m high, into atmos-
phere with the velocity of 15 mps. In case of need, it is possible to suck
off, from the transport area, max. 80 cub.mps of polluted air. This quan-
tity will be sucked off by means of an elasticly seated axial overpressure
fan provided with a frequency speed-changing device and with a clos-
ing valve, which is to secure that, at its switching off, a spontaneous
rotation of the moving wheel does not start. Said suction fan shall be
installed in the underground ventilation building, in the distance of
about 35 m from the southern portal. Said solution will decrease the
negative influence of the tunnel operation upon the environment of the
Mlynska dolina with ZOO.

The tunnel Sitina shall be equipped with standard safety equipment:
cabins SOS with hand-held extinguishers, radio connection, closed
TV circuit, automatic and push-button fire detectors, emergency illu-
mination, road signs and light signalling, height inspection and car
detection.

Uplne zvetralé granodiority
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Obr. 1 Podlzny geologicky profil tunela Sitina
Fig. 1 Longitudinal geological profile of the Sitina tunnel

Sekundarne(B 30)
Secondary lining
(B 30)

Primarne ostenie |
(striekany beton) :
Primary lining
(shotcrete)

---- Plo3na izolacia
z PVC (PE) 2 mm
Membrane insulation

made of PVC (PE) 2 mm

Obr. 2 Vzorovy priecny rez razeného tunela bez spodnej klenby
Fig. 2 Model cross section of a driven tunnel without an invert

As the tunnel Sitina takes place inside the city territory, a great atten-
tion was drawn to the architectural solution of both portals (Fig. 3).
It results in the solution when a maximum compliance with, and nat-
ural situation of the new work in the respective surrounding was achieved,
without damaging the architectural character of the respective territory.
Simultaneously there will arise preconditions for a troublefree opera-
tion of the tunnel.

NORTHERN TANGENT ROAD OF BRATISLAVA.

The tunnel Prazskd - Smreéianskd, as a deciding tunnel part of the con-
struction of Northern Tangent Road of Bratislava, forms the essential part
of the transport - city planning interconnection of the streets PraZskd and
Jarosova (Fig. 4). All three elaborated variants include two tunnel tubes,
each of them for one traffic direction. Tunnels Branch A and B, within the
tunnel variant, are always formed by one tunnel tube esigned for a one
way transport - deflecting, resp. connecting traffic lane. The Jarosova tunnel
has been designed on the northern tangent road under the crossing
Racianska with a connection to the JaroSova street.

With respect to the age, the geological structure of the respective territory is
formed by the following complexes: Crystalline Palaeozoic rocks, sea Neogene
sediments and lake ones, proluvial, diluvial, fluvial and anthropogene
Quaternary sediments. Crystalline Palagozoic rocks of are formed by heavily tec-
tonicly faulted granites and granodiorites. The thickness of Neogene sediments
is more than 55 m with a frequent changing of cohesive and cohesionless sed-
iments. Cohesive sediments are of the character of clays of various plasticity,
cohesionless sediments are represented by earth sands and clayish ones.
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Z hladiska veku geologickl stavbu zaujmového Gzemia tvoria nasledovné
komplexy: krystalické horniny paleozoika, morské a jazerné neogénne sedi-
menty, proluvidlno-deluviéine, fluvidine a antropogénne sedimenty kvartéru.
Krystalické horniny paleozoika su tvorené silne tektonicky poru$enymi gra-
nitmi a granodioritmi.

Mocnost neogénnych sedimentov je vy$e 55 m s ¢astym striedanim sudr-
nych a nesudrznych sedimentov. Sudrzné maju charakter ilov réznej plasti-
city, nesidrzné s reprezentované hlinitymi a ilovitymi pieskami.

Kvartérne sedimenty vytvorené eréznou &innostou rie¢nej {Dunaj) a dazdo-
vej vody sl zastdpené Strkopieskami, ilovitymi pieskami a pieséitymi flmi vo
forme terasavitych stupfiov vzniknutych pri tektonickom poklese Uzemia -
presun koryta rieky Dunaj. V3etky kvartérne sedimenty boli prekryté svaho-
vymi (deluvidlnymi) sedimentami vo forme hlin o hribke aZ 11 m.
Antropogénne sedimenty vo forme navézky mocnosti az do 12 m si tvore-
né heterogénnym materialom vytvorenym stavebnou &innostou &loveka.
HPV bola zistena na rozhrani navaziek a sedimentov naplavového kuzefa.
Zdrojom vody st zrazky, ktoré po vsiaknuti prudia na rozhrani svahovych hlin
a skalného podlozia a nsledne napajaju navazky. HPV nemaé napéty charakter
a vy$ka vodného stlpca nad neogénnym podloZim nie je vysoka (20 - 30 cm).
Podzemn4 voda v neogéne je viazana na pieséité polohy. V kazdom vrte boli ziste-
ne 1 - 2 takéto horizonty. M4 vyrazny vztlakovy charakter. Zdrojom dotacie pod-
zemnych vod v piestitych neogénnych kolektoroch si zrazkové vody prestupuji-
ce na okraji Malych Karpat a predovsetkym vody z kvartérnych sedimentov.
Prierez hibeného tunela Praiska - Smregianska, stasti hibeného tunela
Vetva B {224 m), ako aj hibeného tunela Jaro$ova (360 m), je obdlznikovy
s priechodnym prierezom 7,50/4,60 m {obr. 5). Pri tunelovom variante st
obe tunelové rlry (lavad a pravéa tangenta dlhé 713 a 974 m) na dizke
713 m spojené strednou deliacou stenou. Na dizke 261 m je prava tunelova
rura - pravd tangenta vedena samostatne. Pri tunelovo-estakadovom vari-
ante, ktory je podobne ako tunelovy variant situovany juzne od Zelezniénej
stanice, je dizka lavej tunelovej rary - favej tangenty 326 m. Pri trefom vari-
ante je tunel Prazska - Smrecianska razeny pod kopcom Straze severne od
zeleznitnej stanice. Dizka tunelovych rur je potom 706 m, resp. 663 m.
Hibené tunely, z ktorych rozhoduijtci je tunel Prazskd - Smrecianska (varian-
ty juzne od Zelezni¢nej stanice), budi budované v otvorenej stavebnej jame
pod ochranou podzemnych stien. Podzemné steny hribky 0,8 m bud hibe-
né pomocou drapékov. PaZenie a sdasne aj tesnenie stavebnych jam
mozno zabezpedit monolitickymi alebo prefabrikovanymi zelezobeténovymi

Qbr. 3 Pphl'ad na buduci juzny portal tunela Sitina
Fig. 3 View onto the future southern portal of the Sitina tunnel

Quaternary sediments formed by erosion activity of river (Danube) water
and rain one are represented by gravel sands, clayish sands and sandy
clays in the form of terrace steps arisen at a tectonic subsidence - shift-
ing of the Danube river-bed. All Quaternary sediments were covered with
slope {diluvial) sediments in the form of soil, the thickness of which was
upto 11 m.

Anthropogene sediments in the form of made-up ground being up to
12 m thick, are formed by a heterogenous material formed by a building
activity of a man.

Water table was found out at the boundary line of made-up grounds
and sediments of the alluvium cone. The source of water, that are rain
falls which, after getting soaked, stream at the boundary line of slope earth
and bedrock, and then they disappear in made-up grounds. Water table
has not a tensioned character and the height of a water column over the
Neogene bedrock is not too high (20 to 30 cm).

Ground water in Neogene grounds depends upon sand positions. In each
bore, there were found out 1 to 2 such horizons. It has a significant
upward pressure, The source of ground water in sandy Neogene collec-
tors is represented by rain-water from the edge of Small Carpathians and,
in the first place, water of Quaternary sediments.

The cross section of the cut-and-cover tunnel PraZska - Smreéianska, of the
partially digged tunnel Branch B (224 m), as well as of the cut-and-cover
tunnel Jarosova (360 m), is of an oblong shape with a passage cross sec-
tion 7.50/4.50 m (Fig. 5). At the tunnel variant, both tunnel tubes (left and
right tangent road, 713 and 974 m long) are connected in the length of
713 m by means of a central separating wall. In the length of 261 m, the
right tunnel tube - the right tangent road is led independently. At the tun-
nel - estacade variant which is analogous to the tunnel variant situated
south of the railway station, the length of the left tunnel tube - the left tan-
gent road is 326 m. In the third variant, the tunnel Prazskd - Smreéianska is
driven under the hill StraZe, north of the railway station. The length of
the tunnel tubes is then 706 m, resp. 663 m.

Cut-and-cover tunnels, the deciding one of which is the tunnel PraZskd
- Smreéianska (variants south of the railway station} shall be construct-
ed in an open cut under protection of diaphragm walls. The diaphragm
walls, 0.8 m thick, shall be excavated by means of grabs. Casing and
simultaneously even sealing of building pits may be secured by means
of monolithical or prefabricated reinforced concrete walls. An advan-
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stenami. Vyhoda prefabrikovanych podzemnych stien (hrubka prefabrikatov
0,6 m) oproti monolitickym je napriklad v tom, Zze maju hladky povrch steny,
ktory si nevyzaduje dodatocné Upravy. Stabilita monolitickych alebo pre-
fabrikovanych podzemnych stien sa zabezpeéi ich votknutim a rozopieranim
v jednej, pripadne v dvoch Urovniach. Na dne stavebnych jam sa na pod-
kladnom betone vybeténuji zakladové dosky hribky 1,0 m (B30), ktoré
budu pred pdsobenim agresivnej podzemnej vody chranené hydroizolatnou
foliou. Po vybeténovani zakladovych dosiek sa vybuduju steny a stropy
tunelov (B30), ktoré sa nasledne zasypu a povrch sa upravi do poZadované-
ho stavu. Hydroizoldcia stropu je zabezpeéend féliou s ochrannou vrstvou,
hydroizolacia stien naterom na béze krystalizacie. Vozovka a chodniky sa
budi budovat u? v zasypanych tuneloch. Nasledne sa osadi aj technologic-
ké vybavenie tunelov.

Pri tunelovom variante sa podchéadza trafostanica, ktord musi byt v pre-
vadzke pocas celej doby vystavby tunela Prazska - Smreéianska. Na jej pod-
chytenie {finanéne a technicky velmi narocné!) sa navrhuje po hokoch trys-
kova injektaz {v zavislosti od skutoénych |G a HG pomerov) a pod zakladmi
pretlatané ocelové riry priemeru 800 mm a dizky cca. 20 m. Tunel sa pod
takto zabezpeéenou trafostanicou vyrazi po etapach dizky cca. 3,0 m.
Su¢asne sa bude po etapach rovnakej dlzky budovat zékladova doska,
boc¢né a stredna deliaca stena a strop tunela.

Navrh postupu a technologie razenia tunela Straze v tretom variante Severnej
tangenty vedenej severne od Zeleznicnej stanice vychadza z inziniersko-geo-
logickych a hydrogeologickych podmienok v trase tunela. Tunel bude razeny
podla zasad tzv. NRTM, zndme;j aj pod nazvom "Metdda striekaného betonu”
pomocou vrtno-trhacich préc, resp. pomocou tunelového bagra.

Konstrukcia tunela sa bude skladat z primarneho a sekundarneho ostenia
{obr. 6). Primarne ostenie tvori strieckany betén s ocelovymi oblikovymi
nosnikmi, SN kotvami, ocelovymi sietami, pripadne vypliiovymi rohoZami.
PoufZitie, resp. mnozstvo oblukovych nosnikov a hribka striekaného beténu
budi zavislé od geologickych pomerov v trase tunela. Zaciatok razenia bude
pod ochrannym dazdnikom z mikropildt & 200 mm, na portéli Prazska
v kombinacii s ,korytnackou” dlhou 10 m. Odbodovacia vetva A z tunela
Prazska - Smrecianska (315 m) sa bude razif pod ochranou hnaného paZenia
z UNION painic, eventualne BERNOLD plechu {pod uZ existujucim tunelom
Prazska - Smrecianska pod ochrannym dézdnikom z mikropildt @ 200 mm),
ktoré sa budu v kazdom zébere po obvode vyrubu zatlaéat.

Vyrub tunela bude v prieénom smere rozdeleny na kalotu, lavicu a dno. Razenie
kaloty aj lavice méze byt najma v priportalovych Usekoch rozélenené na viac
faz, z dévodu zvySenia stability vyrubu a bezpecnosti prace pocas razenia.
Sekundarne ostenie hrubky 350 mm bude z monolitického beténu B30.
Medzi primarne a sekundarne ostenie sa uloZi medzifahld hydroizolécia
z PE, resp. PVC folie hrdbky min. 2 mm.

Systém vetrania, spracovany na zaklade orientaéného vypoétu potrebného
mnozstva vzduchu, je vo véetkych tuneloch navrhnuty ako pozdizny - pomo-
cou prudovych ventilatorov zavesenych pod stropom tunela.

Systém vetrania rata vo vsetkych tunelovych rurach s vypustanim znegisteného
vzduchu na vyjazdovych portaloch. Na zaklade prili§ vysokych koncentracii imi-
sii na vyjazdovom portali pravej tunelovej rury tunela Prazska - Smreéianska,
ktoré sa preukazali v priebehu rozptylovych vypogtoy, bolo navrhnuté dodatoc-

Bratislava

Obr. 4 Situacia Severnej tangenty Bratislava - 3. varianta
Fig. 4 Layout of the Northern Tangent Road in Bratislava - third variant.

tage of prefabricated undergr'owd walls (thickness of prefabricates is
0.6 m) with respect to monolithical ones resides e.g. in the fact that
they have a smgoth wall su_rfa'ce which requires no additional treat-
ment. The stability of m_on'ollthl_cal or prefabricated underground walls
shall be secured by their inserting and brdcing in one or in two levels.
On the bottom of building pits, on blinding concrete, foundation slabs
shall be concreted, 1,0 m thick (B 30), which shall be protected by
means of a hydroinsulating foil against activities of aggressive ground
water. After the foundation slabs have been concreted, walls and roof
slabs (B 30} of the tunnel shall be constructed and afterwards they shall
be backfilled, and the surface shall be adapted in the required state. The
roof slab hydroinsulation is secured by means of a foil provided with a
protective layer, the hydroinsulation of walls shall be performed with a
paint on crystallization base. The roadway and pavement shall be con-
structed in tunnels already backfilled. Then even technological equip-
ment of tunnels shall be mounted.

As to the tunnel variant, there must be underpassed a transformer sta-
tion which has to be in operation during the whole construction peri-
od of the tunnel PraZska - Smrelianska. For its securing (very exacting
from the financial and technical point of view), there is designed jet
grouting on sides {in dependence upon the real EG and HG conditions),
and steel tubes Dia 800 mm, about 20 m long, forced through under
foundations. The tunnel shall be driven under the transformer station
secured in the mentioned way by stages of about 3 m long.
Simultaneously there will be constructed the foundation slab by stages
of the same length, as well as side walls and the central separation wall
and the tunnel roof slab.

The procedure design and the driving technology of the tunnel Stréze pro-
posal in the third variant of the Northern Tangent Road situated north of
the railway station is based on engineering-geological and hydrogeological
conditions in the line of the tunnel. The tunnel shall be driven according to
the rules of NATM, also known under the name the “Shotcrete method”,
by means of drill-and-blast works, or by means of a tunnel excavator.

The tunnel design shall consist of the primary and secondary lining
(Fig. 6). The primary lining shall be made of shotcrete with steel arch-
es, SN anchors, steel nets, possibly filling mats. The application, or num-
ber of steel arches and thickness of shotcrete shall depend upon geo-
logical conditions in the tunnel line. The driving beginning shall be
under a protective umbrella of micropiles Dia 200 mm, on the portal
PraZskd, in combination with a “tortoise”, 10 m long. The turning aside
Branch A from the tunnel Prazska - Smrecianska (315 m) shall be driven
under protection of forepoling made of UNION sheet piles, or of Bernold-
sheet {under the existing tunnel PraZska - Smrecianska under the protec-
tive umbrella made of micropiles Dia 200 mm) which shall be continu-
ously driven in on the circumference of the stope.

The tunnel excavation shall be divided in the transversal direction into a
calotte, bench and invert. The calotte driving and bench one may be divid-
ed, particularly in sections near portals,”in more stages, due to increasing
the stability of the stope and safety of work during performing driving oper-
ations.
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né odsavanie ¢asti vzduchu z dopravného priestoru a jeho vyfukovanie cez vet-
raciu $achtu a komin vysky 10 m do atmosféry rychlostou 15 m/s.

Objekty jednotlivych tunelov, s ktorymi sa uvazuje v rémci dokumentacie sta-
vebného zdmeru pre stavbu Severna tangenta Bratislava, tvoria rozhodujticu
stavebno-technicki Cast predmetného diela. Pri spracovavani projektovej
dokumentécie bolo potrebné vyriesit mnoistvo geotechnickych problémov
spojenych s tou skutotnostou, Ze ide o mestsky tunel {tunely) krizujdci budu-
ci tratovy tunel metra, v blizkosti ktorého sa nachadzaju budovy bratislavskej
Zeleznitnej stanice. Velky doraz sa rovnako kladol na ochranu Zivotného
prostredia, i uz pocas jeho vystavby alebo po uvedeni tunela do prevadzky.

NOSNY SYSTEM MHD V BRATISLAVE

Mestskd hromadné doprava (MHD) predstavuje vyznamnu zlozku dopravné-

ho systému Bratislavy. Neustale zvySovanie narokov na prepravu cestujd-

cich si vyZiadalo hladat kvalitativne vy$si dopravny systém. Takym je metro,
ktoré bude tvorit novy nosny systém MHD Bratislavy.

Zakladnou schémou bratislavského metra st dve trasy {(obr. 7):

- trasa A, spéjajlca severozapadnu so severovychodnou ¢asfou mesta,

- trasa B, spéjajuca juznu Gast mesta {Petrzalka) s hlavnou Zelezniénou sta-

nicou a Trnavskym mytom.

Casov(i prioritu méa vystavba &asti trasy B v Useku od Petrzalky k hlavnej

Zelezni¢nej stanici s jej poototenim cez Malé Karpaty a doasnym ukonée-

nim na Trnavskom myte. Tento Usek je z hladiska vystavby technicky velmi

naro¢ny, lebo obsahuje prechod pod Dunajom, podtunelovanie centralnej
mestskej oblasti {CMO) a prechod cez skalny masiv Malych Karpat.

Predmetné Gzemie (Usek od km 4,8 po km 10,2) je tvorené nasledovnymi

geologickymi Utvarmi:

a) sedimenty terciéru a kvartéru {Useky trasy od hlavnej Zelezniénej stanice
- km 8,3 na juh a ¢ast od km 9,5 po dotasné ukonéenie trasy tunela cca
v km 10,2),

b} krystalinikum bratislavského masivu, reprezentované prevaine granitoid-
mi (Cast severne od hlavnej Zelezniénej stanice - km 8,3 az 9,5). Prevainu
¢ast skimaného Uzemia trasy B (na juh od hlavnej Zelezni&nej stanice)
tvoria kvartérne a neogénne {(terciér} sedimenty.

Kvartérne sedimenty st v celom svojom rozsahu produktom agradaénej éin-

nosti Dunaja. Komplex tychto fluvidlnych sedimentov predstavuje $trko-

piestité sivrstvie hribky cca. 12 - 15 m. V hibSich polohéch pribudaju vaé-

§ie vallny priemeru 150 az 200 mm a na rozhrani s podloznymi ilmi mozno

narazit na balvany priemeru 400 - 600 mm i viac (cca. 1,0 - 1,2 m), nepravi-

delne roztrisenymi na tejto kontaktnej vrstve.

Povrchové vrstvy (izemia su tvorené navézkami o hribke 2 - 6 m, ktorych

vlastnosti sa menia v zavislosti od obsahu hlinitej, resp. strkovite] frakcie.

Priame podloZie kvartérnym fluvidinym sedimentom tvoria ne celej trase neogén-

ne sedimenty. Litologicky st to hlavne ily, hlinité a prachovité jemnozrnné piesky.

Podzemna voda, kiord steka z Upétia Malych Karpat po povrchu neogénu do

nizie poloZenej Strkovej akumulacie, vytvéara spolu s vodou infiltrujicou

z Dunaja savisla hladinu. Pieséité strky pre ich vysoku priepustnost (koefici-

ent priepustnosti sa pohybuje v rozmedzi 10° - 10 2 m.s") umo#fujl inten-

zivny pohyb vody. Preto i droveft hladiny spodnych véd sa bude menit

v zavislosti od kolisania vody v Dunaji.

Na geologickej stavbe bratislavského azemia sa podielaju i granitoidy krys-

talinika (severne od hlavnej Zelezniénej stanice, cca od km 8,3 po km 9,5),

ktorymi bude trasa metra prechadzat. Uzemie tohoto Useku tvoria skalné

horniny silno zvetrané, prestiipené viacerymi tektonickymi zlomami.

Razenie tunela vo vy$sie spomenutych zloZitych a variabilnych geologic-
kych a hydrogeologickych podmienkach je velmi naroéné. Pre jeho zvlad-
nutie sa javi ako najvhodnejsia metoda Stitovania s pougitim tzv. zmie$ané-
ho (kombinovaného) §titu - mixatitu. V podstate je to univerzalne zariadenie
vhodné do tychto podmienok, ktoré méze pracovat ako bentonitovy &tit

v nestdrznych a zvodnenych zeminach, pripadne po Uprave frézovej hlavy

ako mechanizovany &tit (TBM v §tite) do velmi porudenych skalnych hornin.

RieSenie tratovych tunelov metra v Bratislave uvazuje bud s dvoma jedno-

kolajovymi tunelmi (poutitie &titu o cca 6,0 m) alebo s jednym tunelom dvoj-

kolajovym (pouzitie §titu o cca 9,5 m).

V ramci ostatne] projektovej dokumentacie INFRAPROJEKT s.r.o. riesil tune-

lové (iseky metra trasy B od stanice Zelezniéna zastavka v Petrialke, coa. od

km 4,8 po stanicu Trnavské myto v km 10,2, L.j. Gseky o celkovej dlzke 5,4 km.

Vzhladom na geologicku skladbu tzemia a predpokladand technologiu raze-

nia tunela bola trasa rozdelena na 2 useky:

- Usek od km 4,8 po km 8,3, dlzky cca 3,5 km, s prechodom pod korytom
rieky Dunaj a CMO,

- Usek od km 8,3 po km 10,2, dizky cca 1,9 km, s prechodom cez porusené
skalne horniny Malych Karpat, v dizke cca 1,0 km a s pokracovanim raze-
nia po stanicu Trnavské myto v nesudrinych zeminach.

Tunel bude od stanitenia 4,8 km razeny bentonitovym &titom. Stit bude pre-

The secondary lining, 350 mm thick, shall be made of monolithic concrete
B 30. Between the primary and secondary lining, there will be placed an
intermediate hydroinsulation made of PE, or PVC foil, thick min. 2 mm.

The ventilation system, elaborated on the basis of a rough calculation
of the needed quantity of air, is designed in all tunnels as a longitudinal
one - by means of jet fans suspended under the tunnel ceiling.

The ventilation system assumes that in all tunnel tubes polluted air
shall be forced out through outlet portals. With respect to too high
concentration of immissions at the outlet portal of the right tunnel tube
of the tunnel PraZska - Smrecianska, which were found out during the
scattering calculations, there was designed an additional suction of a
part of air from the traffic space and its exhausting through the ven-
tilation shaft and chimney, 10 m high, into atmosphere at the speed of
15 mps.

The structures of individual tunnels which are taken into consideration
within the documentation of the building design for the construction of the
Northern Tangent Road of Bratislava, form the deciding building-technical
part of the respective work. When elaborating the contract documentation,
it was necessary to solve many geotechnical problems related to the fact
that it concerns a urban tunnel (tunnels) crossing a future underground rail-
way tunnel, in the vicinity of which there take place buildings of the
Bratislava railway station. There was also placed a special emphasis on the
environmental protection, let it be during its construction or after setting
the tunnel into operation.

MAIN SYSTEM OF THE CITY MASS TRANSPORT IN BRATISLAVA

The city mass transport (CMT) represents an important component of the
Bratislava transport system. The continuous increase of requirements for
passenger transport resulted in the necessity to look after a transport sys-
tem of a higher quality. An underground railway is such a system, and it
shall form the new main system of the city mass transport in Bratislava.
The basic scheme of the Bratislava underground railway is formed by two
lines (Fig. 7):

- line A, mutually connecting the north-western and the north-eastern part
of the town,

- line B, mutually connecting the southern part of the town (Petrsalka)
and the main railway station and Trnavske myto.

The construction of a part of the line B in the section from PetrZalka to the

main railway station with its turning a little through Small Carpathians and

its temporary termination on the Trnavske myto, has the time priority. This
section is technically very exacting from the construction point of view,
because it comprises an underpass under Danube, undertunnelling of the
central city area (CCA), and an underpass through the rocky massif of the

Small Carpathians.

The respective territory (section from km 4.8 up to km 10.2) is formed by

the following geological formations:

a) sediments of tertiary and Quaternary periods (sections of the line from
the railway station - km 8.3 south of the station, and the part from km
9.5 up to a temporary termination of the tunnel line about in km 10.2),

b} crystalline rocks of the Bratislava massif, represented mostly by grani-
toids (the part north of the main railway station - km 8.3 up to km
9.5). The largest part of the investigated territory of the line B (south of
the main railway station) form Quaternary and Neogene (Tertiary) sed-
iments.

Quaternary sediments, in their whole system, form the product of the

agradation activity of the river Danube. The complex of these fluvial sed-

iments is represented by gravel sand measures, 12 to 15 m thick. In
deeper layers there exist larger boulders, Dia 150 up to 200 mm, and

at the boundary line with subsoil clays, one may find boulders of Dia 400

up to 600 mm and even more {about 1,0 to 1,2 m), spread irregularly in

this contact layer.

Surface layers of the territory are formed by made-up grounds, 2 to 6 m

thick, the properties of which are changed in dependence upon the con-

tents of a soil fraction or gravel one.

Neogene sediments form a direct bedrock for Quaternary fluvial sediments.

Lithologically, they are mostly clays, soily sands and dusty fine grain

sands,

Ground water which flows from the foot of Small Carpathians on the

Neogene surface into the lower seated gravel accumulation, forms,

together with water infiltering from Danube, a continuous water level.

Sandy gravel, for its high permeability, (permeability coefficient moves

within 10° to 10? ms”) enables an intensive water movement. That is why

even the level of ground water will change in dependence upon water fluc-
tuation in Danube.

In the geological structure of Bratislava territory, there take also part gran-

——
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Obr. 5 Vzorovy prieény rez hibeného tunela
Fig. 5 Model cross section of a cut and cover tunnel
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Obr. 8 Vzorovy priecny rez razeného tunela so spodnou klenbou
Fig. 6 Model cross section of a driven tunnel with an invert

Primarne ostenie (strickany beton)
Primary lining (shotcrete)

chadzat rozostavanymi stanicami Pribinova, Kamenné nadmestie a Suché
myto. Razenie bude prebiehat vo vrchnych partiach neogénu, tesne pod
bazou kvartéru. Tunel bude mat vnutornu svetlost 8,4 m (3tit & 9,5 m), oste-
nie bude skladané zo ZB tubingov s gumovym tesnenim hribky 0,4 m (obr. 8).
V pripade navrhu tunelov metra ako dve samostatné riry pre jednokolajovi
trat sa uvazuje s ich osovou vzdialenostou 12,0 - 13,0 m. Z hladiska vysko-
vého vedenia trasy navrhnuty maximalny pozdiZny sklon nepresahuje 50%..
Stanica metra Hlavna Zzelezni¢na stanica tvori posledny technologicky Usek
metra trasy B, zasobovaného z centrdlneho zariadenia staveniska v Petrzalke.
Separatné zariadenie s kompletnym vybavenim sa premiestni do blizkosti
novej $tartovacej komory. Tym, Ze tunelova trasa bude dalej prechadzat rozvol-
nenym horninovym prostredim Malych Karpéat, bude potrebné urobit uréité
technické opatrenia na tzv. zmieSanom (kombinovanom) stite (mix-§tite).
Uprava &titu bude spodivat najma v tom, Ze celé frézové koleso s rozpojovaci-
mi nastrojmi do nesudrinych zvodnenych zemin musi byt vymenené za frézo-
vU hlavu s diskami, vhodnu do skalnych hornin. Hornina sa bude rozpajat ¢el-
nymi diskami a vacsie skalné ulomky {cca 500 - 600 mm) sa dalej rozdrvia Celis-
tovym drviéom, umiestnenym v ¢elnej komore §titu, na mensie frakcie. Tieto sa
odtransportuju mokrou cestou potrubim do usadzovacich nadrzi, umiestne-
nych na povrchu v blizkosti separacného zariadenia. Premiestnenie separaéné-
ho zariadenia do novej polohy v blizkosti zastavky metra Hlavna Zelezni¢na sta-
nica umozni obsliZit zostavajlci Usek metra az po zastavku Trnavské myto.

Vsetky stanice metra budu budované v otvorenej stavebnej jame pod ochranou

itoids of a crystalline form {north of the main railway station, from about
km 8.3 up to km 9.5) through which the underground railway line shall
pass. The territory of this section is formed by rocky ground, considerably
weathered, and with many tectonic faults.

A tunnel driving in the above mentioned complicated variable geolog-
ical and hydrogeological conditions is very exacting. For works in them,
it seems to be as the most suitable the shielding method with an appli-
cation of a so called combined shield - mix-shield. In fact, it is a uni-
versal equipment, suitable for said conditions, which can work as a
slurry shield in cohesionless and water saturated earth, or after an
adaptation of the cutter head, as a mechanized shield (a TBM in the
shield) for very fractured rock.

The solution for underground railway tunnels in Bratislava concerns either
two single-track tunnels (a shield of Dia about 6.0 m will be applied), or one
double track tunnel (a shield of Dia about 9.5 m will be applied).

Within elaborating other documentation, INFRAPROJEKT s.r.0. solved tun-
nel sections of the underground railway line B from the station Railway sta-
tion Petrzalka, from about km 4.8 to the station Trnavske myto in km 10.2,
i.e. in the total length of 5.4 km.

With respect to the geological composition of the territory and to the
assumed technology for the tunnel driving, the line was divided in two
sections:

- section from km 4.8 up to km 8.3, about 3,5 km long, and with an under-
pass under the river-bed of Danube and the CCA,

section from km 8.3 up to km 10.2, about 1.9 km long, and with a pas-
sage through weathered rocks of Small Carpathians, about 1.0 km long,
and with continuation of driving up to the station Trnavske myto in cohe-
sionless earth.

The tunnel shall be driven from the chainage km 4.8 by means of a slurry
shield. The shield shall pass through stations being under construction, viz.
Pribinova, Kamenné namestie a Suché myto. The driving shall be realized
in upper parts of Neogene period, just under the base of Quaternary
period. The internal diameter of the tunnel shall be 8.4 m (Dia of the shield
& 9.5 m), the lining shall consist of reinforced concrete tubbing with a rub-
ber packing, 0.4 m thick (Fig. 8).

In case of a tunnel design for the underground railway as two independent
tubes for a single track line, it is considered that their axial distance shall
be 12.0 m up to 13.0 m. From the line elevation point of view, the designed
maximum longitudinal slope does not cross 50 %o.

The underground railway station Main Railway Station forms the last
technological section of the underground railway line B, supplied
from the central temporary site facility at Petrzalka. A separation
plant with a complete outfit will be replaced near the new starting
chamber. So the tunnel line shall further pass through the loosened
rock mass of the Small Carpathians, and it will be necessary to make
some technical measures as to the mix-shield. The adaptation of
the shield will reside particularly in the fact that the cutter head with
cutting tools for cohesionless water saturated earth must be
exchanged for a cutter head provided with discs suitable for rocks.
The rock will be disintegrated by face discs and larger rocky pieces
(about 500 to 600 mm) will be more crashed by means of a crasher,
situated in the face chamber of the shield, to smaller fractions. Said
fractions will be transported in a wet way through piping into sedi-
mentation tanks situated on the ground near the separation plant.
When placing the separation plant in a new position near the station
of the underground railway Main Railway Station, it will be possible
to provide services to the remaining section of the underground rail-
way up to the station Trnavské myto.

All stations of the underground railway shall be constructed in an open
building pit under the protection of diaphragm walls. The difference of
the stations resides in the choice of the driven line tunnels. As to
double tube tunnels, stations are designed with island platforms; as to
single tube double track tunnels driven by means of a shield, stations
are provided with side platforms. Diaphragm walls will be supported,
on the inlet and outlet side of tunnels from the station, with so called
“pair of glasses” (unsupported diaphragm wall, adapted in a special
way and bordered for the possibility of the entry and getting off of
the shield), and on the bottom of the tunnel there will be placed
sliding beams or rails, to form a bed for pulling the shield through the
station. Inlets and outlets of the tunnels from stations situated in
cohesionless permeable earth will be adapted by grouting or freezing
to the length of the shield.
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podzemnych stien. Rozdielnost stanic spo€iva vo volbe razenych tratovych tune-
lov. Pri dvojrarovych tuneloch si stanice navrhované s ostrovnymi nastupista-
mi, pri jednortrovych dvojkolajovych tuneloch, razenych pomocou titu st sta-
nice s bo¢nymi nastupistami. Podzemné steny budu zo strany vstupu a vystupu
tunelov zo stanic vystrojené tzv. okuliarmi (nevystuzena podzemna stena $peci-
alne upravena a ohraniCena pre moznost vstupu a vystupu &titu) a na dne tune-
la budu lyZiny, resp. kolaje pre vytvorenie 16zka pri pretahovani §titu cez stanicu.
Vstupy a vystupy tunelov zo stanic osadenych do nestidrinych, priepustnych
zemin sa upravia injektovanim, resp. zmrazovanim cca na dizku étitu.

Stanice Kamenné ndmestie a Trnavské myto budu prestupnymi medzi trasa-
mi A a B. V prvej etape vystavby sa vybuduji zo stavebnych jam, resp.
prifahlych tunelovych Usekov zarodky napojenia trasy A. Zarodky sa
vybuduju edte v ramci trasy B, aby nebola naslednym razenim narusens
stabilita tunela v nadloZi behom prevadzky. Vlastné razenie bude realizo-
vané pod ochrannymi vejdrmi z tryskovej injektdze pomocou JMetody
striekaného betonu”. Na dalsom stupni projektove] dokumentécie sa
podrabnymi statickymi vypoétami stanovi hribka ostenia, ktoré musi
zabezpetit stabilitu pri razeni tunela v nadloi (hmotnost a pohyb &titu).
Myslienka vybudovat v Bratislave metro sa cyklicky opakuje. Jeho vystavba
je v stiéasnosti znovu aktualna. My véetci, ktori sme sa spolupodielali na
Vypracovani ostatnej projektovej dokumentécie verime, Ze po 30-tich rokoch
priprav sa metro v Bratislave predsa len zatne stavaf a planovanych 33 km
bude v roku 2030 hotovych.

Co dodat na zaver? Pri projektovani takych zaujimavych podzemnych diel
akymi tunely Sitina, Severna tangenta a Nosny systém MHD v Bratislave
bezpochyby su, ziskala firma INFRAPROJEKT s.r.0. neocenitelné skusenosti,
ktoré bude méct vyuzit nielen pri ich eventualnej vystavbe, ale aj pri plano-
vani a nasledne] realizacii dalSich slovenskych tunelov.
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Obr. 7 Trasy metra A a B
Fig. 7 Metro lines A and B

The stations Kamenné namestie and Trnavské myto shall become an
interchange between the lines A and B. In the first stage of construc-
tion, there must be made, from the building pits or adjacent tunnel sec-
tions, beginning works of the connection for the line A. Opening works
will be provided also within the line B, so that the stability of the tunnel
in the overburden during operation may be not affected by a following
driving operations. The proper driving will be realized under protective
fans ofa jet grouting by means of the "Method of shotcrete”. In the fur-
ther stage of the contract documentation, there shall be laid down by
means of detailed static calculations the lining thickness which must
secure the stability against the tunnel driving in the overburden (weight
and movements of the shield).

An idea, to construct an underground railway in Bratislava is repeated
in a cyclic way. At present, its construction is actual again. We all, who
took part in elaboration of the contract documentation, believe that after
30 years of preparations, the construction of the underground railway in
Bratislava will start at last, and the planned 33 km will be completed in the
year 2030.

What to say at the end? When designing such interesting underground
works, such as tunnels Sitina, Northern Tangent Road, and Main System
of CMT in Bratisliava, the firm INFRAPROJEKT s.r.. gained invaluable
experience which it may utilize not only for the possible construction but
also at any following realization of further Slovak tunnels.
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Obr. 8 Vzorovy prieény rez tunela razeného bentonitovym $titom @ 9,5 m
Fig. 8 Model cross section of a tunnel driven by means of a bentonite shield
Dia 9.5 m.
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KOLEKTOR PODEBRADOVA V OSTRAVE

PODEBRADOVA COLLECTING DUCT IN OSTRAVA

ING. KAREL DOLINEK, VOKD, A.S.

Uvodem jen pér slov o kolektorech v historickém jadru Ostravy.

Podle studie ,Vystavby kolektorli v rozéiteném historickém jadru mésta
Ostravy”, zpracované Hutnim projektem Ostrava v 11/95, se uvaiuje
s vystavbou kolektort v celkové délce 8 270 m.

Zpracovana studie posuzovala vystavbu kolektorl zplisobem razenym
a hloubenym. Pfi raZeném zpUsobu byly vyhodnoceny dvé varianty - razba
podpovrchova v hloubce dna kolektoru 5 az 6 m pod povrchem a v hloubce
dna kolektoru 9,5 az 11 m pod povrchem. Technické podminky provadéni
dila hovotily ve prospéch razby kolektord v hloubce 9,5 a7z 11 m v miocénu.
S ohledem na doznivajici Gcinky poddolovani a havarijné mozném Gplném
zatopeni kolektorll pfi varianté hluboké, bylo rozhodnuto fesit v Ostravé
kolektory, jako obsluzné v hloubce dna 5 az 6 m pod terénem a s vyskou
kryti kolektoru 2 az 3 m.

K vlastni razbé kolektoru v ul. Podébradové.
1. VSEOBECNE

VOKD, a.s. ziskala zakazku na vystavbu kolektoru Podébradova na zakladé
vybérového fizeni na zhotovitele stavby. Pfedmétem stavby mimo vlastni
kolektor byly veskeré doprovodné zalezitosti, jako vybudovani dvou kanali-
zaci - vychodni a zdpadni v nahradu za ruseny kanalizacni shéraé v ose ul.
Podébradovy, ktery byl v havarijnim stavu, dale pfelozky vSech potrubi
vody, plynu a kabeld. Soucasti stavby kolektoru bylo i vybudovani nové
komunikace v¢. osvétleni a pfilehlych chodnikli od ul. 30. dubna po
ul. 28. fijna. Celkova délka dila je cca 700 m.

Pfipojky vedené v chranickach zasobuji okolni nemovitosti vodou, el. energii atd.
Branches routed in pipe sleeves supply neighbouring buildings with water,
electricity ete.

To start with, just a few words about collecting ducts in the historical core of Ostrava.
In accordance with the study, "Construction of collecting ducts in the expanded
historical core of Ostrava", processed by Hutni Projekt Ostrava in 11/95, con-
struction of collecting ducts in a total length of 8 270 m is being considered.
The study evaluated construction of collecting ducts using the tunnelling
and cut-and-cover method. Two alternatives were evaluated for the tun-
nelling method - subsurface tunnelling with a collecting duct's bottom
depth of 5 to 6 m below the surface or with a collecting duct's bottom depth
of 9,5 to 11 m below the surface. Technical work conditions favoured col-
lecting duct tunnelling at a depth of 9,5 to 11 m in Miocene.

With regards to the fading effects of mining and possible total flooding of
collecting ducts during application of the deep tunnelling alternative, it was
decided to construct Ostrava collecting ducts as service ducts with a bottom
depth of 5 to 6 m below terrain and with a collector cover height of 2to 3 m.

Now to the actual tunnelling of the collecting duct in Podébradova street.
1. GENERAL

VOKD, a.s. won the tender for construction of the Podébradova Collecting
Duct. Besides the actual collecting duct, the construction included all relat-
ed work like construction of two sewers - east and west as a replacement for
the terminated collecting sewer in the axis of Podébradova street, which
was in a desolate state, furthermore, relaying of all water and gas pipelines
and cables. Moreover, collecting duct construction included building of a
new road, including lighting and pavements from 30. dubna street to 28.
fijna street. Total work length is approx. 700m.

Té2ni v&7 pro kolektor Podébradova _
Head frame for the Podébradova collecting duct
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2. ZAKLADNI UDAJE STAVBY
Pfimy investor: MMO
Povéieny investiéni dozor: CITY INVEST Ostrava
Hlavni dodavatel: VOKD, a.s.
Rozhodujici subdodavatelé: Subterra a.s., 0.2.Tisnov

Ingstav Ostrava a.s.
Generalni projektant: Hutni projekt Ostrava a.s.
Spravce kolektoru: Ostravské komunikace a.s.
Zahéjeni stavby: 10/97
Ukon&eni stavby: 08/99
Celkovy IN stavby: 230 mil. K¢
3. CHARAKTERISTIKA STAVENISTE
Staveni$tém kolektoru byla prakticky celd $itka ul. Podébradovy v¢. chodni-
kil od kfizovatky 30. dubna po ul. 28. fijna.
Rada inZenyrskych siti se v ramci stavby nové budovala nebo prekiadala
a chranila tak, aby byly funkéni po celou dobu stavby nez budou mnohé
z nich prelozeny do kolektoru.
4. GEOLOGICKE POMERY
Pro pfehlednost jsou uvedeny jen vrstvy , které ovliviiovaly provadéni stavby.
Pod plani vozovky v ul. Podébradové se nachazeji hlinitopis¢ité zeminy
a navazky s lokalnimi vykopy a pfeplavenymi pis¢itymi jily do hloubky 2 a2
3 m pod terénem.
Dalsi geologickou vrstvu tvofi §térk, misty méné ulehly se snizenou soudri-
nosti, do hloubky cca 5 a7 5,6 m pod terénem.
Posledni geologickou vrstvou ovliviiujici stavebni prace tvoii miocénni jily -
ostravské sliny - ve formé tmavé $edych jilovitych zemin.
4A. HYDROGEOLOGICKE POMERY

Hydrogeologie je v daném Gzemi v podstaté jednoduché. Ustalena hladina
podzemni vody je mirné napjata a je vazana na vrstvu terasovych §térk(
a pohybuje se v rozmezi 3,5 az 4,5 m pod terénem. Vododajny §térkovy kori-
dor ma tyto charakteristiky:
koef. propustnosti

koef. transmisivity
hydraulicky polomér

4B. CHEMICKE ROZBORY

Chemické rozbory ukézaly, ze vody jsou viéi betonu agresivni a to sloZkou
uhli¢itanovou a vaéi Zelezu velmi korozivni. Vyjimeéné se vyskytovala
i agresivita siranova. Agresivita COy na beton dosahla hodnoty 36,96 mg/l -
mramorova zkouska - a 66,72 mg/l na Zelezo.

4C. KONTAMINACE ZEMIN

Z provedenych analyz vyplyvalo, e kontaminace zemin a navoz{ mimo
krytd asfaltovych vozovek je prevainé v limitu la. tiidy, ojedinéle v limi-
tu Il tfidy. To znamend, Ze je mozno zeminu zpétné ukladat do zasypl.
Odvoz pouze na zajiténou skladku pro ILtfidu vyluhovatelnosti.

5. UCINKY PODDOLOVAN

Aktualizované deformaéni parametry z 11/97 udavaji tyto hodnoty :

10 az 10*'m/s
1,6 az 3x10? m¥s
30az40m

- max. naklonéni 1,8 x10* rad.
- max. vodorovné pfetvofeni 1,4 x10°
- min. polomér zakFiveni Rmin > 20,0 km

Podle CSN 730039 - Navrhovani objektli na poddolovaném uzemi je defor-
mace terénu v Grovni IV. aZ V. skupiny stavenité.

6. TECHNICKE RESEN(

Zahlazer?i nastfikané betonové smési pfed aplikaci hydroizolace
Smoothing of shotcrete surface before application of hydroinsulation

Tunel
2. BASIC CONSTRUCTION DATA

Direct investor: Ostrava City Council
Authorised engineer: CITY INVEST Ostrava
Main contractor: VOKD, a.s.
Decisive subcontractors: Subterra a.s., 0.z. Tisnov

Ingstav Ostrava a.s.
General designer: Hutni projekt Ostrava a.s.
Collecting duct manager: Ostravské komunikace a.s.
Construction commencement:  10/97
Construction completion: 08/99
Total construction investment: 230 mil. CZK
3. CONSTRUCTION SITE CHARACTERISTICS
The collecting duct's construction site comprises the entire width of Podébradova
street, including pavements, from intersection at 30. dubna street to 28. Fjna street.
Several engineering networks were either newly constructed or rela yed and
protected so as to maintain operation during construction before many of
them are placed into the collecting duct.
4. GEOLOGICAL STUDY
Only layers affecting the construction are mentioned below. Under the base
course of the Podébradova street road there are loam-sandy soils and
made-up ground from local excavations and sandy clays to a depth of 2 to
3 m. Another geological layer is formed by gravel, less compacted in some
places with reduced cohesion, to a depth of approx. 5 to 5,5 m.
The last geological layer affecting the construction is formed by Miocene
clays - Ostrava marls - in the form of dark grey clay soils.
4A. HYDROGEOLOGICAL STUDY

The hydrogeological situation in the subject location is relatively simple.
The stable ground water level is slightly tense and is bound to a layer of ter-
race gravel, it is situated at a depth of 3,5 to 4,5 m. The water supply grav-
el corridor has the following characteristics:

Coefficient of permeability 107 to 104 m/s

Coefficient of transmission 1,6 to 3x10° m¥/s

Hydraulic radius 30 to 40 m

4B. CHEMICAL ANALYSIS

Chemical analyses showed that the water is corrosive towards concrete,
mainly its carbonate component, and very corrosive towards iron. Sulphur
corrosiveness was rarely noted. CO, corrosiveness towards concrete
reached a value of 36,96 mg/l - marble test -and 66,72 mg/I towards iron.
4C. SOIL CONTAMINATION

According to analyses, contamination of soils and made-up ground besides
the asphalt road layer is within the class la. limit, rarely class Il. limit. This
means that soils can be returned as backfill. Deposition only at a waste
dump for class Il leachability.

5. EFFECTS OF UNDERMINING

Updated deformation parameters from 11/97:

- max. inclination 1,8 x 10° rad
- max. horizontal deformation 1,4 x 10°

- min. curvature radius Rmin > 20,0 km

According to CSN 730039 - Design of structures on undermined land -
terrain deformation corresponds to the IV to V construction site group.

6. TECHNICAL SOLUTION

As was mentioned in the beginning, the collecting duct was constructed as
a service duct with a cover 2-3 m below the road surface. From the collect-
ing duct, branches routed in pipe sleeves supply neighbouring buildings
with water, electricity and , in the future, with heat and light- current lines,
directly into the basements of these buildings.

Razba kolektoru provedena primarnim nastfikem
Driving of collecting duct with subsequent primary spray-on

...
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Jak jiz bylo uvedeno v Uvodu byl kolektor navrien a realizovén jako obsluz-
ny s krytim 2-3 m pod povrchem vozovky. Z kolektoru jsou pfipojkami vede-
nymi v chranickach zasobovany okolni nemovitosti vodou, el. energii, ve
vyhledu teplem a sluzbami slaboproudych rozvodl pfimo do suterénu jed-
notlivych budov.

Konstrukéni fedeni definitivni vyztuze razené ¢&asti kolektoru v profilu
00-ZBS-ATYP s betonovou podlahou vychazi z pozadavkli na prostorové
usporadani osazené technologie. Pro celou trasu kolektoru byl navrzen
jednotny profil o svétlém prafezu 7,7 m? pfi svétlé vysce 2,6 m a Sifce upra-
vené podlahy 3,46 m.

Budovani prihradovych oblouk( vyztuze bylo navrieno v souladu se static-
kym vypoctem s maximalni osovou vzdalenosti 0,7 m na pfi¢éné ocelové
patky z U 180 délky 30 ¢cm.

Ocelova obloukova pfihradovéa vyztu? je tfidilnd s propojenim jednotlivych
oblouk( na sraz pomoci 4 ks $roubovych spoji. Stabilizace jednotlivych ramd
vyztuze byla zajisténa 6-ti kusy ocelovych rozpinek osazovanych do navafenych
trubkovych uchytl. Z divodu projektované tloustky 200 mm ocelové vyztuze se
stfikanym betonem byla realizace provadéna ve dvou fazich.

V 1. fazi bylo provedeno budovani pithradovych obloukl s postupujici
ruéni razbou v technologickych zabirkach dle skutetnych geologickych
podminek na celbé dila vetné osazovani drendie pod Urovni podvy.
Pfihradova vyztuz byla pazena hladkou svafovanou siti 4,0/100x4,0/100 se

Vystrojeny kolektor
The collecting tunnel equipped

Svatovani sité pro zesilujici sekundarni vystuz
Welded mesh for secondary lining

I_io’;ig #;;“gg_g;gjz ;;’:’ ;ﬁﬁpgé; grferrhe collecting duct's tunnelled section,
¢ . ’ C e floor, stems from requirements for
loc_atlon of msta{led technologies. A uniform profile (cross section of 7,7 m?
helght'2,6 m, width of modified floor 3,46 m) was proposed for the em;ré,
collecting duct.

Construction of supporting lattice arches was proposed in accordance with
static calculations, with a maximum axis distance of 0,7 m, fitted on weld-
on flanges made of U 180 profiles with a length of 30 cm.

The steel lattice arches consist of three sections with connection of individ-
ual arches to the butt with 4-bolt joints. Stabilisation of individual support-
ing frames was performed by 6 steel stretchers fitted to welded-on pipe fit-
tings. Due to the designed thickness (200 mm) of the steel supports with
sprayed concrete, work was performed in two stages.

Stage 1: Erection of lattice arches with progressing manual tunnelling with
technological advances according to real geological conditions at the work's
heading, including laying of drainage below the invert. The lattice arches were
cased with a smooth welded mesh (4,0/100 x 4,0/100) with a 10 cm overlap, with
a subsequent primary spraying of water-retaining B20 HV8 concrete.

Tunnelling of the entire work section between linking hoisting shafts was per-
formed under this designed primary support. The mentioned primary reinforced
concrete support was designed to withstand the full expected ground pressure
of 60 kPa, however, not to bear dynamic loading by surface transport, including
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vzajemnym pfesahem cca 10 ¢cm s naslednym primarnim néstfikem vodo-
stavebnim betonem B20 HV 8.

V takto navriené primdrni vyztuzi se provédéla razha celého useku dila mezi
navazujicimi téznimi $achticemi. Uvedena primérni Zelezobetonové vyztuz
byla dimenzovana na plné ogekavané zatizeni zemnim tlakem 60 kPa, ne
v8ak na dynamické zatiZeni povrchovou dopravou, véetné zatizeni tlakem
podzemni vody po dosazeni trovné jeji ustalené hladiny.

V 2. fazi realizace je provedena definitivni zesilujici sekundarni vyztu do
celkové min. tl 200 mm nad pogevni &4sti kolektoru dimenzovana na provoz-
ni zatizeni 108 kPa pomoci osazené hladké svafované sité 6,3/100x6,3/100 na
navarované trny v pfihradovém oblouku po 0,5 m s konednym nastfikem
vodostavebniho betonu B20 HV8 s kryci vrstvou mfizoviny 28 mm. Povrch
kone¢ného nastfiku je zahlazen pro ekonomigtéjsi

Podlaha byla fedena jako betonova deska tl. 40 cm z betonu B 30 kotvena pomo-
¢i zainjektovanych svornikd dI. 1,65 m do podlozi na tahové zatizeni 25 kN/svornik.
Podlaha i poget svornika byly dimenzovany na mozné zatifeni vztlakem vody
cca 30 kPa, coz odpovida vysce vodniho sloupce podzemni vody. V podéiném
smeéru byl kolektor rozdélen na tseky 7 komorami, z nichz 4 slouzi zéroven
jako tnikové cesty. Na zakladé parametr(i poddolovani byl kolektor rozdélen
na dilataéni aseky max. délky 42 m a $itky dilataéni spary 5 cm.

Pti provadéni razby kolektoru bylo navrieno a realizovano disledné odvod-
néni pocvy kolektoru podélnou drenazi. Podélny sklon kolektoru se pohybuje
v rozmezi okolo 5 %. k odvodriovacim $achtdm. Tento podéiny sklon spolu
s pficnym sklonem podlahy kolektoru a odvodiiovacim Zlabkem zajisti odve-
deni vody z kolektoru v pfipadé poruchy nebo opravy potrubi v kolektoru.
Pri provadéni razby kolektoru se $patnymi geologickymi poméry (navésky,
pisky a Stérky s malou soudrznosti) se provadéla zpevhujici injektaz zemin
z povrchu pomoci soustavy vertikdlné smérovanych injektazi cementovou
smési do prostoru budouciho vylomu a to v nezbytné mife pro dosazeni
redukované tlakové pevnosti zemin 1,5 - 2,0 MPa nutné pro zaji§téni bezpeéné
ruéni razby v trovni klenby kolektoru. Razba bokii kolektoru byla pod &asteé-
nou ochranou z vychodni strany starou kanalizaéni stokou vyplnénou cemen-
to-popilkovou smési a ze strany zapadni stabilizovanym zasypem nové kanali-
zace rovnéz cemento-popilkovou smési s poZadovanou pevnostim 2,0 MPa.

V kfizovatkach Ceskobratrska, Janatkova, Stodolni a Svabinského, kde
nebylo moZno vyloucit nebo podstatné omezit silniéni a tramvajovy provoz,
byl kolektor budovén pod ztracenou vyztuzi.

V pribéhu razby kolektoru se provadély konvergenéni méieni vyztuse ve
trech bodech v klenbé a bocich dila v& méfeni nivelety po Usecich
20,0 m a ve vytypovanych poruchovych zénach. Povolena konvergence -
max. posun - svisla - 20 mm / vodorovna - 25 mm nebyla piekroéena a dosa-
huje hodnot mensich.

lzolace kolektoru podlahy i obloukové ¢asti byla Fe$ena systémy Svycarské
firmy VANDEX dle nejnovéjsich védeckych poznatkl o utésiiovani a sanaci
zglezobetonovych konstrukci. Cely dilatacni celek kolektoru je povazovan
jako tuhy s moZnosti vlasovych trhlin do cca 0,3 mm. Navrzeny systém je
schopen kdykoliv béhem své Zivotnosti zacelit viasové trhliny, pfitom Zivot-
nost systému je jako u betonu zékladni konstrukce.

Po provedeni finalni vrstvy stfikaného betonu v po&ateéni fazi zrani betonu
byla na plochach stén provedena pfiprava povrchu pomoci tlakové vody
a bylo odstranéno cementové mléko a oteviena kapilarni struktura betonu.
Po procesu zrani betonu se provadi jeho oplach, navihéeni a nasledné je
provedena dvouvrstva aplikace (systém gerstvy do gerstvého) hydroizolaé-
nim materidlem s hloubkovym uginkem do konstrukce VANDEX SUPER.
Predmétny material byl aplikovan stfikanim.

Utésnéni pracovni spary mezi podlahou kolektoru a osténim bylo feeno
materidlem VANDEX UNIMOERTEL a déle pojidténo elastickym hydroizo-
latnim materialem VANDEX BB 75E, ktery pteklene trhliny a7 do 0,5mm.
Testy prokazaly vysokou odolnost proti tlaku vody jak na aktivni tak na
pasivni strané Fadové pfevysujici pozadavky dané projektem. Pro orientaci
VANDEX SUPER - 1,45 MPa / VANDEX BB 75E - 0,7 MPa / VANDEX UNIMO-
ERTEL - 0,7MPa.

7. ZAJISTENI OKOLNICH BUDOV PRI PROVADENI KOLEKTORU
A KANALIZACE

Pfed zahajenim stavby byla provedena dlkladna pasportizace véech okol-
nich budov u nichZ se piedpokladalo mozné dotéeni vlivem Gginki vystav-
by, zejména pak vlivem sniZovani hladiny podzemni vody pii provadéni
kanalizace a kolektoru,

Pasportizace kazdého objektu obsahovala podrobny popis stavu objektu,
fotodokumentaci, videodokumentaci, vyjadieni znalce ke statickému stavu
objektu a ndvrh na umisténi mérnych bodli pro méfeni poklesti a naklon&ni.
Vytypované objekty, u nichz by mohlo dojit v priib&hu stavby k porude sta-
bility, byly pfedem staticky zajistény. MéFeni se provadélo systematicky
v dohodnutém ¢asovém rozmezl. U budov s problematickym zalozenim v se
méfeni provadélo denné a vysledky méfeni byly ve spolupraci s investo-
rem pravidelné vyhodnocovany.

loading by ground water pressure after reaching its stable water level.
Stage 2: Final strengthening secondary support to a total min. thickness of
200 mm above the invert section, designed for working pressure of 108 kPa,
using a smooth welded mesh (6,3/100 x 6,3/100) fitted to welded-on spurs in
the lattice arch , with 0,5 m spacing, with a final spray-on of water-retaining
B20 HV8 concrete with a covering layer of 28 mm mesh. Final shotcrete layer
surface is smoothed to enable economical application of hydro-insulation.
The floor was constructed as a 40 cm thick concrete panel of B 30 concrete, anchored
with 1,65 m long injected bolts into the subgrade for tensile load of 25 kN/bolt,

The floor and number of bolts were designed for upward hydrostatic pressure
of approx. 30 kPa which corresponds to the water column height of ground
water. In a longitudinal direction the collecting duct was divided into sections
by 7 chambers, whereof 4 also serve as emergency escape routes. As a con-
sequence of undermining, the collecting duct was divided into dilatation sec-
tions of max. 42 m length, with an expansion joint width of 5 cm.

During the collecting duct tunnelling, thorough drainage of the duct's invert was
implemented by a longitudinal drainage pipe. The duct's longitudinal gradient is
approximately 5 %, directed towards drainage shafts. This longitudinal gradient,
together with a transverse gradient of the duct floor and drainage groove will ensure
proper drainage in case of failures or repairs of pipelines in the collecting duct.
During collecting duct tunnelling in poor geological conditions {made-up
ground, sands and gravel with poor cohesion), reinforcing grouting of soil
was performed from the surface using vertically directed injection of a
cementitious mixture into the area of subsequent breaking, to an essential
extent, after achieving a soil reduced compression strength of 1,5 - 2,0 MPa,
necessary for safe manual tunnelling in the area of the duct's vault.
Tunnelling of the collecting duct’s sides was performed under partial pro-
tection: on the east side by the old sewerage channel filled with a cement-
ash mixture and on the west side by a new sewerage backfill also stabilised
by a cement-ash mixture, with a required strength of 2,0 MPa.

At the intersections of Ceskobratrskd, Janaékova, Stodolni and Svabinského,
where road and tram transport could not be eliminated or significantly lim-
ited, the collecting duct was constructed under a permanent support.
During collecting duct tunnelling, measuring of the support convergence
was performed in three points on the vault and walls, including measuring
of vertical alignment every 20,0 m in specified weakness zones. Permitted
convergence - max. displacement - vertical - 20 mm / horizontal - 25 mm
was not exceeded and reached smaller values.

Insulation of collecting duct floor and arch was performed using a system
from the Swiss company VANDEX; in accordance with the newest research
results in the field of sealing and maintenance of reinforced concrete struc-
tures. The collecting duct’s entire dilatation structure is regarded as rigid with
a possibility of hair-line cracks up to approx. 0,3 mm. The proposed system is
capable of sealing hair-line cracks at any time during its service life, while the
system's service life is the same as in the case of basic construction concrete.
During the initial stage of concrete maturing, after application of the final layer
of sprayed concrete, the wall surfaces were prepared using pressure water to
remove cement slurry and open up the capillary structure of concrete.

After concrete had matured, it was washed down, moistened and a double
layer (fresh-on-fresh system) of VANDEX SUPER hydro-insulation material
with deep penetration was applied on the structure.

Sealing of the day joint between the duct floor and walls was performed using
VANDEX UNIMOERTEL and further secured with elastic hydro-insulation
material called VANDEX BB 75E which can bridge cracks up to 0,5 mm wide.
Tests showed a high resistance to water pressure on the active as well as
passive side, greatly exceeding design requirements. For orientation pur-
poses: VANDEX SUPER-1,45 MPa / VANDEX BB 75E-0,7 MPa /VANDEX UNI-
MOERTEL-0,7 MPa

7. SECURING OF NEIGHBOURING BUILDINGS DURING THE COLLECTING
DUCT AND THE SEWER CONSTRUCTION

Before construction commenced, thorough documentation of all neigh-
bouring buildings which could have been affected by construction, namely
by the decrease of the ground water level during the sewerage and the col-
lecting duct construction, was performed.

Documentation of each building contained a detailed description of the
state of the building, photo documentation, video documentation, expert's
opinion on the building's static status and a proposal for location of mea-
suring points for measuring settlement and inclinations.

Specified structures, whose stability could be threatened during construction,
were statically secured beforehand. Measuring was performed systematically in
agreed time intervals. Buildings with problematic foundations were measured
daily and results were evaluated regularly in co-operation with the investor.
Presently, when the collecting duct is in operation for over half a year , it
can be stated that the applied system of insulation and support is well
established and totally surpassed parameters required by the operator. The
environment inside the collecting duct is practically dry.

e ———
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FOTOREPORTA? ZE STAVBY TUNELU MR AZOVKA PHOTOREPORT FROM THE MRAZOVKA TUNNEL CONSTRUCTION

(COMPILED BY ING. PAVEL POLAK. METROSTAV, a.5. ING. JOSEF DVORAK, SATRA s.r.0,

Pohled na jihozapadni portal - kotvené skalni stény, pfistupova tola pod Jihovychodni portdl - vychodni tunelova trouba, pocitatovy model
ulici Radlicka South-eastern portal - the eastern tunnel, computer model

View of the south-western portal - anchor bolted rock walls, access gallery

under Radlicka street

Dvoupruhova tunelova trouba - horizontaln{ ¢lenéni vyrubu Dvoupruhovy tunel u jihozapadniho portalu
Two-lane tunnel - horizontal sequencing of driving Two-lane- tunnel by the south-western portal
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Vertikalni ¢lenéni vyrubu tfipruhového tunelu

Vertical sequencing of the three-lane tunnel

excavation
Severn/ tunelovy usek, poditatovy model
Northerm section, computer model

Pohled na severni portal

- VyraZeny tfipruhovy tunel u severniho portalu
View of the northern portal

Excavated three lane tunnel by the northern portal
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GEOSTATICKA NAPJATOST A ZMENA MODULU PRUZNOST|
SPOJITE NEHOMOGENNIHO KONTINUA VE VYPOCTECH METODOU
KONECNYCH PRVKU

ROCK MASS STRENGTH AND VARIABILITY OF ELASTICITY MODULUS
OF CONTINUOUSLY INHOMOGENOUS CONTINUUM IN FINITE ELEMENT

METHOD COMPUTATIONS
ING. LIBOR SVEJDA, RIB STAVEBNI SOFTWARE S.R.O., ING. JAROMIR ZLAMAL, POHL CZ A.S.

uvoD

Napjatost linearniho pruzného spojité nehomogenniho kontinua je v geotech-
nické literatufe klasifikovana z riznych hledisek. Ve vétsiné praktickych geotech-
nickych aplikaci nelze vidy dUsledné uplatiovat pouze jedno hledisko a velmi
¢asto dochazi k inzenyrskym kompromistim. Feda (1974) napf. doporuéuje lenit
napjatost in situ na

+ geostatickou,

« geodynamickou {tektonickou}

a pfedpoklada, ze vSechny procesy jsou dynamické, pouze nékteré z nich lze za
urcitych okolnosti pokladat za procesy kvazistatické.

Velmi dobfe je propracovana teorie nehomogenniho linearniho kontinua, tykaji-
ci se dvou typt nehomogenniho poloprostoru. V prvnim pfipadé se jedna o polo-
prostor, jehoi deformacni modul se méni plynule s hloubkou. Tento typ nazyva-
me kontinuum spojité nehomogenni. V druhém pfipadé se jednéa o poloprostor
vrstevnaty, kde kazda vrstva je homogenni, tzn. ze modul pruinosti je v rozsahu
vrstvy staly a na hranici vrstev se skokové méni. Pro vrstevnaty poloprostor
s horizontalnim pribéhem vrstev pouzivame termin kontinuum nespojité neho-
mogenni.

Nékteré geotechnické vypocetni programy na principu numerické metody
kone¢nych prvkd (MKP} umoziuji zavést do vypoéetniho modelu materidl, jehoz
deformaéni modul je funkci napjatosti. Pro zeminy tuto zavislost popsal Ohde
{1938} a pro horniny odvodil vztah mezi deformaénim modulem a napjatosti na
zakladé méreni napf. Aydan (1993). Pro horniny je tato zavislost odvozena empi-
ricky, stejné jako pro vztah mezi klasifikaénimi body Rock Mass Rating (RMR)
a deformatnim modulem, ktery odvodil napf. Bieniavski {1978) a Serafim
a Pereira (1983}, Pfi vypoctech podzemnich konstrukei pak musime rozliSovat
jestli se jedna o zeminy nebo horniny a volit zdvislost modulu deformace na
napjatosti s ohledem na v8echny okolnosti.

MODELY PRO VYPOCET NAPJATOSTI GEOTECHNICKEHO POLOPROSTORU
IZOTROPIE, ANIZOTROPIE

Pii jednoduchych vypoctech napjatosti se realné prostfedi nahrazuje matematickym
modelem poloprostoru, ktery mize mit rizné mechanické vlastnosti. S ohledem na
redlnost stanoveni materialovych charakteristik zkoumaného geologického profilu
zavadime do praktickych vypoéti jednoduchou izotropni teorii linearn{ pruznosti, ktera
pro zavislost ¢ - € vede na dva materialové parametry. Zmen3eni poétu vstupnich para-
metrl zjednodusuje vypocet. O to vétsi vSak muze byt odchylka chovani tohoto mate-
matického modelu od realného prostredi.

DEFORMACNI PARADOXON

Castou chybu rovinnych vypogetnich modeld MKP, plynouci ze zdanlivé logické
livahy zpfesnéni vysledkli vypoétu zvétsenim rozmérd kontrolniho vyfezu jedno-
stranné nechrani¢eného kontinua, Ize dolozit velmi jednoduchym rozborem tladené-
ho prutu, obr. 1. Pfi konstantni sile N a rostouci délce prutu L roste i jeho stlaceni.
Tento tzv. deformaéni paradoxon byva castou pficinou nerealistickych zvedani
dna tunelu, resp. stavebni jamy v rovinnych vypoCetnich modelech MKP.
Potlateni tohoto efektu je mozné pouze empiricky, napf. vhodnou volbou hloub-
ky kontrolniho vyfezu, nebo lokalni zménou deformaéniho modulu E, metoda
BEB, Baumann et al. {1985). Dalsimi matematickymi uvahami |ze ukézat, Ze zave-
deni proménného modulu E ma smysl pouze tehdy, roste-li modul E s hloubkou
rychleji nez vertikalni napéti c.
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Obr. 1: Stlaéeni prutu namahaného normalovou silou
Fig. 1: The compression of bar loaded by axial force

INTRODUCTION

In geotechnic literature the strength of linear elastic continuously inhomoge-
nous continuum is classified from different points of view. In most of the effec-
tual geotechnical applications there can't be thoroughly assert only one point of
view and engineering compromise very often comes on. Feda (1974) e.g. advise
divide the strength in situ to

¢ geostatic,

« geodynamic (tectonic)

and all processes supposes as dynamic, some of them are put down as quasi-
static processes only.

Theory of inhomogenous linear continuum is concerning of two types of inho-
mogenous semi-infinite spaces is elaborated very well. First case concerns of
semi-infinite space whose modulus of deformation is changed fluently with
deepness. This type is named continuously inhomogenous continuum. Second
case concerns of foliaceous semi-infinite space, where each layer is homoge-
nous, it means that modulus of elasticity is in one layer the same and on the bor-
der is changed discontinuously. Semi-infinite space with horizontal stratification
of layers is named discontinuously inhomogenous continuum.

Some geotechnical computing programs based on numerical methods of finite
elements (FEM) allows set up such material to the computing model, whose mod-
ulus of deformation is function of the strength. For soils was this relation
described by Ohde (1938) and for rocks was deduced relation between modulus of
deformation and strength pursuant to measurement e.g. by Aydan (1993). This
relation is deduced for rocks empirically, as well as relation between classification
of Rock Mass Rating (RMR) and modulus of deformation, which was deduced e.g.
by Bieniavski (1978) and Serafim and Pereira (1983). In computation of under-
ground constructions there have to be distinguished soils and rocks and there
have to be chosen relation between modulus of deformation and strength consid-
ering all circumstances.

MODELS FOR COMPUTING STRENGTH OF GEOTECHNIC SEMI-INFINITE SPACE
ISOTROPY, ANISOTROPY

Computing simple cases of strength real material is substituted by mathematics
model of semi-infinite space, which is able to have different mechanical proper-
ties. Considering facticity of determination of the material properties of geolog-
ical profile to be inspected, practical computation uses simple isotropy theory of
linear elasticity, which for relation of ¢ - € leads to two material parameters. The
reduction of number of parameters simplify of computing. The deviation of
behaviour of this mathematics model from real material is then bigger.

PARADOX OF DEFORMATION

Using simple analysis Fig. 1, we can illustrate common mistake of planar comput-
ing models of FEM , resulting from seeming logical effort to refine results by
enlargement of control window of semi-infinite continuum. If force N is constant
and length of bar is enlarged the bar compression is bigger.

This so-called paradox of deformation is in planar computing models of FEM
very often reason of unrealistic uplift of the bottom of the tunnel and bottom of
excavation respectively, This effect can be suppressed empirically only, e.g. by
suitable selection of control window, or local variation of modulus of deforma-
tion E, BEB method, Baumann et al. (1985). Using additional mathematics con-
sideration we can show, that introduction of variable modulus E has sense only
if E modulus increase faster than vertical strength o.

ELASTIC-PLASTIC BEHAVIOUR

Nonlinear geotechnical models considering elastic-plastic behaviour of material
e.g. by plastic conditions of Mohr-Coulomb, Drucker-Prager, Duncan-Chang etc.
in numerical methods leads to iterations of steady states. In extreme case steady
state iteration of practical projects doesn't need to be finishing from diverge or
time reasons respectively.

The variability of material deformation parameters in relation to its strength
state describes the hardening rule {isometric, kinematics and combined), and
direction of plastic deformation increments is described by yield rule {associa-
tive, nonassociative). In present day sufficient safe and detail determination of
material parameters necessary for insertion of these codes to the numerical
computing models is beside economic and time possibilities of practice.
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PRUZNOPLASTICKE CHOVANI

Nelinearni geotechnické modely uvaZujici pruznoplastické chovéani materialu
vedou v numerickych metoddch na iterace rovnovazinych stavd. V krajnim pfipa-
dé nemusi byt dokonéeni rovnovaziné iterace u praktickych projekti z divergené-
nich, resp. ¢asovych divodd mozné.

Zménu deformacnich parametr( materidlu v zavislosti na jeho stavu napjatosti
popisuje tzv. zakon zpevnéni (izometrické, kinematické a kombinovang), dale
smér pfirGstku plastické deformace uréuje tzv. zakon teceni (asociativni, neaso-
ciativni). Dostate¢né spolehlivé a detailni uréeni pfislugnych materidlovych cha-
rakteristik nutnych pro zadani téchto zakonitosti do numerickych vypoéetnich
modell se v sou¢asnosti vymyka ekonomickym a ¢asovym moznostem praxe.

VYHODY ZJEDNODUSENYCH MATEMATICKYCH MODELU
Z uvedenych praktickych divodi je proto vyhodné, zavedeme-li do vypoétl MKP
pfedpoklad pruzného linearniho spojité nehomogenniho kontinua, ve kterém se
deformaéni modul méni plynule s hloubkou. Lokalni zmény deformaéniho modu-
lu pfitom provadime vidy na konci vySetfovaného zatéZovaciho stavu na zakla-
dé zjisténého rovnovainého stavu napjatosti. Vysetiovani nasledujiciho zatéZo-
vaciho stavu pak probiha jiz se zménénym deformacnim modulem. Toto feSeni
je ve vétsiné praktickych pfipadd vyhodngjsi:

B neni narudena staticka rovnovaha vypocetniho modelu na konci zatézovaciho
stadia,

[ | Epchézi k adaptivnimu pfizplsobovani vypocetniho modelu zjisténym podmin-

am,

W vypocetni model je velmi robustni, ma vidy fedeni, odpada nutnost rovnovai-
nych iteraci a v pfipadé nutnosti je mozna kombinace zmény deformaéniho
modulu a skutetné nelinearniho chovéani materialu, napf. podle Mohr-
Coulomba.

ZAVISLOST DEFORMACNICH PARAMETRU NA NAPJATOSTI

Podrobnym rozborem rovnic Boussinesqa (1885) mizeme dokazat, Ze pro nestla-
citelné prostredi je $ifeni napéti v poloprostoru paprskovité. Fréhlich (1934) uka-
zal, 7e $ifeni napéti prestava byt paprskovité a v kontinuu se objevuji tahy, kdyz
Poissondyv soucinitet je mensi nez 0,5 a prostiedi je stlaéitelné. Vychézeje z pod-
minky minima deformacni prace Frohlich odvodil rovnice napjatosti pro polo-
prostor jehoZ modul pruznosti s hloubkou linearné roste, tj. plati-li obecné

E=E,x z™, (11

pak pro pruiny izotropni poloprostor je exponent m=0 a pruzny poloprostor
jehoZ modul E s hloubkou linearné roste je exponent m=1. Rovnici [1] mGzeme
zapsat také jako vztah mezi modulem pruznosti a geostatickym tlakem podle
vztahu

E- % o x 2", 121

kde b e konstanta,
% je objemovéa hmotnost,
z  je svisla soufadnice,
m exponent.
Obecné Frohlichovu interpretaci poprvé formuloval Ohde {1938}, ktery pfedpo-
kladal proménlivost modulu pruznosti podle vztahu

E=E, (z+d,)", (3]

kde do je hloubka pod terénem

a konstatoval, Ze podminky rovnovahy, Hooklv zakon a geometrické podminky
pfetvoreni vyzaduji, aby v jednodudsim pfipadé do=0 (pro do # 0 je feSeni jen
priblizné) byl mezi Poissonovym soucinitelem a hodnotou m splnén vztah

1
A _ 4
v_2+m [4]

da hodnota m=0,5 {Hruban, 1945; Lambe a Whitman 1969), coz podle vztahu [4]
vede na hodnotu Poissonova koeficientu v=0,4.
Kdyz do rovnice [2] za konstantu b dosadime hodnotu

E.r
==l [5]
ds

ziskdme rovnici poutzitou v programu RIB - TUNNEL, které je zapséna ve tvaru

E e Eref[&]m [6]

kde p je napjatostni veli¢ina, napf. o,
pa  znativztainou napjatost
Eres  deformaéni modul pfi p=p.

E>§ponent m fidi vliv pribéhu funkee p(z) na deformaéni modul.

V8echny vyse uvedené vztahy a hodnoty jsou odvozeny pro zeminy.
Hodnotime-li stabilitu podzemnich staveb v horninach, musime pfihlédnout
k tomu, zda-li se jedné o lokdlni nebo globélni modely porugeni. Je velmi dobie

ADVANTAGES OF SIMPLE MATHEMATICS MODELS

From these practical reasons is therefore advantageous, if we load to the FEM

computation assumption of elastic linear continuously inhomogenous continu-

um, where modulus of de-formation is changed fluently with deepness. Local

changes of modulus of deformation are always made at the end of the loading

state on the basis of established steady state of strength. Examination of the

next loading state is then made with new modulus of deformation. In most of

practical cases is this solution advantageous:

u static steady state of computing model on the end of loading state is not eroded

m computing model is adapted to the found out conditions

= computing model is robust, there is always solution, and there is not necessi-
ty of steady state iterations, in case of necessity we can combine changes of
modulus of deformation and actually nonlinear behaviour of material e.g. by
Mohr-Coulomb.

RELATION OF DEFORMATION PARAMETERS ON STRENGTH

Using detail analysis of equations of Boussinesq (1885) we can show, that for
incompressible medium the strength distribution in semi-infinite space is radial.
Frohlich (1934) showed, that strength leave off radial distribution and in contin-
uum are find out tensions, when Poisson coefficient is smaller than 0,5 and
medium is compressible. Starting from conditions of minimum deformation
work, Frohlich deduced equations of strength for semi-infinite space whose
modulus of deformation lineally grow up with deepness, it is if this equation is

generally valid
E=E;x 77, (1

then for elastic isotropic semi-infinite space the exponent m=0 and for elastic
semi-infinite space whose modulus of deformation E grow up with deepness lin-
eally the exponent m=1. Equation [1] we can write down also as relation between
modulus of deformation and geo-static pressure

E =% (Yo X 2)7, [2]

where b is constant,

Y. IS mass weight

z s vertical coordinate

m exponent.
The Fréhlich's interpretation was first generally formulated by Ohde (1938,
which sup-posed variability of modulus of elasticity according relation

E=Eo (Z+do)m, [3]

where do is deepness under surface and submitted, that condition of steady
state, Hook rule and geometric conditions of deformation require, that in simple
case do=0 {for do # 0 solution is estimate only) there was between Poisson coef-
ficient and value of m performed relation

T 4
y=2+m

The most convenient value for exponent m in equation [1] for soils is very often
put down m=0,5 (Hruban, 1945, Lambe and Whitman 1969), and this leads using
equation [4] to the Poisson coefficient value of v=0,4,

If we induct into equation [2] for constant b value

_ Eref [5]
b=

we obtain equation used in program RIB - TUNNEL, which is write down in shape

E . Eref[&]m [6]

where p s strength, e.g. o;
pa Mmeans relative strength
Eer is modulus of deformation at p=p,.

Exponent m is controlling behaviour of influence of function p(z) to the modulus
of deformation.

All equations and relations mentioned above are valid for soils.

If the stability of underground openings is assessed for rocks, one must concern
with local and global failures modes. As it is well known rock masses consist of
intact rock blocks and discontinuities in the form of crack, joints, bedding planes etc.
Because of enormous efforts involved in characterization as well as numerical mod-
elling, many designers are inclined to assess rock masses as equivalent continuum.
Most of the equivalent models are restricted to elastic deformability constants and
it is very rare to find any model! for assessing the strength of rock masses.

There were several rock classification elaborated, evaluated rock masses from
point of view tunneling. For computing FEM is most suitable to use the Rock
Mass Rating (RMR) classification by Bieniavsky(1976). This classification
respects the quality of rock creating rock masses, on the basis laboratory tests

——___1___ ___m




3 9. ROCNIK, é. 3/2000

Tunel

znamo, Ze horninové prostfedi obsahuje neporusené horninové hloky a diskon-
tinuity ve formé trhlin, kloubd, plognych puklin apod. V dsledku enormniho usili
vyuiit v hodnoceni horninového prostfedi numerické modelovani, mnoho pro-
jektant( inklinuje k hodnoceni horninového prostfedi jako ekvivalentu kontinua.
Oproti tomu vétsina klasifikaénich metod nezahrnuje pruznostné deformacni
konstanty a jen velmi zfidka nalezneme model hodnotici napjatost horninového
masivu.

Pro hodnoceni harninového masivu bylo vypracovdno mnoho klasifikaci hodno-
ticich horniny z hlediska tunelovani. Pro vypoéty MKP je vhodné pouiit
Bieniavského {1976) klasifikace Rock Mass Rating (RMR). Tato klasifikace zohled-
fiuje kvalitu horniny tvofici horninovy masiv, na zakladé laboratornich zkousek
pevnosti v tahu na valeccich pfi bodovém zatiZeni, nebo zkou$ek pevnosti v pro-
stém tlaku. Pro vztah mezi hodnotou RMR a modulem pfetvarnosti Ep uvadi
Bieniavski (1978) jednoduchou rovnici

E. = 2 x RMR-100 {GPa} [7]

Velmi Casto je rovnéZ pouZivan klasifikacni systém autord Bartona, Liena, Lun-
deho (1974), ktery je charakterizovan ¢islem Q. Hodnota Q se stanovi vypottem
z nékolika parametrd z nichz parametr RQD vyjadfuje kvalitu vrtného jadra
a parametr Stress Reduction Factor {SRF) vyjadfuje vliv napjatostniho stavu
v masivu {pomér napéti in situ k pevnostem horniny, jejimu rozdrceni a bobtna-
ni}). Hoek, Brown {1980} se pokusili stanovit relaci mezi empiricky zjisténymi hod-
notami a hodnotami RMR. PouZili nasledujici vztah

RMR = 9 logQ + 44 8]
Pozdéji Barton {1995) navrhl nasledujici relaci mezi hodnotami RMR a Q.
RMR = 15 logQ + 50 9]

(Estimations of rock mass strength) Vypocet napjatosti horninového masivu na
zakladé klasifikace RMR a Q je velmi konzervativni a vysledky se v priméru
pohybuji pod prahovymi hodnotami, coZ je v rozporu s pozorovanim in situ.
Zfejmé z téchto dlvod( Singh (1993) navrhl piimy vztah mezi hodnotou
Q a napjatosti horninového masivu Ocm.

om=07xyxQ’ [10]

Barton (1995) navrhuje pro inzenyrské aplikace na zékladé rovnice [10] pfi zave-
deni hmotnosti horniny 26 kNm™ rovnici ve tvaru

182x Q° {MPa} [l

Aydan et al. {1993) odvodil na zakladé experimentalnich dat vztah mezi modulem
pruznosti a napétim horninového masivu

En= 800.m (2]

a Serafim a Pereira (1983) stanovili zavislost mezi modulem pruznosti a hodno-
tou RMR ve vztahu

Ocm =

E. =0,0097 RMR*" [13]

POROVNANI PRAKTICKYCH VYSLEDKU VYPOCTU

Horninové prostiedi, které s hloubkou méni modul pruznosti v zavislosti na
napjatosti horninového masivu, bylo pouZito pfi navrhu feseni tunelu pod
Cervenohorskym sedlem. Dvoupruhovy tunel na silnici I/44 mezi obcemi
Kouty nad Desnou a Domasovem ma délku 5314 m a je v podéiném sklonu
0,36 %. Soubéiné s dvoupruhovym tunelem je navrzen unikovy tunel, ktery
slouzi soutasné jako vzduchotechnicky tunel pro pfivod Cistého vzduchu.
Nadlozi tunelu je proménné od 7 do 500 m. Sitkové usporadani komunikace
je navrzeno podle CSN 73 7507 ,Projektovani tuneli pozemnich komunikaci”
v kategorii T 7,5. V mistech otacecich zalivl je dopravni tunel v Grovni vozov-
ky Siroky cca 25 m.

Tunel prochazi metamorfovanymi horninami série Cervenohorského sedla.
Horniny jsou devonského a preddevonského stafi a jsou postizeny regionalni
metamorfézou. Horniny série Cervenohorského sedla je moiné povaiovat za
prikrov, rozpadly na sloZity soubor §upin oddélenych podéinymi nasunovymi
zlomy.

Pfi vypodtu MKP v programu RIB - TUNNEL byly modelovény oba tunely v mis-
tech otacecich zalivl. Pro posouzeni tunelu s otaéecim zalivem a s unikovym
tunelem v misté s nadlozim 340 m byl zvolen kontrolni pfi¢ny fez o celkovych
rozmérech 110 x 100 m a hloubkou 30 m pod dnem tunelu. Jedn4 se o sit 1155
koneénych prvkid s 3389 uzly.

Byly uvazovany Ctyfi zatézovaci stavy.

Viypocetni modul Edef =100 MPa a Poissonova konstanta je v = 0,25,

VYPOCET PODLE IZOTROPNI TEORIE LINEARNI PRUZNOSTI
Prvni vypoéty byly provedeny podle izotropni teorie linedrni pruznosti. Ziskané
vysledky byly nerealné. Maximalni hodnoty ohybovych momentl v sekundarnim

of strength in tension of roller in punctual loading, or laboratory tests of strength
in simple pressure. For relation between RMR and modulus of deformation Em
Bieniavski (1978) indicated simple equation

E,= 2x RMR-100 {GPa} (71

There is very often also used classification system prepared by Barton, Lien,
Lunde (1974), which is characterized by Q number. Value of Q is computed from
several parameters, where parameter RQD expresses quality of drilled core and
parameter Stress Reduction Factor (SRF) expresses influence of strength state in
rock masses (ratio of strength in situ to the strength of rock, its squeezing and
swelling). Hoek, Brown (1980) tried to establish relation between empirically
found out Q values and values of RMR. They used this relation

RMR = 9 logQ + 44 8]
Later Barton (1995) proposed next relation between RMR a Q values
RMR = 15 logQ + 50 9]

Estimations of rock mass strength based on RMR and Q classifications are very
conserva-tive and average results are below thresholds values, which are con-
trary to observations in situ. Probably for these reasons Singh (1993) proposed
the following direct relation between the Q-value and rock mass strength Gem.

Om=07xyxQ° [10]

For engineering applications Barton (1995} suggested on basis equation [10]
using weight of rock as 26 kNm? following equation

Om= 182x Q° {MPa} [

Aydan et al. (1993) deduced on the basis of experimental data relation hetween
modulus of elasticity and strength of rock mass

E.= 800., (12]

and Serafim and Pereira (1983) assessed relation between modulus of elasticity
and RMR value in equation

E. =0,0097 RMR™ [13]

COMPARISION OF RESULTS OF PRACTICAL COMPUTATIONS

Rock mass which changes modulus of deformation according to deepness in depen-
dence on rock mass strength was used for design of tunnel under Cervenohorské
sedlo. Double lane tunnel on the road 1/44 between Kouty nad Desnou and Domasov
has length 5914 m and longitudinal grade is 0,36 %. Parallel to the double lane tun-
nel is designed escape tunnel used also as ventilation duct for clear air. Overburden
is from 7 to 500 m. Width of the road is designed according to the standard CSN 73
7507 "Projektovani tunelli pozemnich komunikaci” category T 7,5, In location of turn
over bays, the width of the tunnel in the level of the road is approx. 25 m.

Tunnel pass through metamorphic rocks of series of Cervenohorské sedlo. Rocks are
Devonian and Predevonian age and are affected by regional metamorphosis. Rocks of
series of Cervenohorské sedlo we can consider for nappe, disintegrated to the com-
plicated set of lamina separated by the longitudinal set in shifts.

In time computing by FEM using program RIB-TUNNEL there were simulated
both tunnels in place of turn over bays. For estimation of the tunnel with turn
over bay and with es-cape tunnel in place where overburden was 340 m was
designed control window overall dimension 110x100 m and deepness 30 m under
bottom of the tunnel, The network has 1155 finite elements and 3389 joints.
There were considered four (4) loading states.

Computing modulus of deformation

Eqer =100 MPa and Poisson coefficient is v = 0,25

COMPUTATION ACCORDING TO THE ISOTROPIC THEORY OF LINEAR ELASTICITY
The first computations were made in accordance with isotropic theory of linear
elasticity. The results obtained were unrealistic. The maximum value of the
bending moment in secon-dary lining reached e.g. 13 400 kNm, axial force was
38 800 kN. The absolute deformation of the lining was also unrealistic.

COMPUTATION WITH VARIABLE MODULUS OF DEFORMATION

In the next step computing of FEM there was used model with assumption of elastic
linear continuously inhomogenous continuum. Because in FEM there was absence of
practically applicable of constitutive relations which describes dependence of modu-
lus of deformation Er, of rocks with great overburden to the state of strength, there
was utilized Ohde relation [3] already integrated in program RIB-TUNNEL

Eonpe = Ere [pﬁ]m [14]

]
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osténi dosahovaly napf. 13 400 kNm, normalovych sil 38 800 kN. Stejné tak byly
nerealné i absolutni hodnoty deformaci.

VYPOCET S PROMENNYM DEFORMACNIM MODULEM

V daldim vypocetnim kroku byl proto v programu pouzit model MKP s pfedpo-
kladem pruzného linedrniho spojité nehomogenniho kontinua. Z divodu absen-
ce ve vypottech MKP prakticky pouZitelnych konstitutivnich vztah(r popisujicich
zévislost deformacniho modulu Em hornin s velkym nadloim na stavu napja-
tosti, byla vyuzita Ohdeho zavislost [3] integrovana v programu RIB - TUNNEL .

Eonpe = Ever [&]m [14]

PFi odhadu materidlovych parametrd horninového prostiedi pro uéely rovnice
[14] bylo pFihlédnuto k experimentélnim vysledkim. V nagem piipadé jsme pro
vztainou napjatost pouzili hodnotu pg = 100 kPa, referenéni deformacni modul
byl polozen Eref = Eger =100 MPa.

Exponent m fidici viiv prabéhu funkce p(z) na deformaéni modul Egupe byl uréen
dosazenim napjatosti o; = h » y= 8 MPa v ose tunelu do rovnice [12] a porovné-
nim takto odhadnuté lokalni hodnoty deformaéniho modulu Ep = 1500 MPa
s hodnotou Egype stanovenou dle zavislosti [14]. V ose tunelu tedy pfiblizné plati

log h

Eoupe = En atedy i m= ——=

0,618
log P

In

a

Stanovené hodnoty byly konfrontovany s normovymi charakteristikami, zatfidé-
nim a zékladnimi geotechnickymi vlastnostmi hornin zjisténymi geologickym
prizkumem.

Dosazené vysledky vypottu MKP s proménnym deformacnim modulem dle
Ohdeho zavislosti [6], resp. [14] s pfizplisobenymi materidlovymi parametry pro
horniny odpovidaji experimenalnim hodnotém a hodnotdm oéekdvanym na
zakladé zkuSenosti z razeb tuneld s vysokym nadlozim. Maximélni hodnoty ohy-
bovych momentl v sekundarnim osténi dosahuji napf. 1518 kNm, normalovych
si 13300 kN. Maximalni vertikalni pokles vrcholu klenby ¢ini 23 ¢cm, ve vodorov-
ném sméru dosahuji hodnoty konvergence 5 cm.

ZAVER

Porovname-li vysledky vypottl podle izotropni teorie lineérni pruznosti a podle
teorie pruiného linearniho spojité nehomogenniho kontinua, pak momenty ve
spodni klenbé byly v izotropné pruzném prostiedi 7,8 krat vétsi nez v lineérnim
spojité nehomogennim kontinuu. Normalové sily byly vétsi 3,6 krat.

Obecné je nutné zddraznit, Ze numerické vypoéty konstrukei tunelovych osténi je
nutné provadét s piihlédnutim ke specifickym podminkam podzemi. Konstrukce
umisténé v zeminéach vyzaduji jiny pfistup nez konstrukce v horninach. Zatimco
teorie numerickych vypo¢tl v zeminach je velmi dobfe propracovana, matema-
tické modely konstrukci v horninach umisténych souc¢asné ve velkych hloubkach
jsou ve stadiu experimentélniho ovéfovani, resp. je realizace pfisludnych vypo-
¢etnich modeld konstitutivnich vztah( spojena s enormnimi naroky na vypoéet-
ni algoritmy a vstupni parametry materiald.

Zjednodugené reseni této Ulohy zalozené na teorii Ohdeho a empirii Aydana pre-
sto vykazuje dobré vysledky. Je-li vypocet navic doplnén i parametrickou studii
a méfenim na realné konstrukei, pak toto feseni pfedstavuje velkou oporu pro
névrh konstrukce.
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When material parameters of rock mass were estimated for purpose of equa-
tion[14] there were experimental results considered. In this case relative
strength p, = 100 kPa was used, reference modulus of deformation was put down

Eref = Eder =100 MPa. g E’”
Eoroe = Eny m= ——= = 0,618
log P
Pa

Exponent m controlling influence of p(z) function to the modulus of deformation Eow
was determined by inducting of strength Gz = h <y = 8MPa in axe of the tunnel to
the equation (12} and by the comparison this way estimated local value of modulus
of deformation Em @ 1500 MPa with E.value set down according to the equation
(14). In the axe of the tunnel is approximately authentic. Assessed values were con-
front with standard parameters, classification and basic geotechnical parameters of
rocks find out by geological survey. Attained results of the FEM computation with flu-
ently variable modulus of deformation according to Ohde relation [6], [14] respecti-
vely, with adjusted material parameters for rocks, corresponds to the experimental
values and to the values awaited on the basis of experience with tunneling of tunne-
Is with great overburden. Maximum value of bending moments in secondary lining
reaches 1518 kNm, axial force reached 13 300 kN. Maximum fall off middle of the arch
was 23 cm, horizontally convergence was 5 cm.

CONCLUSION

If we compare the computation results by course of isotropic theory linear elas-
ticity and by course of elastic theory linear continuously inhomogenous contin-
uum, then bending moments in the bottom arch of the tunnel were in isotropic
elastic medium 7,8 times bigger than in linear continuously inhomogenous con-
tinuum, Axial forces were 3,6 times bigger.

Generally is necessary to emphasize, that numerical computation of tunnel linings
is needful to provide considering specific conditions of underground. Constructions
located in soils requires different access than constructions in rocks. While theory of
numerical computation in soils is work up very well, mathematics models of con-
struction located in rocks and in great deepness, are in stage of experimental verifi-
cation, respectively realisation of computing models of constitutive relations is con-
nected with enormous requirements for computing algorithm and enter data of
material parameters. Simplified solution of this problem based on Ohde theory and
empiricism of Aydan nevertheless gives good results. If computation is additionally
supplemented with parametric study and with measurement on real construction,
then this solution represents great support for proposal of construction.
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Obr. 2: lzolinie vertikalnich posuvi {mm} po rozpadu priméru a zabudova-
ni sekundarniho osténi

Izolines of vertical displacements {mm} after disintegration of first
lining and installing of secondary lining

Fig. 2:
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Tunel

VYSTAVBA KOLEJOVEHO SVRSKU
BEZ STERKOVEHO LOZE V TUNELECH METRA

INSTALLATION OF BALLASTLESS
TRACK IN MRT TUNNELS
ING. JAROMIR ZLAMAL, POHL CZ A.S.

uvoD

V tunelech metra se pouzivaji rizné metody instalace kolejového svréku. Ugelem
pouziti metody Top Down je spolehlivé zajistit vyskové a smérové uspofadani na
betonové desce, ekonomicky a prakticky umistit hmozdinky pro podkladnice pfes-
né v pozadovanych tolerancich. Kolejovy svriek metra je obvykle bez $térkového
loze, se zakladnim rozchodem 1435 mm. Kolejnice jsou pfimo pfipevnény k podél-
nym prahtim nebo deskam a upevniovadla pfimého pfipevnéni jsou obvykle s ela-
stomerem a pruznymi svérkami, s pficnym tkionem koleji 1:20 az1:40. Kolejnice
jsou obvykle kvality 900A nebo 1100 a jsou svafeny do pasl s délkou a 200 m.
Upevriovadla jsou rozmisténa na betonovou desku ve vzdalenostech cca 750 mm.
Betonova deska je obvykle vyztuZena Zebirkovou vyztuzi, ale nékteré desky vyztu-
zeny nejsou. Vyska betonové desky zavisi na vzdalenosti temene kolejnice a pod-
kladniho betonu {invertu). Ptipravek GSF (Gauge Support Fixture} pro kontrolu
rozchodu je obvykle pouzivan k dodrZeni spravné hodnoty rozchodu a vyskového
uspotadani, ale v nékterych systémech (STEDEF) je tento pfipravek nahrazen
prazcem. Rozdily mezi jednotlivymi systémy jsou uvedeny dale.

CESKA REPUBLIKA -SYSTEM PRAZSKEHO METRA

Tento systém byl vyvinut s cilem zajistit rychlou a piesnou metodu Top Down
vystavby betonové desky, budované v tunelu. Vystavba desky metodou Top
Down s rozchodkovym pfipravkem zagina montazi bednéni na podkladni beton
{obr.1).

Je nutné opakované sledovat geometrii horniho povrchu kolejovych betond,
zvlasté pak v dobé betonaze. Kolejnice pfipojené k rozchodkovému pfipravku
slouzi jako $ablona pro pfesnou montaz kolejového svréku. Po dosaZeni mini-
malni pozadované pevnosti betonu jsou kolejnice osazeny pomoci rozchodko-
vého pFipravku do pfiblizné polohy a vysky. Uklon kolejnic je nastaven 1:20
a vyskové uspofadani kolejnic je nastaveno specidlnim geodetickym piipravkem
se dvéma Srouby. Ke kolejnicim jsou namontovana upevfiovadla a geodetickd
skupina miZe zacit nastavovat pfesny rozchod. Prostor mezi spodni &asti upev-
fiovadla a kolejovym betonem je vyplnén plastbetonem (obr. 2).

FRANCIE - SYSTEMY STEDEF & SONNEVILLE

Tyto systémy tvofi Zelezobetonovy podklad, do kterého jsou kolejova pole

z kolejnic, upeviovadel a prazci v gumovych botkach osazeny do spravné polo-

hy. Kolejnice se pouzivaji jako zamérny prvek pro vyskové a smérové urovnani

trati pfed tim, neZ jsou prazce ¢astecné zabetonovany. Osazeni do spravné polo-
hy je dosazeno svislymi a vodorovnymi §rouby a az potom jsou praZce zabeto-
novany. Tento systém je intenzivné pouzivan na pafizském metru RATP

a v jinych metrech ve Francii a Svycarsku. Podobny systém, vyvinuty Sonneville

Int. Corp., se samostatnymi betonovymi bloky, byl pouzit mezi Anglii a Francii

v Channel tunelu. V plvodnim systému STEDEF kolejnice lezi na betonovych

blocich spojenych ocelovou spojkou {obr. 3). Tak jsou drzeny ve spravné vzda-

lenosti zvlasté v dobé pokladky trati. AvSak v nékterych pFipadech byly tyto oce-
lové spojky na obtiz a nékdy byly vyfiznuty. Geometrie a provozovani trati tim
nebylo ovlivnéno. Unavové testy se svislou a vodorovnou silou provadéné

SNCF jako ¢ast testd ORE D87 Committee ukazaly, Ze ocelové spojky nezlep$ily

diouhodobou provozuschopnost systému. V podminkach Channel tunelu byly

ocelové spojky nezadouci a bylo rozhodnuto, Ze bude lep$i pouZit samostatné
bloky jako podpory kolejnic z nasledujicich divodd:

- ocelové spojky jsou pfidavnym zdrojem hluku

- zvySuji aerodynamicky odpor

- pfekazi pésimu pohybu, véetné tdrzbafskych Cet, a vadi pouzivani speciélnich
zafizeni na ¢igténi tunelu.

- mohou byt zachyceny vleéenymi sou¢astkami a zvy$uji moznost vykolejeni.

- omezuji hloubku ulozeni prazct do botek, které plisobi jako separator béhem
zavéretné betonaze.

- navic pak nezavislost kolejovych opor a redukce celkové hmotnosti prazci
a jejich objemu zjednodusuje idribu, ktera mize byt provadéna oddélené na
kazdé kolejnici.

USA - SYSTEM HECO

Firma IHECO (Iron Horse Engineering Company} vyvinula metodu Pip-Fast (zkratka

venikla z prvnich pismen a slabik slov: Pour-In-Place FASTenirigs) 2arutujici rychly,

presny a pracovné nendroény zplisob vystavby desky betonované v tunelu. Tato
metoda byla pouita v San Francisku, Torontu, Clevelendu, Bostonu a Taiwanu. Pip-

Fast systém vyuzivé kolejnice jako sablony pro rozmisténi upevnovadel, co? je nazy-

vano rpetoda “TOP DOWN?" (obr. 5). Toho je dosazeno ustavenim kolejnic v poZa-

I:iov_anem rozchodu, prevyseni a smérovém | vyskovem uspofadani, vystavbou

svrsku ve vzduchu s naslednym ,zavésenim® upeviiovadel na kolejnice v projekto-

vanych vzdélenostech pred betonasi desky, nebo zalitim do betonu. Pétefi metody

INTRODUCTION

In tunnels of Municipal Rapid Transit (MRT) the different installation method
of ballastless tracks are used. The purpose of using the Top Down method
is to provide a fool-proof way to finish the grade line and cross-slope on the
slab concrete and locate the anchorage inserts within the required dimen-
sional tolerances that are economical as well as practical. The MRT Track
Construction is usually non ballasted track a nominal gauge of 1435 mm.
The rails are fixed directly to the continuous plinth pad or slabs and the
direct fixation rail fasteners usually with vulcanise elastomer and the flexi-
ble clips with cant 1:20~1:40 are used. The rails are usually 900A or 1100
quality and are continuously welded to strings with maximum length of 200
m. The fasteners are placed in cca 750 mm spacing on a concrete slab. The
slab can be reinforced by deformed reinforcing bars, but some concrete
slabs are not reinforced. The height of the concrete slab depends on the dis-
tance top of the rail to the invert concrete. The Gauge Support Fixture is
usually used to keep proper gauge and elevation, but there are some sys-
tems where Gauge Support Fixture is superseded by sleepers (STEDEF).
The differences between installation systems are listed below.

CZECH REPUBLIC-PRAGUE METRO INSTALLATION SYSTEM

This system was developed to provide a quick, accurate Top Down method
of constructing cast-in-place slab. Using the Top Down (Pip Fast) method
with Gauge Support Fixtures (GSF) starts by adjustment of forming on first-
pour concrete (Fig.1.)

It is necessary to check the geometry of the upper surface of concrete slab
periodically, especially while placing concrete. The running rails connected
to the GSF are used as a construction template for precious installation of
the track. Having achieved the minimum crushing strength of concrete the
rails are canted and elevated to approximate gauge by adjusting of GSF.
The cant of the rails is adjusted to 1:20 using GSFs and elevation of the rail
is adjusted by special two screw levelling equipment. The fasteners are
mounted to the rails, and then survey team starts to adjust exact gauge.
Space under fasteners is filled up by epoxy resin mortar (Fig.2.)

FRANCE - STEDEF & SONNEVILLE INSTALLATION SYSTEMS
These systems utilise a reinforced concrete base upon which track panels of
rail fastenings and twin block sleepers encased in rubber boots are set in
position. The rails are used as the reference for levelling and aligning the
track before concrete is poured to partially encase the sleepers.
Adjustment to the proper elevation is achieved by vertical and horizontal
screw and finally concrete is poured under sleepers. This system has been
extensively used on the Paris RATP system and other metro systems in
France and Switzerland. Similar system developed by Sonneville Int. Corp.
using the independent block system has been adopted for use in the
Channel Tunnel between England and France. In the original STEDEF sys-
tem the rails rest on sleepers blocks joined by a steel tie (Fig. 3). Doing that,
they are held at the appropriate distance apart at the time when the track is
laid. However, in some circumstances these ties have proved to be a nui-
sance and they have sometimes been cut. The geometry and performance
of the track are reported not to have been affected. The fatigue tests with
vertical and lateral forces carried out by the SNCF as part of ORE D87
Committee tests have also shown that the ties did not improve the long
term performance of the system.
Under the Channel Tunnel conditions, ties were particularly undesirable,
and it was thought to be better to use separate blocks as rail supports for
the following reasons:
- steel ties are an additional source of noise.
- they increase aerodynamic resistance.
- they obstruct pedestrian movement, including maintenance teams,
and hamper the use of special equipment for cleaning the Tunnel.
- they can be caught up by dragging parts and increase the effects of
possible derailment.
- they restrict the depth of the blocks inserted into the boots which act as

|
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Pip Fast je rozchodkovy pfipravek GSF {obr. 4), zajistujici pIné nastavitelnou robust-
ni podpéru kolejnic a upeviiovadel, které tak mohou byt snadno manipulovany
a nastaveny normainé zkudenymi tratovymi pracovniky. Rozchodkovy pfipravek
GSF ma schopnost prenést zatiZeni trati pfi pfejezdu posunovaci lokomotivy
s materidlem nebo betonafskymi voziky az do hmotnosti 7248 kg.

Vzdélenost povrchu Zelezobetonovych prah(i od temene kolejnice je stale stejné
dodrzena jak v pfimé trati, tak v pfechodnici a v oblouku. Ustaveni trati jako Sab-
lony pro betondz, které provadi geodeticka skupina, musi byt vidy zahdjeno na
zatatku Useku a postupuje se smérem k jeho konci. Velmi ¢asto je nutné zamé-
tovat cely Usek nékolikrat, protoze v disledku velké tuhosti kolejnic neni mozné
pii jednom zaméFovani délat velké zmény. Geodetickd skupina zaméfuje kolejni-
ce jako podélny prvek. Tuhé kolejnice nedovoli instalovat sousedni upeviiovadla
v nespravné poloze k ose koleje, protoZe jednotlivé pary upeviovadel nejsou
zaméfovdny samostatné. Nepfesnost osy koleje vzniké pouze nékdy na konci
betonovaného Useku. Proto se doporuéuje prodlouZit kolejnice alespoi 6 m za
betonovany Usek a tyto prodlouzené kolejnice musi byt také pfesné méreny
a ustaveny. Maximaini nepfesnost osy koleje zaméfena na stavbé byla 12 mm.

JAPONSKO-SYSTEM YAKT

Rozchodkovy pfipravek GSF pouzivany timto systémem je velmi lehké a jedno-
duché zafizeni. Vystavba zacind postavenim bednéni na invert a sestavenim
vyztuZe do bednéni (obr. 8). Spradvna geometrie koleje je, podobné jako v systé-
mu IHECO, dosaZzena pouZitim Sablony z trvalych nebo docasnych kolejnic a roz-
chodkového pfipravku GSF pro osazeni upeviiovadel a hmoidinek do spravné
polohy ve vztahu k ose koleje a geometrickym parametrdm trati.

Tuhé kolejnice neumoziuji nespravné zabudovani sousednich upevitovadel pfi-
mého pfipevnéni ve vztahu k ose koleje a geodeticka skupina zaméfuje pouze
temeno kolejnice, jednotlivy par upevfiovadel neni zaméfovén samostatné.
Geodetické prace jsou vidy zahdjeny na zacatku Gseku a postupuji se smérem
k jeho konci. Velmi Casto je nutné zaméfovat cely Usek nékolikrat, protoze
v disledku velké tuhosti kolejnic neni mozné pfi jednom zaméfovani délat velké
zmény. Popsanad metoda pouZiva upeviovadla k vytvofeni UloZné spary v beto-
novém prahu, na které spocivaji upeviiovadla pfimého pfipevnéni.

FRANCIE, R.0.C. - SYSTEM TSO

Na metru v Taipei (Republic of China-Taiwan) byly pro pfesné osazeni svréku pou-
Zity tii rdzné systémy instalace upeviovadel piimého pfipevnéni. V roce 1992
byla francouzskou firmou TSO budovand &ervend trasa (Tamshui line) a tato
spoleénost vyvinula vlastni rdmovy pfipravek GSF {obr.7).
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Obr. 1 Systém prazského metra

Fig. 1 Prague Metro installation system

O_br. 2 Detail piimého pfipevnéni - systém prazského metra
Fig. 2 Detail of Prague Metro installation system

separator during pouring of the final concrete.

- in addition, the independence of the rail supports and the reduction in the
overall weight of the sleeper and its bulk simplify maintenance operations
which can be carried out separately on each length of rail.

USA - IHECO INSTALLATION SYSTEM

The IHECO (lron Horse Engineering Company) developed the Pip-Fast
(acronym made from first letters and syllable of the descriptive words:
Pour-In-Place FASTenings) method to provide a quick, accurate and labor-
saving method of constructing cast-in-place slab track. This method was
used in San Francisco, Toronto, Cleveland, Boston and Taiwan. The Pip-Fast
system uses the running rails as a template for locating fasteners in what is
called a "TOP-DOWN?" construction method Fig.5. This is done by support-
ing the running rails at the proper gauge, cant, line and surface, building
track in the air, then "HANGING" the fastenings from the rails at the design
spacing before placing the slab or encasement concrete. The Pip-Fast
Gauge Support Fixture (GSF) is the backbone of the system Fig.4, providing
a fully-adjustable, robust support for the rails and fastenings which can be
easily handled, set up, and used by normally-skilled track personnel. The
GSF have the capacity to support the track when pushcars of material or
concrete buggies, weighing up to 7248 kg travel over the track.

The top surface of plinths maintains steady distance from the top of the rail
level, in tangent track, spirals & canted track. Adjustment the template track
by survey team should always be made by starting at one end of the spread,
working towards the other. It is often necessary to go over the set-up spread
several times, because it is not possible to make big adjustment changes in
one pass, due to stiffness of the rails. Survey team measures rails as longi-
tudinal element. Rigid rails don't allow to install neighbouring DFF pads
improperly to the center line, because each pair of the DFF pads are not sur-
veyed as discrete case. The imprecision of the center line of track is
achieved rarely at the end of the concreted lot only. It is recommended to
extend running rails or dummy rails of a least 6 m beyond the end of the
concreted lot and this extension has to be measured and adjusted accu-
rately as well. The maximum imprecision of the center line measured in the
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Obr. 3 Systémy STEDEF & SONNEVILLE
Fig. 3 STEDEF & SONNEVILLE installation systems

Obr. 4 Systém IHECO
Fig. 4 IHECO installation system
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PouZiti této metody Top Down (Pip Fast) s rdmovym pfiipravkem zaginé osaze-
nim bednéni na invertu a instalaci GSF s montaznimi $ablonami svrsku.
Hmozdinky jsou pfipevnény k $ablonam kazdého ramového pfipravku a jednot-
livé ramové pfipravky jsou zaméFovany samostatné. Pro osazeni rdmovych pfi-
pravkd byly vypocteny vysky dvou specialnich bodG umisténych na kaidém pfi-
pravku. Kazdy péar upeviiovadel je osazovan jako samostatny pfipad a mezi sou-
sednimi pary upeviovadel neni fyzickd vazba. V dobé instalace ramového pfi-
pravku je nebezpedi jeho nepfesného osazeni a hlavnim divodem této nepres-
nosti byvé obvykle lidsky faktor. | kdyz geodeticka skupina osadila vii¢i ose kole-
je vyskovou a smérovou polohu GSF spravné, nékteré ramové pfipravky mohly
byt instalovany nesvisle. Nepfesnost ve vertikalni instalaci GSF je pti€inou rota-
ce $ablony pro upeviovadla a rozdil mezi projektovanym a skuteénym povr-
chem pod upeviovadly mize byt az 2 mm. Potom byla kolej obvykle vertikainé
urovnana pomoci brouseni betonu, ocelovych podiozek nebo pomoci epoxido-
vé stérky s piskovym plnivem nebo bez plniva. Brouseni povrchu betonu bylo
pouzito v téch ¢astech, kde horni povrch betonovych prahl byl nerovny nebo
jeho troven pfesahla projektovanou urover (obr. 7).

Stérkovani a podlozkovani bylo pouzito tam, kde Uroven povrchu prahl byla niz
nei v projektu. Bylo pouZito az 5 kusl ocelovych podloZek o celkové tloustce
20 mm. Pfi inspekci byla zjisténa maximalni tloustka stérky rovnéz 20 mm.
Rozdilna vyska betonového prahu byla zjisténa dokonce ve dvou sousednich upev-
novadlech, kdy jedno upeviiovadlo bylo podlozeno 15 mm podlozek a sousedni
upeviovadlo bylo 256 mm pod horni drovni povrchu betonového prahu. Horizontélni
poloha svriku byla urovnavana pomoci zmény polohy upeviiovadel vici kotevnim
$roublim, pouzitim polohovaci podlozky a ozubeného otvoru ve spodni desce upev-
fiovadla. Casto byla vyufita jiz cela délka horizontalniho nastaveni, tzn. Ze dal3i hori-
zontalni urovnani mlze byt provedeno pouze v opaéném sméru. Dokonce v jednom
pfipadé byla zjisténa extrémni situace, kdy jedno upevfiovadlo bylo ustaveno v polo-
ze -15 mm a sousedni upeviovadlo bylo ustaveno v poloze +15 mm.

KOREA, R.0.C. - SYSTEM TE-SHENG A WEEDO

V roce 1994 firma TE-SHENG a WEEDO vyvinula pro modrou trasu Taipejského
metra (Panchiao and Nankang lines) odli$nou metodu Top Down instalace svr$-
ku. Vystavba tohoto systému zacind ustavenim bednéni na invert a instalaci GSF
s montaznimi ablonami pro svrsek {obr.8).

Nejprve je ustaveno ocelové bednéni a geodetickd skupina potom nastavuje
GSF se $ablonami pro hmozdinky, ke kterym jsou pfipevnény hmozdinky. GSF
byly podepfeny bednénim a jsou ustaveny pomoci $roubd. Kazdy par upeviio-
vadel je zaméfovan samostatné a ocelové Sablony pro hmoZdinky jsou nas-
tavovany vici ose koleje pomoci Ctyf Sroubd {obr.9). Na sprdvnou instalaci GSF
ma v této metodé opét velky vliv lidsky faktor. Prahy jsou betonovany na misté
s maximalni pfesnosti, aby byla zaji§téna pfesna vyska horni Urovné prah
a rovnéz neménnd vzdalenost mezi prahy {obr. 8). P¥esto byla v nékterych pfi-
padech ve vedeni trati zjisténa nepfesnost. Stérkovani a podlozkovani bylo
pouZito v téch Castech, kde droven prahl byla niZsi neZ projekt.

ZAVER

Kazdy systém ma své vyhody a nevyhody, které zavisi na podminkéach a poza-
davcich konkrétni situace.

Systém prazského metra ma vyhody v zabezpedeni vysoké kvality geometrie
trati v dasledku pouziti kolejnic jako Sablony a v jednoduché technologii.

Obr. 5 Systém IHECO
Fig. 5 IHECO instaliation system

field was 12 mm.

JAPAN-YAKT INSTALLATION SYSTEM

The GSF used by YAKT is very lightweight and very simple equipment. The
installation starts by adjustment of forming on first-pour concrete and
assembling of reinforcing in forming Fig. 6.

The proper geometry of track is achieved, as in IHECO system, using the
running or dummy rails with GSF as a construction template for correct
locating the DFF pads, and inserts relative to the work point of track and
geometry parameters.

The rigid rails don't allow the installation of the neighbouring DFF pads
improperly to the center line, and survey team adjust the top of the rail only,
each pair of the DFF pads are not surveyed as discrete case. The survey
work should always be made by starting at one end of the spread, working
towards the other. It is often necessary to go over the set-up spread sever-
al times, because it is not possible to make big adjustment changes in one
pass, because the rails are too stiff.

The method described and illustrated uses fasteners to form the seat in the
plinth concrete to support the DFF pads.

FRANCE, R.O.C. - TSO INSTALLATION SYSTEM

Taipei MRT System Project {Republic of China-Taiwan) has used three dif-
ferent installation DFF systems for adjustment and proper installation of
track. In 1992 the red line (Tamshui line) was constructed by a French con-
tractor TSO and this company developed bridging the GSF (Fig.7).

Using the Top Down (Pip Fast) method with Gauge Support Fixtures {GSF)
starts by adjustment of forming on first-pour concrete and installation of
GSF with template track assembly. Inserts are attached to templates and
each bridging GSF is adjusted separately. In time adjustment of the GSFs
the elevation of two special points for each bridging GSF has to be figured
out. Each pair of DFF is adjusted as a discrete case and there is no physical
interconnection between the neighbouring pairs of DFFs. There is a danger
of improper adjustment in the time of installation of GSF and the main rea-
son of such improper adjustment is usually the human factor. Even when
the survey team properly installs the elevation and the position of bridging
GSF to the center line of the track, some of the GSFs can be installed non
vertically. The imprecision in vertical alignment of GSF is cause of rotation
of DFF template and the difference between designed and concreted surface
under DFF pads can be as much as 2 mm.

Track was vertically aligned usually by means of the concrete surface grind-
ing, metal shims and/or epoxy resin grouting with or without sand. Grinding
of concrete surface was employed for parts where the upper surface of con-
crete plinth was uneven and/or its level exceeded the designed value.
Grouting and shimming was used for those parts where level of plinth sur-
face was lower than the designed value. Up to 5 steel shims of total thick-
ness approximately 20 mm were sometimes used. Maximum thickness of
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Obr. 6 Systém YAKT
Fig. 6 YAKT installation system
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Ustavovani spravné geometrie svréku je provddéno na dokonéené betonové
desce. Nevyhodou je vysoké cena plastbetonu umistovaného mezi upeviiovad-
la a betonovou desku.

Systém STEDEF je velmi jednoducha technologie. Antivibraéni schopnost sys-
tému muaze byt v budoucnu za provozu zlepdena velmi nizkym nakladem.
Vyhodou systému jsou velmi nizké naklady na adrzbu.

Systém TSO ustavuje rdmovy piipravek pouze pro jeden par upeviiovadel.
V dob& montaze neexistuje fyzicka vazba mezi sousednimi pary upeviiovadel.
Kolejnice UIC 80 je velmi tuhy prvek a pfi montaZi svréku nemilosrdné odhali
jakoukoliv nepiesnost ve vyce povrchu betonovych prahl. V konkrétnim pii-
padé pak mezera mezi spodni hranou upeviiovadel a hornim povrchem prahu
doséahla hodnoty az 20 mm a byla vyplnéna, ne moc Uspésné, ocelovymi pod-
lozkami tloustky 1 aZ 5 mm, protoze spodni hrana upeviiovadla a horni hrana
prahu nebyly vétdinou rovnobézné. Tato skutecnost byla velmi &asto pfiinou
odlepovani ocelové desky a etastomeru upeviiovadla.

Konstrukéni systém IRON HORSE umoziuje plynule ménit néklon kolejnic, roz-
chod, smér a vysku trati. Betonové prahy jsou betonovany az do spodni hrany
upeviiovadel, éimz je zajiSténa spravnd poloha upeviovadel a hmoZdinek
a uplny kontakt mezi spodni hranou upeviiovadla a horni hranou vyztuZzeného
betonového prahu. GSF muiZe byt snadno pfemistovan a jeho nastaveni
a uzivani zvlddnou béiné zaskoleni pracovnici.

Systém Top Down korejské spoleénosti WEEDO a taiwanské spoleénosti TE-
SHENG pouZiva bednéni jako prvek pro nastaveni sméru (osy koleje} a Srouby
pro nastaveni vySkového vedeni trati, Pary upeviiovadel jsou zamérovény
samostatné a mezi sousednimi pary upevfiovadel neexistuje fyzickd vazba.
Betonové prahy jsou také betonovany aZz do spodni hrany upeviiovadel, ale
nékdy se mezi spodni hranou definitivniho upeviiovadla a hornim povrchem
prahu objevila mezera.

REFERENCES

[1] Moorhead, W.H.: The PIP-FAST support system for construction direct fixation
fastener track, Iron Horse Engineering Co., Suffolk 1995

[2] STEDEF V.S.B.®, System Ballastless Track, Saint - Cloud 1991

[3] YAKT , System Ballastless Track, Japan 1960

[4] Round D.J.: Non-Ballasted Tracks, British Rail Research, Track Technology Course
1993

[5] DORTS: Taipei Rapid Transit System - Planning Manual, TMARTS, Taipei 1991

[6] Proceedings Of The 1993 Symposium on Taipei Rapid Transit System, Vols. A, B, C,
DORTS-TMG, Taipei 1993

[7] Chang, Sy: Interface Of Trackwork Construction, Rapid - Transit Technology No. 11,
Department of Rapid Transit System - TMG, Taipei 1994

[8] Mlejnek V., Schanka J.: Rukovét - Prostorova lprava a kolejovy svrdek metra,
CSVTS Praha 1986

[9] Zlamal, J.,: Rapid Public Transport Systems in Taiwan, Stavebni obzor 6, 8/1997

b

O_br. 7 Systémm TSO
Fig. 7 TSO installation system

e

grouting discovered during the inspection was also 20 mm, too. Very dif-
ferent level of plinth alignment was seen even in two adjacent fasteners,
one fastener was shimmed 15 mm while the neighbouring fastener was
25 mm under the upper surface of the plinth concrete.

Horizontal alignment was performed by means of changing location of
anchor bolts using adjustment washer and serrated opening in the bottom
plate of the fastener. In many cases, the whole range of horizontal adjust-
ment has been used already, i.e. additional horizontal alignment may be
performed in the opposite direction only. An extreme case was found in one
of the fasteners being adjusted by entire 15 mm (minus), while next but one
fastener was adjusted of plus entire 15 mm.

KOREA, R.0.C. - TE-SHENG AND WEEDO INSTALLATION SYSTEM

For the blue line (Panchiao and Nankang lines) of the Tapei MRT TE-SHENG
and WEEDQ developed in 1994 another Top Down method for installation of
track. This system starts by adjustment of forming on first-pour concrete
and installation of GSF with template track assembly (Fig.8).

Steel forming is installed first and survey team then adjust GSF with insert
template and inserts attached. The GSFs were supported by forming and are
adjusted using screw. Each pair of DFF pads is surveyed separately and steel
insert template is adjusted by 4 screws according to the center line of the rail
Fig. 9. In this system the human factor has a big influence on proper installa-
tion of the GSF. Cast-in-place plinths are concreted with maximum accuracy of
trackwork works, to keep precisely plinths top surface and invariant clear dis-
tance between plinths as well Fig. 8. Nevertheless, an improper alignment of
track has occasionally been found. The grouting and shimming was used for
parts where level of plinth surface was lower than designed value.

CONCLUSION

Each installation system has its advantages and disadvantages and it
depends on the particular circumstances and demands as to which installa-
tion system is most suitable.

The Prague Metro installation system has advantage of secure high quality
of geometry due to running rail used as template, and in simple technolo-
gy. Adjusting proper geometry is made on the final shape of the slab.
Disadvantage is high cost of epoxy resin mortar placed between fastener
and concrete slab.

The STEDEF installation system is very simple technology. The anti-vibration qual-
ity of system can be improved at low costs even later on, in operation. During its
service life the system will bring the advantage in low costs of maintenance.

The TSO installation system adjusted Gauge Support Fixtures for each pair of
DFF only. In time installation there is no physical interconnection between the
neighbouring pairs of DFFs. The rail UIC 60 is a very stiff line element and
uncharitable detect any inaccuracy at elevation of the plinth surface in time
assembly of track. The space between the lower edge of the fastener and the

Obr. 8 Systém TE-SHENG a WEEDO
Fig. 8 TE-SHENG and WEEDO installation system
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Obr. 9 Detail ocelovych sablon systému TE-SHENG a WEEDO
Fig. 9 Detail of insert template TE-SHENG and WEEDQ installation system

Obr. 10 Systém TE-SHENG a WEEDO
Fig. 10 TE-SHENG and WEEDQ installation system

top surface of plinth was high till to 20 mm and was filled by steel shims thick-
ness of 1~5 mm not too successfully, because the lower edge of the fastener
and the upper surface of the plinth weren't often parallel. This was very often
cause of debonding of the steel plate and elastomer of fasteners.

The IRON HORSE construction track method makes it possible to fluently
change the cant, gauge, direction and elevation of track. The plinth pads are
concreted until the lower edge of fasteners, when correct position of fas-
teners and inserts and rich contact between the lower flat of the fastener
and the surface of the reinforced concrete plinth is assured. The GSF can be
easily handled and can be set up and used by normally-skilled personnel.
The Korean company WEEDQ and the Taiwan TE-SHENG contractor Top Down
method using forming as an adjusting element for direction (center line of the
rail) and screws as adjusting element for elevation of track. The pairs of DFF
pads are surveyed separately and there is no physical interconnection
between the neighbouring pairs of DFFs. The plinth pads are concreted until
lower edge of fasteners also but sometimes the space between the lower edge
of the finally installed fastener and the top surface of the plinth was found.
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HOBAS
TRUBNI MATERIAL PRO INZENYRSKE STAVBY

HOBAS
TUBE MATERIAL FOR ENGINEERING CONSTRUCTIONS

ING. JAROSLAV KUNC, HOBAS CZ, S.R.O.

uvoD

Stavby Stolovanim, §titovanim, mikrotuneling a vystavba tunell maji spoleény
inzenyrskych staveb. Snahou této vystavby je zjednodusit technologické postu-
py s cilem zvysit kvalitu budovaného dila bez zvySovani nakladi na vystavbu
a nasledujici provoz stavby. Pro vodohospodarské stavby je jiz cca 40 let k dis-
pozici odstfedivé lity sklolaminat z nenasycenych polyesterovych pryskyfic,
vyztuZeny sklenénym vldknem a plnény jemnozrnnym kamenivem. Tento mate-
rial je zndm ve svété pod nazvem HOBAS, nebot tato technologie je pod timto
nazvem celosvétové patentovana a spole¢nost HOBAS se podili na vyvoji toho-
to typu materialu nejen v oblasti surovin, ale také v oblasti technologického
a vyrobniho zafizeni. PouZiti takto vyrdbéného trubniho sklolaminatového
materialu je spolecnosti HOBAS sledovano s cilem poskytnout uzivatelim co
nejvice informaci a ziskané informace naopak vyuzit ke zlepseni své ¢innosti.
Vedle jiz béznych aplikaci na kanalizace, pfivody k malym vodnim elektrar-
nam se oblast pouziti roz§ifuje i na vodovody a primyslové rozvody.
Vlastnosti trubniho materialu si nasly oblibu nejen mezi uzivateli a investo-
ry, ale také mezi stavebnimi firmami, které stavby tohoto charakteru reali-
zuji. Mezi prvni ,podzemni technologie” bylo vkladani trubek HOBAS do
stavajicich trubnich fadd (pfevainé kanalizacnich) tak zvanou technologii
relining. Po¢atkem 80tych let nastupuje pouzivani trub HOBAS pfimo na
protlaky (hlavné pro gravitaéni kanalizace} metodou fizeného protlaku.

POPIS MATERIALU HOBAS, POUZITYCH SUROVIN A TECHNOLOGIE VYROBY
Nové konstrukéni materidly, které svymi vlastnosti nahrazuji tradi¢ni materia-
ly, se vedle strojirenstvi a stavebnictvi (jako hlavnich obord) uplatfiuji i v sou-
visejicich oblastech jako je napf. vodarenstvi. UZiti plast( v téchto oborech je
dano zejména problematikou ochrany konstrukénich material(l proti ucinkiim
koroze jako limitujiciho prvku ke stanoveni optimalni Zivotnosti. V pfevazné
mife se ve strojirenstvi jedna o problematiku ochrany ocelovych konstrukénich
prvki proti zvySujici se agresivité prostiedi. Jednim z materiald, které spliuji
vysoké naroky konstruktérd, jsou kompozitni materialy z uhlikatych nebo skle-
nénych viaken, které jsou spojeny rliznymi typy pryskyfic. Kompozitni materi-
aly se pro svoje vlastnosti {pevnost, odolnost proti korozi, pruznost, nizka
hmotnost apod.) uzivaji stale vice nejen ve strojirenstvi (ndhrada za kovy}, ale
i ve stavebnictvi. Ve stavebnictvi (a zejména u staveb v podzemi) se mezi nej-
vétsi problémy ukazuje vodotésnost a trvanlivost betonu pfi pasobeni pod-
zemni vody a trvanlivost vyztuze u zelezobetonovych a predpjatych kostrukei.
Jednou z technologii zpracovani pryskyfic, sklenéného textilniho vlakna
a plniva je odstiedivé litd technologie vyroby trub. Takto vyrobeny material
spliiuje zakladni kritérium kvality; kvalitni vyrobek je podminén nejen kvalit-
nimi surovinami pfi vyrobé, ale i kvalitni technologii zpracovani. Na sklolami-
naty neni tieba pohlizet jako na néco exotického. Jedna se o kompozitni
material jako je napf. Zelezobeton a obdobné jako u Zelezobetonu se suroviny
zhutnuji vibraci, lisovanim, vakuovanim a odstiredovanim pro zajisténi poza-
dovanych vlastnosti (dlouhodobych), tak i pfi zpracovani sklolaminatd zabez-
pefuje energie odstiedovanim pii zpracovani surovin maximélni zhutnéni
a tim zajisténi soudrznosti véech pouzivanych surovin a nepropustnost stén.

ODSTREDIVE LITY SKLOLAMINAT PRO VODARENSTVI
1. TECHNOLOGIE VYROBY A VYROBNI PROGRAM

Trubni systémy z tohoto typu materialu, ktery se v zahraniéi pouZiva jiz cca
40 let, pfedstavuje novou generaci trubniho materialu pro vodovodni, kana-
lizaéni, ale i jiné primyslové fady pro pfenos kapalin veho druhu. Jedn4
o vyztuzené sklolaminatové trouby vyrabéné odstfedivym litim do dutych
forem. Formy se pfi vyrobé otadeji pfi sou¢asném automatickém davkovani
materialu (polyesterova pryskyfice, skelné vlakno, kfemenny pisek a dalsi
pfisady podle poZadavkd) v pfedepsaném poméru. Touto technologii
dochézi k odstranéni vegkerych vzduchovych a plynnych péri a kapilar,

INTRODUCTION

Constructions realized by means of galleries, shields, microtunnelling and
tunnel constructions have a common character of construction, viz. they
are underground constructions which are ranked among the most compli-
cated engineering constructions. The aim of such constructions is to sim-
plify technological methods and to increase the quality of the constructed
work without increasing costs both for the construction and for the follow-
ing operation of the work. For water supply constructions there is available,
for about 40 years, a centrifugally cast glassfibre reinforced polyester with
a fine grain aggregates as an infill. Said material is known in the world
under the name HOBAS, because this technology has been patented all
over the world, and the company HOBAS takes part in the development of
this type of material not only in the sphere of raw materials, but also in the
sphere of technological equipment and production one. The application of
the tube glassfibre reinforced plastic produced in said way is watched by
the company HOBAS with the aim to provide customers as many informa-
tion as possible, and to utilize the gained information for improving its
activities.

Besides usual applications for sewerage, conduits to small water power
plants, the sphere of application has been spread even to water-works con-
structions and industrial distribution systems. Properties of the tube mate-
rial have stood favour not only among customers and investors, but also
among building firms which realize constructions of said type. As one of the
first among “underground technologies” there may be ranked an inserting
of tubes HOBAS into existing tube systems (mostly sewerage ones) by
means of a so called relining technology. At the beginning of eighties there
started a method to use tubes HOBAS directly for jacking (mainly for grav-
itation sewerage) by means of the method of a controlled pipe jacking.

DESCRIPTION OF THE MATERIAL HOBAS, OF APPLIED RAW MATERIALS
AND OF THE PRODUCTION TECHNOLOGY

New construction materials, the properties of which replace traditional
materials, have been applied, besides mechanical engineering and civil
engineering (as main branches) even in neighbouring branches such as
e.g. in water-works construction, The use of plastic materials in said
branches results in the first place from problems concerning protection of
construction materials against corrosion effects as the limiting element for
determining the optimum service life. In the mechanical engineering, it con-
cerns mostly protection problems of steel structure elements against an
increasing environmental aggressivity. One sort of the materials which
comply with high requirements of designers, are composite materials of
carbon fibres or glass ones which are joined by means of various kinds of
resin. Composite materials are used because of their properties (strength,
resistance against corrosion, elasticity, low weight, and the like) more and
more not only in mechanical engineering (instead of metals), but in civil
engineering too. In civil engineering (particularly as to underground con-
structions) there are ranked among the most complicated problems in the
first place both the service life and the waterproof property of concrete at
underground water effects, as well as the reinforcement service life of
reinforced concrete structures and prestressed concrete ones. The produc-
tion technology for centrifugal casting of tubes is one of the technologies
for processing resin, manufacturing of glass textile fibres and fillings. The
material produced in this way complies with the basic criterion of quality. A
first-quality product is conditioned not only by first-quality raw material
applied for its production, but also by a first-quality processing technol-
ogy. Glassfibre reinforced polyesters need not be considered as something
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které se do materialu dostanou jednak pfi homogenizaci pryskyFice a jednak
béhem davkovani jednotlivych vrstev. ,Odplynén{” stény trub spolu s doko-
"nalym zhutnénim zaruéuje dlouhodobou pevnost a nepropustnost trub
a spolu s pouZitim nekorodujicich materidlli vytvafi spolehlivé trubni systé-
my pro kanalizaéni a vodovodni fady.
Trouby se béiné vyradbéjl od profilu DN 150 do DN 2400 v délce max.
6 metrli pro libovolny pracovni pietlak PN 1 az PN 25. Tuhost je standardné
ve tfidach SN 2500, SN 5000 a SN 10000. Volba tuhosti je navrhovana podle
zatéZovacich vlivil s vypoétovymi hodnotami vztazenymi k 50tileté Zivotnos-
ti a v pfipadé nutnosti ize navrhnou tuhosti i mimo standardni tiéidu.
Soucastl vyrobniho programu je $iroké spekirum tvarovek vyrabénych ,na
miru”. Rozmérové fada trub o profilu DN 150 aZ DN 500 dovoluje kombino-
vat trouby s tvarovkami z litiny, nebot rozmérové fada je s timto materidlem
plné kompatibilni (litinovd hrdla typu TYTON). Pro ostatni profily jsou doda-
vany tvarovky ze sklolaminatu nebo nerezové oceli podle projektovanych
poZadavk( a vyrobnich moznosti.

2. TYPY SPOJU

Zakladni verzi pro kanalizagni i vodovodni fady jsou spojky opatiené na vnitni
strang tésnicim materidlem. Pro splaskové kanalizace a vodovody se pro tésni-
¢i materidl pouZiva vyhradné syntetického kautuku na hazi etylénpropylénu
(EPDM), ktery je odsouhlasen pro styk s pitnou vodou prakticky na celém svété
a ma potfebnou trvanlivost. Tento typ kauduku pouzivaji vétsinou vsichni
vyrobci trubek s tésnénim v hrdlovych spojich. Existuje dvoji typ spojek, odstie-
dované (do profilu DN 500} pouze s tésnicimi krouzky (oznadované jako DC)
nebo navijené s vnitfni ochrannou profilovanou félii (od DN 150 do DN 2400
oznatované FWC). Oba typy spojek jsou rovnocenné a jejich volba je dana
technologickym zafizenim vyrobnich zavodd ve svété. Spojka se ve vyrobnim
zavodé nasadi na jeden konec trouby a tvofi tim hrdlo trouby. Na stavbé se
potom druhy hladky konec zasouva do nasazené spojky bez jakychkoliv poa-
davkd na lepeni spoju &i provadéni jakychkoliv Uprav. Jedna se tak prakticky
o hrdlové spoje. Stejnym zplisobem jsou napojovany tvarovky HOBAS.
Zvlastnim typem spojd jsou spojky typu DCL. Jedna se prakticky o spojku typu
DC, ktera je navic opatiena na vnitini strané drazkou, Konce trub jsou té7 opat-
feny drazkou tak, Ze po spojeni trubek do sebe je do téchto drazek zasunuto
pero z pruzného avdak tvrdého materialu (silon, teflon) tak, Ze je vytvofen pevny
spoj schopny pfenadet osové tahové sily. Tento spoj se pousiva jen ve vyji-
mecnych pfipadech a jeho pouZiti je vidy konzultavéno s vyrobcem.

Druhym zvlé$tnim typem spojli jsou spojky typu WKH. Jedna se prakticky
0 spojku, kterd svym vnéj$im licem odpovida vnéjsimu priméru spojovanych
trub. Pro spojeni jsou konce trub upraveny podle typu pouiitého tésnéni.
Tento spoj se pouZivd prevaing pro fizené protlaky, pfi nedostatku mista se
uZivajf i pro relining rekonstruovanych beztlakych fadi. Od roku 1998 je evi-
dovana referenéni stavba s pouzitim upravenych spojek typu FWC i pro pro-
tlaky, kde je zabezpeteno pouZiti i pro vy83i vnitini tlak budovaného fadu.
Dopliikovym typem spojek jsou montéazni spojky. Tyto jsou na vnitini strang
opatfeny profilovanou tésnici félii a k vnéj$imu povrehu trub jsou dotaeny
vnéjdim kovovym plastém pomoci droub.

Vzhledem k technologii vyroby trubek neni tfeba pfi spojovani trubek sledo-
vat na stavbé zmény v doddvané kvalité (zména tlakové nebo tuhostni t¥idé
na trase), nebot v8echny trouby maji pfesny kalibrovany vnéjsi povrch (nebo
Upravu koncl trub u spojek WKH, popf. upravenych spojek FWC pro protlak).

3. ZPUSOB NAPOJOVANI TVAROVEK A ARMATUR

Napojovani tvarovek (vyrobenych z trub laminaci do tvaru podle projektu) je
shodné jako u trub, tj. pomoci spojek DC, FWC popf. DCL. Pro profil DN 150

Obr. 1: Ulozeni trub do manipulaéni chodby a postup pfi montazi

exotic. It concerns a composite material such as e.g. reinforced concrete,
and, analogously as at reinforced concrete, raw materials are compacted by
vibration, pressing, vacuum dewatering and centrifuging, to secure
required (long-term) properties, even at processing glassfibre reinforced
polyesters, the centrifugal power secures the maximum compacting at pro-
cessing raw materials and in this way a coherence of all applied raw mate-
rials and impermeability of walls.

CENTRIFUGALLY CAST GLASSFIBRE REINFORCED
PLASTIC FOR WATER-WORKS CONSTRUCTION

1. PRODUCTION TECHNOLOGY AND PRODUCTION PROGRAMME

Tube systems made of said type of material which is used abroad for about
40 years, represents a new generation of tube materials for water-supply
systems, sewerage systems and even other industrial systems for trans-
porting liquids of any kind. It concerns glassfibre reinforced plastic tubes
produced by means of a centrifugal casting in hollow moulds.

Moulds are rotating during the production at a simultaneous automatic dos-
ing of material {unsaturated polyester resin, glass fibre, quartz sand and fur-
ther admixtures according to requirements) in the prescribed proportions.
This technology removes all air and gas voids and capillaries which come
into material during resin homogenization and during dosing of individual
layers. A “degassing” of the tube wall, together with a perfect compacting,
secures a long-term strength and impermeability of tubes, and, together
with an application of non-corrosive materials, forms reliable tube systems
for sewerage and water-supply.

Tubes are usually manufactured from DN 150 up to DN 2400, in the max.
length of 6 metres for arbitrary working overpressure of PN 1 up to PN 25.
The rigidity is usually in standardized classes SN 2500, SN 5000 and SN
10000. The rigidity choice is designed with respect to loading effects, with
calculation values related to service life of 50 years, and, in case of need,
the rigidity may be designed even outside standardized classes. A part of
a production programme is represented by a wide spectrum of fittings
manufactured in sizes and shapes according to requirements. Size series
of tubes of DN 150 up to DN 500 allows to combine tubes with fittings
made of cast iron, because the size series is fully compatible with this
material (cast iron sockets of the type TYTON). For other profiles there are
delivered fittings made of glass laminated material or of stainless steel
according to designed requirements and production possibilities.

2. TYPES OF JOINTS

The basic version for sewerage systems and water-supply ones are rep-
resented by couplings provided inside with a sealing material. Sealing
material for sewerage and water supplies is made only of synthetic rub-
ber on the base of ethyleneprophylene (EPDM), which has been
approved for a contact with drinking water all over the world, and it has
the needed service life. Said kind of rubber is used in fact by all manu-
facturers of tube and pipes with a sealing in spigot and socket joints.
There exist two types of couplings, viz. centrifuged ones (up to DN 500)
only with sealing rings (indicated as DC) or wound ones with an inter-
nal protective profiled foil (from DN 150 up to DN 2400 indicated FWC).
Both types of couplings are equivalent and their choice depends upon
the technological equipment of manufacturing plants in the world. The
coupling is slid onto one end of the tube and so it forms a socket of the
tube. Then, on the construction site, the other smooth end is slid into
said socket without any requirements for gluing the joints or for making
any adaptations. In fact it concerns spigot and socket joints. HOBAS fit-
tings are joined in the same way.

A special type of joints is represented by couplings of the DCL type. In
fact, it concerns a coupling of the DC type, which is, more over, provided
on the internal side with a groove. Ends of tubes are also provided with a
groove, so that after having joined the tubes together, a tongue made of
an elastic but strong material (silon, teflon) is slid in, so that a firm joint is
made which is able to transfer axial tractive forces. This joint is used only
in exceptional cases and its application must be always consulted with the
manufacturer.

Another special type of joints is represented by couplings of WKH type. In
fact it concerns a coupling, the external curface of which corresponds with
the external diameter of tubes being joined. Ends of tubes are adapted for
mutual joining with respect to the type of the applied sealing. Said joint is
used mostly for controlled pipe jacking. If there is not enough place, they

Fig. 1: Laying down of tubes into a service corridor and advance durring the assembly ~ are used even for relining of reconstructed pressureless tubing. Starting the
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az DN 500 Ize vyuzit hrdlovych tvarovek litinovych (vidy pouze s typem hrdla
TYTON nebo je nutné jiny typ hrdla konzultovat). V sortimentu sklolaminato-
vych tvarovek jsou i pfirubova zakonceni pfevainé s pfevlecnou tocivou pfi-
rubou v pfimé trase i na odbockach. V pfipadé sloZitosti tvaru popf. vysokych
provoznich tlakii (nad PN 10) byvaji tvarovky vyrobeny z nerezové oceli
a jejich konce obrobeny na profil sklolaminatovych trub. Spojeni je pak
mozné sklolaminatovou spojkou nebo montazni spojkou. Nedoporuéuje se
pouZivat na trouby samostatné samosvorné pfiruby. Pfirubové armatury jsou
napojeny pomoci litinovych {do DN 500) pfirubovych tvarovek, sklolaminéto-
vych nebo nerezovych pfirubovych tvarovek.

4. PRAVIDLA PRO NAVRHOVANI

Technologie vyroby umozniuje odstupriovat tlakové i tuhostni tfidy podle
pfedpokladanych hydraulickych a statickych vlivli. Pro navrhovani kapacity
a tim i profilu potrubi [ze volit souginitel drsnosti odpovidajici hodnotam pro
sklenénd potrubi. Pro statiku na vnéjsi zatizeni existuje metodika vypoctd
(Smérnice ATV A-127), kterd je obecna i pro dalsi trubni materialy pouzivané
pro vodovady (napt. litina, ocel, PVC a HDPE). Pfi posuzovani tlakovych razt
se materidlem §ifi pomaleji a je utlumovana samostatnym trubnim materia-
lem a i pruznym tésnénim spojek. Zabudovani tésnéni do konstrukce spojek
garantuje tésnost i pfi podtlacich, garance jsou zavislé na projektovanych
hodnotach. Tvarovky (sklolaminat nebo nerez) Ize navrhovat podle potieh
projektu a projektant neni omezen vyrobnim sortimentem. Neni tieba posu-
zovat korozni vlivy na agresivitu pady nebo jinych souvisejicich vlivi. Vyroba
se vidy pfizpGsobuje projektovanym parametrtim tak, aby pfi dostateéné bez-
pecnosti nebyla dodavka zbytecné piedimenzovana. Je doporuéeno vstoupit
do pfimého jednani s vyrobcem a dodavatelem. Trasy Ize navrhovat jako nad-
zemni, podzemni nebo v kolektorech. Pro tlakové fady je tieba vidy zvazovat
vlivy vyplyvajici z hrdlového spojeni trub a tvarovek.

5. POZADAVKY NA DOPLNKOVE KONSTRUKCE

Doplikovymi konstrukcemi jsou prevazné kotevni bloky a opéry, které se
navrhuji shodné s ostatnimi trubnimi fady z hrdlovych trub. Neni tfeba
navrhovat zddna dodatecné protikorozni opatieni. Pro nadzemni trasy nebo
podzemni trasy tlakovych fadl je nutné navrhovat opéry. Umisténi a veli-
kost opér zavisi na velikosti profilu a tlakové i tuhostni tfidé. Vzhledem
k nekovovému charakteru potrubi byva pro potfebu provozovateli nad
potrubi umistovana vystraina fdlie doplnéné kovovou paskou.

6. POZADAVKY NA MANIPULACI

Trouby jsou dodavany v balicich na dievénych podkladcich. Neni dovoleno
skladat baliky podvazanim jedné z trub, haliky se skladaji z aut nebo vagé-
nl jako celek a to bud vysokozdviznym vozikem potiebné nosnosti nebo
jefabem. Manipulace je s ohledem na nizkou hmotnost jednoducha a lze ji
piirovnat k manipulaci s PVC u profild do DN 400. Skladkovani trub vyzadu-
je pouze rovnou a pevnou plochu bez jakékoliv ochrany proti klimatickym
vlivim. Samostatné trouby a tvarovky lze prenaset rucné (podle cetkové
hmotnosti 1 kusu) nebo vhodnymi zvedacimi mechanismy. Pro transport
samostatnych trub je doporuéeno pouZivat textilni popruhy (zvy$eni treni
a tim i zvySeni bezpeénosti prace) umisténé v tézisti pro snadnéjsi vyvazo-
vani trub. Je zakazano zvedat trouby nebo tvarovky pomoci hék( zahéknu-
tych do vnitfniho povrchu. Je doporuéeno sezndmit se s montaznimi pod-
minkami na konkrétni pravé probihajici stavbé.

1T R

Obr. 2 PoloZené vedeni s vybetonovanou prisakovou vrstvou
Fig. 2: Laid down line with a drainage layer

year 1998, there exist reference constructions with application of adapted
couplings of the FWC type even for pipe jacking methods, if there is secured
an application even for a higher internal pressure of the respective tubing.
An additional type of couplings is represented by field couplings . Said
Joints are provided on the internal side with a profiled sealing foil, and they
are tightened to the external surface of tubes by means of an external metal
jacket with bolts. With respect to the production technology of tubes, it is
not necessary, when joining tubes, to watch on the construction changes in
delivered quality (a change of a pressure class or rigidity one on the line),
because all tubes have a precise, calibrated external surface (or adaptation
of tube ends at WKH couplings, eventually adapted FWC couplings for pipe
jacking).

3. METHOD FOR JOINING FITTINGS AND VALVES

Joining of fittings (produced from tubes by cast into the shape according to
the design) is identical as of tubes, i.e. by means of DC couplings, FWC resp.
DCL ones. For DN 150 up to DN 500 there may be utilized cast iron fittings
{always only with the socket TYTON, or it is necessary to consult another
socket type). In the assortment of glassfibre reinforced plastic fittings there
are included even flange endings mostly with a slip-on turnable flange in
the direct line and even in branch lines. In case that the shape is complicat-
ed, or if there exists high operational pressure (over PN 10), the fittings are
usually manufactured of stainless steel and their ends are machined to the
profile dimension of glass laminated tubes. The joining is then possible by
means of a glassfibre reinforced plastic coupling or a field coupling. It is not
recommended to use self-locking flanges for tubes. Flange fittings are
joined by means of cast iron (up to DN 500) flange fittings, glassfibre rein-
forced plastic or stainless flange fittings.

4. RULES FOR DESIGNING

The production technology makes it possible to differ pressure classes
and rigidity ones with respect to expected hydraulic or static influ-
ences. For designing capacity, and in this way even the tube profile, it
is possible to choose a rigidity coefficient corresponding with values
for glass piping. As to statics for external loading there exist a calcula-
tion method (Instruction of ATV A-127) which is general even for fur-
ther tube materials applied for water-supplies (e.g. cast iron, steel PVC
and HDPE). When evaluating pressure shocks, values are more conve-
nient than if it concerns “hard” metal piping, because the shock wave
is spread in the material slower and it is damped by the tube material
and also by the flexible sealing of couplings. A building in of sealing
into couplings guarantees a tightness even at underpressure. The guar-
antees depend upon designed values. Fittings (glassfibre reinforced
plastic or stainless steel) may be designed according to needs of the
project and the designer is not limited by any production assortment.
It is not necessary to evaluate corrosion effects as to the aggressivity
of soil or any other corresponding effects. Production is always adapt-
ed to designed parameters so that, at a sufficient safety, the delivery
may be not overdimensioned uselessly. It is recommended to start
direct negotiations with the manufacturer and contractor. Lines may
be designed as overground or underground ones, or in collectors. For
pressure lines, it is necessary always to take into consideration effects
resulting from spigot and socket joining of tubes and fittings.

5. REQUIREMENTS FOR ADDITIONAL STRUCTURES.

Additional structures are mostly represented by anchor blocks and supports
which are designed identically with other tube lines made of socket tubes.
It is not necessary to design any additional anticorrosion measures. For
overground or underground pressure lines, it is necessary to design sup-
ports. Any location and size of supports depends upon the profile size and
upon the pressure class and rigidity one. With respect to the non-metal
character of the piping, there used to be situated a warning foil completed
with a metal band over the piping and for the need of operators.

6. HANDLING REQUIREMENTS

Tubes are delivered in packages on wooden stay sills. It is not allowed for
packages to be unloaded by placing slings under a single tube. Packages
are to be unloaded from lorries or wagons as a unit, i.e. either by means of
a lifting truck of the needed carrying-power or by means of a crane. Any
handling is easy and simple with respect to a low weight, and one may com-
pare it to a handling with PVC as to profiles up to DN 400. Storing of tubes

‘n————




« 9. ROCNIK, &. 3/2000

Tunel

7. POZADAVKY NA ZEMNI A MONTAZNI PRACE

Pro pokléddku trub je charakteristickd moznost vyuziti bagru (potfebné nos-
nosti na rameni) nejen pfi ukladani trub do vykopu ale i pfi spojovéani poloze-
nych trub. Minimalni potfeba mechanizace pfiznivé ovliviiuje poZadavky na
$ifku pracovniho pruhu. Zemni a montazni prace Ize pfirovnat k pokladce PVC
{obdobna hmotnost), pfi obsypech lze vyuzit hrub$i material. Max. velikost
zrna obsypti by neméla byt vétsi nez je tloustka stény ukladdané trouby. Jako
dostateéné byva povazovano zhutnéni obsypl v z6né trouby na hodnotach 90
% die Proctora. Technologie provadéni obsypl a zdsypl ma vliv na staticky
ndvrh tuhosti trub a byva proto konzultovdn pfi zpracovavani navrhu.
Vyrobce doporuéuje s ohledem na vyznamnost vodovodnich fadd a mnohdy
nepiedvidatelné postupy na stavbé volit tuhost SN 10000 (odpovidé piiblizné
béznym ocelovym trubkam). Pro urychleni postupu vystavby je doporu€ova-
no trasu zasypavat i pfed tlakovou zkouskou (norma DIN na rozdil od stéavaji-
¢i CSN nepfedepisuje striktné volnd hrdla pfi tlakové zkousce) z divodu
dostateéné stability ulozené trasy i z divodu snizeni negativnich vlivli na
pozemky vlivem liniové vystavby. Pro podzemni stavby je neopomenutelnou
vlastnosti nizka hoflavost relativné (oproti béznym plastlim) vysokym bodem
vzplanuti a v piipadé vzniku pozaru minimum $kodlivych zplodin hofeni {pfi
nedostaku vzduchu v8ak vznika kysliénik uhelnaty jako pfi kazdém hofeni
s nedostatkem kysliku). Zkouska hoflavosti, vzniku ohné a sloZeni zplodin
hofeni byla provedena podie CSN 73 0852, CSN 64 0149 a jeho poutit v pod-
zemi odpovidéa pozadavku § 185 Vyhlasky CBU &. 22/89 Sh.

8. POZADAVKY NA TLAKOVE ZKOUSKY

Pro tlakové zkousky plati pravidla shodna pro fady z hrdlovych trub a to
zejména odpovidajici op&rné konstrukce pro tvarovky na zkoudeném dseku
a opérné konstrukce pro uzaviraci ¢ela. Trubni systémy dodévané v tlako-
vych tfidach pro provozni tlaky majf ve své kvalité dodavky vidy rezervu pro
1,5-nasobek zkusebniho tlaku. Pfi zkouseni Ize zkousky provadét na zasypa-
né trase (tj. bez odkrytych spojli) podle pozadavk( DIN 4279 i na uloZené
trase s odkrytymi spoji podle CSN 75 5911.

9. LEGISLATIVNI PRAVIDLA A PRIKLADY STAVEB V CR

Potrubi spliiuje poZadavky na legislativu pfislu§ného statu v misté poutZiti. Pro
pouziti trubnich materialti na vodovody i kanalizace plati v CR zakon &. 22/1997
Sb. spolu se souvisejicimi nafizenimi vlddy k vyjmenovanym stavebnim

Obr. 3 Pohled na polozené prisakové vedeni
Fig. 3: View onto an installed drainage

requires only a flat and firm surface without any protection against weath-
er influences. Individual tubes and fittings may be transported manually
(with respect to the total weight of 1 piece)) or by means of suitable lifting
mechanisms. For transporting individual tubes, it is recommended to apply
textile straps (increased friction and in this way even increased safety of
work) situated in the point of balance for an easier balancing of tubes. It is
forbidden to lift tubes or shaped pieces by means of hooks hooked on the
internal surface. It is recommended to get acquainted with assembly condi-
tions concerning the particular construction and the construction being
realized.

7. REQUIREMENTS FOR GROUND WORKS AND ASSEMBLY ONES

For lowering tubes, it is characteristic a possibility to utilize an excava-
tor (of a needed carrying-power on an arm) not only when lowering
tubes into the trench, but even when joining the laid down tubes. The
minimum need of mechanization affects favourably requirements for
the width of the right of way. Ground works and assembly ones may be
compared to laying down of PVC (analogous weight). If it concerns a
backfilling, a more coarse material may be used. Max. grain size of
backfill should not be larger than the wall thickness of the laid down
tube. As sufficient, there is considered a degree of compaction value of
90 % , according to Proctor, of backfill in the tube zone. The technology
of backfilling affects the static design of the tube rigidity and that is why
it is usually consulted when elaborating the design. The manufacturer
recommends, with respect to the importance of water-supply lines and
many times unforseenable processes on the site, to choose the rigidi-
ty of SN 10000 (it corresponds approximately with usual steel pipes).
To accelerate the construction advance, it is recommended to perform
the backfilling of the line even before the pressure test (the standard
DIN unlike to the existing Czech standard does not strictly lay down free
sockets at a pressure test) due to a sufficient stability of the laid down
line and even due to decreasing negative effects on the land along of
the line construction. For underground structures, there is necessary a
low inflammability and relatively (with respect to usual plastic materi-
als) high inflammation point, and, in case of a fire rise, minimum harm-
ful products of burning (in case of a lack of air, though, carbon monox-
ide arises at any burning with a lack of oxygen) which represent an
unneglectable property. The inflammability test, the test of a fire rise
and composition of burning products were performed according to
CSN 73 0852, CSN 64 0149 and their application in the underground
corresponds with the requirement of Section 185 of the Directive of the
Czech Mining Office No. 22/89 Coll.

8. REQUIREMENTS FOR PRESSURE TESTS

As to pressure tests there are valid rules identical for lines made of sock-
et tubes, viz. particularly respective supporting structures for fittings in
the section being tested, and supporting structures for end caps. Tube
systems delivered in pressure classes for operational pressure have in
their delivery quality always a reserve of 1.5 multiple of the test pres-
sure. During testing, tests may be performed on a backfilled line (i.e.
without uncovered joints) in compliance with requirements of DIN 4279,
and also on the lowered line with uncovered joints according to CSN 75
5911.

9. LEGISLATIVE RULES AND EXAMPLES OF CONSTRUCTIONS
IN THE CZECH REPUBLIC

The piping complies with requirements for legislative of the respective state
on the place of application. For applying tube materials concerning water-
supply lines and sewerage, there is valid in the Czech Republic the Act No.
22/1997 Coll. together with corresponding Decrees of the government to
specified building products which can endanger health and safety of per-
sons. Tube materials are subject to the obligatory certification, and the firm
HOBAS CZ received for it, as well as for other production plants of HOBAS
in Europe, the respective certificates. An approving standpoint for apply-
ing tube lines for water-supply lines has been also issued by the Main
Hyagienist of the Czech Republic. in the Czech Republic, the tube systems for
underground structures are used mostly for water-supply distribution sys-
tems and sewerage ones in collectors and technical corridors. Another
application resides in outfit of driven galleries with staticly weight-carry-
ing and staticly non-weight-carrying tubes. All is aimed to provide the
structure with a chemically and mechanically resistant tube material against
a chemical aggressivity and against affects of stray currents. One of the
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vyrobkam, které mohou ohrozit zdravi a bezpetnost osob. Trubni materialy
podléhaji povinné certifikaci a firma HOBAS CZ ma pro sebe i ostatni vyrobni
zavody HOBAS v Evropé vydany pfisluéné certifikaty. Pro pouzitf trubnich fad{
pro vodovody je vydano souhlasné stanovisko hl. hygienika CR.

V ramci CR se trubni systémy pro podzemni stavby nejéastéji pouZivaji pro
vodovodni a kanalizaéni rozvody v kolektorech a technickych chodbéch.
Dal3i aplikaci je vystrojeni razenych §tol staticky nosnymi i staticky nenos-
nymi troubami. Divodem je zaji§téni stavby chemicky i mechanicky odol-
nym trubnim materidlem proti chemické agresivité a proti uinkdm blud-
nych proud@. Jednim z pfikladl je pouZiti trub pii vystavbé kanalizaéniho
shérabe v Praze (popis stavby byl zvefejnén v &isle 3/99 tohoto Casopisu).
Dal$im pfipadem je renovace stavajicich stok i vodovodi metodou relining,
tj. vkladani novych trub do havarovanych useki. Jako referenci Ize jmeno-
vat opravu vodovodniho Fadu Prazskych vodaren v arealu vodojemu v Praze
- Pankréci, kde byly touto metodou pouZity trouby HOBAS DN 900 v roce
1992, Neopominutelnym pfikladem je pouZiti trub HOBAS pro protlaky. V CR
dosud realizovan jedinny protlak profilu DE = 752 mm, DI = 600 mm na
Useku kanalizaéni stoky Z v Usti/Labem.

10. PRIKLADY STAVEB V ZAHRANICI

Nejéastéjsim pfikladem je pouziti trub HOBAS pfi renovaci stavajicich
usek metodou relining. SniZeni profilu je vyvéaZeno vynikajicimi hydrau-
lickymi vlastnostmi materialu a vétdinou nedochézi k podstatnému snize-
ni kapacity fadu. Dal$i hojné pouZivanou metodou je provadéni mikrotu-
nelingu a protlak( pfimo s troubami HOBAS. Jen v Némecku, Rakousku,
Polsku a Spojenych statech je evidovano jiz vice nez 50 km fadd provede-
nych fizenym protlakem s vynikajicimi vysledky. Snadnost manipulace,
rychlost montaze a spolehlivost fadu jako celku naslo uplatnéni i pfi
vystavbé silniénich tunell a potrubi HOBAS bylo pouZito pfi vystavbé
tunelu Karawanken (mezi Slovinskem a Rakouskem) a na fadé tunell ve
Svycarsku. Na pfilozenych obrazcich je pfiklad uloZeni trubni trasy do
manipulagni chodby mezi dvéma tubusy tunelu pro silniéni vozidla a pfi-
klad drenaZe na dné tubusu. Na stavbach tunelli jen ve Svycarsku eviduje
spoletnost HOBAS poufiti svych trub v celkové délce cca 51,5 km v profi-
lech od DN 250 do DN 2000. Jinym pfipadem je pouziti trub do shybek pod
vodnimi toky (napf. pouziti 2 x DN 1400 pro tlakovou kanalizaci do pod-
chodu Dunaje ve Vidni nebo DN 500 a DN 600 pro vodovod do podchodu
Véhu u Hlohovce).

Ve vdech pfipadech je spole¢nost HOBAS CZ (spolu se svym technickym
a technologickym zédzemim v zahraniéi) pfipravena technicky i cenové pfi-
pravovat podklady k nejvhodnéjéi volbé technického i ekonomického feseni
stavby jako celku.

Obr. 5 Detail zabudované revizni $achty
Fig. 5: Detail of a built-in inspection shaft

exa_mpies is represented by the tube application at a construction of the
main sewerage line in Prague (the construction description was made pub-
lic in No. 3/99 of this journal). Another case is represented by the recon-
struction of existing sewers and water-supply lines by means of the relining
method, i.e. inserting of new tubes into crashed sections, As a reference
there can be named the repair of the water-supply line of Prague Water in
the area of the reservoir in Prague-Pankréc, where, when using this
method, tubes HOBAS of DN 900 were applied in the year 1992, An impor-
tant example is represented by the application of tubes HOBAS for pipe
jacking. Only one case of jacking of a profile DE = 752 mm, DI = 600 mm was
realized in the Czech Republic, viz. in the section of the sewer Z in Usti nad
Labem.

10. EXAMPLES OF CONSTRUCTIONS ABROAD.

As the most frequent example there may serve the application of HOBAS
tubes for renewing existing sections by means of the relining method. Any
decrease of the profile is balanced by exceptional material hydraulic prop-
erties, and mostly a considerable decrease of the line capacity does not
take place. Another frequently applied method is microtunnelling and
pipe jacking directly with tubes HOBAS. Only in Germany, Austria, Poland
and the U.S.A. there exist already more than 50 km of lines performed by
means of a controlled pipe jacking, viz. with excellent results. Easy han-
dling, quick installation and reliability of the line as a whole found its
place even at constructing road tunnels, and tubes HOBAS were applied
for the construction of the tunnel Karawanken (between Slovenia and
Austria) as well for many other tunnels in Switzerland. On annexed fig-
ures, there is shown an example of seating of a tube line into a handling
corridor between two tunnel tubes for road vehicles (Fig. 1), and an exam-
ple of a drainage in the bottom of the tunnel tube (Figs. 2 to 5). At con-
structions of tunnels only in Switzerland, the company HOBAS registered
the application of its tubes in the total length of about 51.5 km in profiles
from DN 250 up to DN 2000. As another example, there may serve a tube
application in inverted syphons under water courses (e.g. the application
of two DN 1400 for a pressure sewerage in the underpass of the Danube
in Vienna, or of DN 500 and DN 600 for the water-supply in the underpass
of the river Vah near Hlohovec.)

The company HOBAS CZ (together with its technical and technological
background abroad) is ready, in all cases, to prepare documents, from the
technical point of view and price one, for the optimum choice of a technical
and economic solution of a construction as a whole.

Obr. 4 Detail drenédzni vrstvy
Fig. 4: Detail of a drainage layer
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ZE SVETA PODZEMNICH STAVEB

WORLD OF UNDEGROUND CONSTRUCTIONS

LYZARSKE TUNELY VE FRANCOUZSKYCH ALPACH

SKI TUNNELS IN FRENCH ALPS

ING. RICHARD SNUPAREK, CSc.

Velké mnozstvi ¢eskych milovnikl lyzovani navétévuje kazdoro¢né znama
alpska lyzafské strediska. V nékterych z nich ma moznost vyuzivat podzem-
nich dopravnich cest, které predstavuji specificky typ podzemnich staveb -
v podstaté tunell s vyhradné rekreacni funkci.

Existuji i kratké tunely s navezenym snéhem, které slouzi sjizdéjicim
lyzatm napf. pfi pfekonavani skalnatych Zeber, jedné se véak o marginal-
ni maloprimérové stavby. Naprostd vétdina lyZafskych tunell slouzi
dopravé vefejnosti na zacatek sjezdovek stejné jako lyzaiské lanovky
a vleky. Ve srovnani s témito béznymi lyzafskymi dopravnimi prostfedky se
tunely vyznaéuji vyssim komfortem, rychlosti a spolehlivosti, zejména vzh-
ledem k naroénym klimatickym podminkam zimnich velehor. Jejich pred-
nosti je i podstatné mensi naruseni pfirodniho prostiedi To je ovSem na
druhé strané zaplaceno daleko vy$$imi pofizovacimi naklady a proto se
vystavba lyZafskych tunellt realizuje pouze ve velkych velehorskych
lyzafskych stfediscich s dlouhou sezénou a pocetnou klientelou.

Jako jednu z prvnich velkych tunelovych staveb s rekreacéni funkei lze uvést
Svycarskou Zeleznitni drahu na Jungfraujoch, jejiz stavha zacala jesté
v minulém stoleti (oteviena 1912). Jeji nejvyssi Cast, predstavujici spirélové
vedeny tunel v masivu Eigeru a Jungfrau sice neslouZi lyzafam nybrz tur-
istdm, princip vsak je stejny.

Moderni lyzafské tunely se vyznacuji tim, Ze jejich celé fe$eni od volby
trasy az po zpravidla unikatni, na miru 8ité vybaveni je podiizeno poZa-
davku vysoce kapacitni rychlé dopravy lyZzovani chtivych cestujicich,
Dobrym prikladem takového feSeni a soudasné i dikazem pokroku

SW Bellevarde

tmc

.’ Morény
/ Moraines .
Stfedni trias -
( dolomity a vépence ) : P
Middle Triassic - m ¢
( dolomites and limestone ) . Spodnl trias

Svrchni jura ( mramory a brekcie ) ate Triassic

Upper Jurassic ( marbles and breccias )

Obr. 1: Profil tunelu Funival
Fig. 1: Funival tunnel profile

A large number of ski-loving Czechs annually visit famous ski resorts in the
Alps. In some of those, they have a possibility to use underground trans-
portation routes, which represent a specific type of underground works -
basically tunnels with purely recreational function.

There are also short tunnels with the floor covered with snow, which serve
to downhill skiers for example in crossing rocky ribs, but these are only
marginal structures with small cross sections. Absolute majority of the ski
tunnels serves, as well as ski lifts and chairlifts, for public transportation to
the beginning of ski paths. In comparison with these common ski trans-
portation ways, tunnels distinguish themselves with higher comfort, speed
and reliability, especially with regards to severe climate conditions of win-
ter mountains. Significantly smaller impact on the environment belongs to
their advantages. On the other hand, however, it is compensated by signif-
icantly higher construction costs and therefore construction of such tunnels
is only being realized in major mountain ski resorts with a long season and
numerous customers.

As one of the first large tunnel constructions with only recreational function
we can mention the Swiss railroad track to Jungfrau, whose construction
was commenced already in the last century (opened in 1312). Its highest
section, represented by a spiral-alignment tunnel in Eiger and Jungfrau
massif, however, serves to tourists instead of skiers, but otherwise the prin-
ciple is same.

The modern ski tunnels distinguish themselves with the fact, that their
entire solution from path selection to commonly unique, tailor-made equip-
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v technologii vystavby v poslednich cca 15 letech jsou 2 lyzaiské tunely
v oblasti lyzafského areadlu I'Espace Killy u Val d’'lsere v Savojskych
Alpéch. Starsi z nich Funival byl postaven v letech 1985 - 1987 pro zimni
olympijské hry v Albertville, novéj$i Funiculaire de la Grande Motte byl
otevien v roce 1993.

Funival spojuje vesni¢ku la Daille na okraji Val d'lsere v nadmoiské vysce
1798 m s vrcholovou oblasti Rocher de Bellevarde s vyskou horni stanice
2688 m. Celkové délka tunelu &ini 1720 m, dal8ich 580m traté ve spodni ¢asti
je umisténo na viaduktu. Geologicky profil tunelu je uveden na obrazku. Je
zfejmé, Ze rozhodujici ¢ast trasy tunelu je tvofena dolomitickymi a vapen-
covymi triasovymi horninami.

Vlastni razba tunelové roury byla provadéna dovrchné pomoci TBM (Wirth)
s pramérem vrtaci hlavy 4,2 m, Pfiznivé geotechnické podminky umoinily
razbu bez provizorni vyztuze a vedly k dosaZeni rekordniho postupu 557
m/mésic se Spitkovym vykonem az 41,5 m/24 hod. Ve stiedni ¢asti byla
vybudovéna s pouZitim trhaci prace komora pro mijeni souprav v eliptickém
prifezu s rozméry 6,8 x 4,9 m.

Dopravni zafizeni ptedstavuje dvojice dlouhych vagon(, ulozenych na kole-
jovém podvozku, které se pohybuji protismérné a jsou tazeny lanem. Kazdy
vagon pojme 272 cestujicich a pohybuje se rychlosti 12 m/s. To znamena, ze
celou 2300 m dlouhou trasu urazi za 4,5 minuty a zarucuje tak prepravni
kapacitu 3000 cestujicich za hodinu.

Novéjsi lyzafsky tunel Funiculaire de la Grande Motte spojuje oblast
Val Claret, coz je ¢ast znamého stiediska Tignes, s ledovcovou oblasti ve
vrcholové €asti masivu Grande Motte. Spodni stanice je ve vysi
2100 m n.m., zatimco vrchni stanice se nachazi na okraji ledovce ve vy$§i
3032 m. V celkové délce tunelu 3484 m je dosaZeno pfevyseni 932 m.
Geologicky profil tunelu je patrny z obréazku. | kdyZ se jednd o stratigraficky
i petrograficky podobné horniny jako v pfedchozim pfipadé, podminky vys-
tavby tunelu byly vyrazné odlisné. Zasadni rozdil spodiva v existenci ledovce
s dnesni rozlohou 440 ha, pod nimz byla raZena cca tietina détky tunelu.
Pronikani vod z ledovcového reservoéru po trhlinach a poruchéach hluboko
do masivu a intenzivni rozpousténi vapencovych hornin ledovcovymi voda-
mi  vytvofilo rozsadhlé krasové oblasti se silnym zvodnénim, zejména
v jurskych mramorech a vapencich. To pfinaselo zna¢né problémy pfi razbé
a vyzadalo si i naroény systém drenézi a odvodiiovani vlastniho tunelu.

Obr. 2: Situace tunelu

Funiculaire La Grande Motte

Fig. 2: Situation of the

Funiculaire La Grande Motte Tunnel

ment is subject to the requirement of fast and capacity transportation of ski-
desiring passengers. Two ski tunnels within the area of ski resort I'Espace
Killy near Val d'Isere in Savoi Alps are a good example of such solution
while also an evidence of development in construction techniques through
the last app. 15 years. The older one, Funival, was built in 1985-1987 for the
Winter Olympic games in Albertville. The newer one, Funiculaire de la
Grande Motte, was opened in 1993.

The Funival connects the village of la Daille at the edge of Val d'Isere in the
altitude of 1798 m with the top area of Rocher de Bellevarde at an altitude
of 2688 m. The entire tunnel length measures 1720 m, another 580 m in the
lower section is placed on a viaduct. Geological profile of the tunnel is
depicted in the figure. It is obvious, that the deciding tunnel section is
formed by dolomite and limestone Triassic rocks.

The excavation of the tunnel tube itself was performed upwards using the TBM
(Wirth), with the cutterhead diameter of 4,2 m. Favorable geotechnical condi-
tions enabled the excavation without temporary support and led to achieve-
ment of a record advance of 557 m/month with a record output of 41,5 m/24 h.
In the middle section, a passing chamber with an elliptic cross section and
dimensions of 6,8 x 4.9 m was constructed, using drill and blast technique.
The train consists of two long bodies, installed on rail carriers, which move
in counter directions and are dragged by a rope. Each wagon can take up to
272 passengers and moves with a speed of 12 m/s. That means, that it cov-
ers the total distance of 2300 m in 4,5 min. And thus guarantees a capacity
of 3000 passengers per hour.

The newer ski tunnel Funiculaire de la Grande Motte connects the area of
Val Claret, which is a part of the famous ski resort Tignes, with glacier area
in the top section of the Grande Motte massif. The lower station lies at an
altitude of 2100 m above sea level, while the upper station lies by the edge
of the glacier at an altitude of 3032 m. For the total tunnel length of 3484 m,
the altitude difference reaches 932 m.

Geological profile of the tunnel is apparent from the figure. Although there are
stratigraphically as well as petrographically similar rocks as in the previous
case, conditions of the tunnel constructions were significantly unlike. The basic
difference lies in the existence of a glacier with today’s area of 440 Ha, beneath
which app. one third of the tunnel length was driven. Water penetration from
the glacier reservoir through fissures and faults deeply into the massif and
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Obr. 3: Profil tunelu La Grande Motte
Fig. 3: La Grande Motte tunnel profile

Obr. 4: Konstrukce soupravy La Grande Motte
Fig. 4: La Grande Motte train's design

Tunel byl opét razen pomoci tunelovaciho stroje Wirth s primérem vriné
hlavy 4,3 m. Po vybudovani Uvodni ¢asti a montazni komory v celkové
délce 102 m klasickou metodou s trhaci praci byla dalsi ¢ast tunelu
vyrazena strojné s primérnym postupem 12 m/den se $pi¢kovym vykonem
35 m/24 hod. Pii razbé bylo pouzito provizorni vyztuie sestavajici ze
svornikd a stiikaného betonu, v kritickych tektonicky porusenych usecich
i ocelové podpérné vyztuze a litého betonu. Pfesto doslo v pribéhu stav-
by k zévalu v rozsahu cca 350 m® hornin, ktery zplisobil zastaveni razby na
jeden mésic. PFi likvidaci tohoto zavalu byly vybudovany v postiZené
oblasti dvé bocni opérné betonové zdi. Ve stiedni éasti tunelu v délce 200
m byla opét pomoci trhaci prace vyrazena komora pro mijeni souprav
o $ifce 18 m, dalsi prostory byly vyrazeny v oblasti spodni a horni nastupni
stanice, kde bylo rovnéz pouzito monolitické betonové vyztuze v celkovém
objemu cca 1500 m?® betonu.

Na rozdil od tunelu Funival, kde pfepravni soupravy pfipominaji svym pri-
fezem klasicky obdélinikovy vagon, v tomto piipadé soupravy kruhového
prifezu vyuzivaji celého tunelového prifezu (primér pfepravni soupravy je
3,65 m) a to umoznilo zkratit délku soupravy na 31,6 m pfi maximalnim
poctu 334 cestujicich. Konstrukce vagond {sklon podlahy) pocita s Uklonem
trasy a proto maji tyto tunely po celé délce stejné stoupani. Rychlost sou-
pravy &ini 12m/s, coz predstavuje dobu pfepravy 6 min. a zaji$tuje dosazeni
maximalni hodinové kapacity 3000 lyzafd.

Systém pohonu a zavéseni protismérné se pohybujicich souprav je stejny
jako v pfipadé Funivalu. Vysoka bezpecnost provozu je zajisténa nékolika
nezavislymi bezpeénostnimi systémy (automaticky pilot, dva automatické
bezpeénostni systémy, kabelovy bezpetnostni okruh).

Oba tunely jiz fadu sezon slouZi lyzafské vefejnosti a zejména tunel pod
Grande Motte se stal patefi celého lyzaiského stiediska Tignes.

Autor prispévku dékuje pp. O. Divay (MONTAVAL Val d'Isere) a B. Genevray
(STGM Tignes) za laskavé poskytnuti technickych podkladd.

Obr. 5: Horni stanice La Grande Motte
Fig. 5: Uper station La Grande Motte

intensive dissolving of limestone rocks by the glacier water created vast karst
areas with a strong saturation, especially in Jurassic marbles and limestones.
That brought severe problems during the excavation and even required a
demanding drainage system and draining of the tunnel itself.
The tunnel was again driven with the Mirth tunnel boring machine, with the
cutterhead diameter of 4,3 m. After construction of the initial section and a
launch chamber in the total length of 102 m using the classical method with
drilling and blasting, the following section was driven mechanically with an
average advance of 12 m/day with a record output of 35 m/24h. During the
excavation, a temporary support made of rock bolts and sprayed concrete was
used; in critical tectonically faulted sections of steel supporting arches and cast
concrete. Still, a cave-in in a range of 350m’ of rock, which caused suspension
of the excavation works for one month, occurred during the construction.
During removal of this cave-in, two supporting concrete walls were built in the
defected area. In the middle section of the tunnel, a passing chamber 200 m
long and 18 m wide was excavated, again using drill and blast. Other spaces
were driven in the areas of lower and upper platform stations, where a mono-
lithic concrete support in the total volume of 1500 m® was used as well.

Unlike the Funival tunnel, where the transportation trains with their cross
section remind of classic quadrangular wagon, in this case the trains of cir-
cular profile use the entire tunnel cross section (the train's diameter is
3,565 m) and that allowed the trains' length to be shortened to 31,6 m with
the maximum amount of 334 passengers. Wagons' design (floor slope)
counts with the track inclination and therefore these tunnels have through-
out their entire length a uniform ascend. The train's speed is 12 m/s, which
makes it a 6-minute travel time and guarantees an achievement of maxi-
mum capacity of 3000 skiers per hour.

The propulsion system and the counter-direction suspension of moving
trains is the same as in the case of Funival. High operational safety is
ensured by several independent safety systems (automatic pilot, two auto-
matic safety systems, safety cable circuit).

Both tunnels have already been serving to the skiing public for number of
seasons, and especially the tunnel beneath Grande Motte has become
a backbone of the entire ski resort Tignes.

Author of the contribution thanks to O.Divay (MONTAVAL Val d'Isere) a B.
Genevray (STGM Tignes) for gentle grant of the technical information sources.
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TECHNICKE ZAJIMAVOSTI

TECHNICAL MATTERS OF INTEREST

SCHEMA NEJCASTEJSICH CLENENiI VYRUBU
PRI RAZENIi TUNELU NRTM

SCHEME OF THE MOST COMMON SEQUENCING
OF TUNNEL EXCAVATION AT THE NATM

RNDr. OTAKAR TESAR, DrSc., GEOTEC GS A.S.

V nasledujicim pfispévku jsem se snazil shrnout a alespof schema-
ticky znazornit rizné typy ¢lenéni vyrubu pfi raZzeni novou rakous-
kou tunelovaci metodou, které byly pouZity na riznych tunelovych
stavbach ve svété. Udelem pfispévku neni detailné popisovat jed-
notliva élenéni vyrubl , ale dat ndmét projektantdm a dodavatellim
stavby pro jejich optimalni navrh raZeni. Ctrnéct zakladnich sche-
mat ¢lenéni vyrubu je mozné pouzit pro rdzné profily

tunelll. Kazdy obrazek je doplnén o lokalitu, kde bylo ¢lenéni vyru-
bu prakticky vyuZito. Pocet Ctrnacti uvedenych schemat jisté neni
koneény, ale v zasadé se bude s malymi obménami opakovat.

In the following contribution, | have tried to summarize and at least
schematically ilustrate various types of sequencing of excavations
by the New Austrian Tunneling Method, which has so far been used
at different tunnel constructions throughout the world.

It is not a purpose of this contribution to precisely describe indi-
vidual sequences, but to give a topic to designers as well as to con-
tractors for their optimum excavation designs. It is possible to use
fourteen basic schemes of the sequencing for various tunnel pro-
files. Each of the figures is supplemeneted with its locality, where
the sequencing was used in action. The number of fourteen intro-
duced schemes is certainly not definite, but it will basically, with
minor variations, reiterate.

e G0 QD

Japonsko - lwate zel. tunel
Brazilie - Aerton Senna tunel

Japan - lwate railroad tunnel
Brazil - Aerton Senna tunnel

Brazilie - Metro
Brazil - Metro

Anglie - Londyn st. rychlodrahy
Ceska rep. Praha - metro Cemy most

England - high.speed raillroad
construction in London ~
Czech Rep. Prague - subway Cerny Most

Spanélsko - daln. Tunel Ef Pardo Mountain
Spain - El Pardo Mountain highway tunnel

Brazilie - Metro
Rakousko - Videriské metro

Brazil - subway
Austria - Vienna subway

S —

Istanbul - Metro
Némecko - Mnichov Metro

Istanbul - subway
Germany - Mtinchen subway

—
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Némecko - Bochum tunel Anglie - Londyn metro Japonsko - Maiko tunel
Némecko - Frankfurt Brazilie - Sao Paolo Anglie - Londyn Metro
Germany - Bochum tunnel England - London subway Japan - Maiko tunnel
Germany - Frankfurt Brazil - Sao Paolo England - London subway

Portugalsko - Gordunha tunel Portugalsko - Carenque tunel Itélie - Barzoli kaverna ltaly - Barzoli cavern
Portugal - Gordunha tunnel Portugal - Carenque tunnel Némecko - Essen Germany - Essen

Némecko - Leonberg, daln. tunel Ceska Rep. - daln. tunel Valik
Némecko - Mnichov Czech Rep. - Valik highway tunnel
Germany - Leonberg highway tunnel

Gemany - Miinchen

Rusko - automobilovy tunel
Russia - road tunnel
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ZIVOTNI JUBILEA

LIFE-JUBILEES

VYZNAMNE ZIVOTNI VYROCI
ING. MILOSLAV NOVOTNY

V letodnim roce se dozil Sedesati let dlouholety clen redakéni rady ¢asopisu
Tunel a &len predsednictva Ceského tunelafského komitétu {TA/AITES Ing.
Miloslav Novotny. Narodil se 5. ¢ervna 1940 v Praze, kde také v prosinci
roku 1962 dokonéil studium na stavebni fakulté CVUT se specializaci na
vodohospodaiské stavby.

V lednu roku 1963 za¢ina svoji profesni drahu u Vodnich staveb, nejdiive ve
funkci stavbyvedouciho na stavbach v Kladné. Odtud v roce 1971 pfechazi
do funkce technického ndméstka nejprve zavodu a posléze divize 05. V této
funkci, ve které pracoval aZ do roku 1998, se podilel na zvy3eni technické
Grovné i rozéifeni sortimentu staveb, které ,nula pétka” realizovala. Slo
o stavby hydrotechnické (VD Kotensko, PVE Stéchovice), primyslové
{pfiprava pro odsifeni elektrarny Mélnik), ekologické a dalsi. Divize 05 se
podilela i na vystavbé praiského metra (Depo Hostivai). Mimofddnou
pozornost vénoval Ing. Miloslav Novotny rozvoji tunelafskych staveb a tech-
nologii pfedevsim pro kanaliza¢ni stoly, ale i pro kolektory &i protlaky. Zde
jsou kofeny jeho angaZovanosti v oblasti podzemnich staveb, které se mu
staly, se v&im c¢o s nimi souvisi, nejen soucésti jeho pracovni népiné, ale
skuteénym profesnim , konickem”.

Redakéni rada i jeho nejbliz8i spolupracovnici ocefuji jeho aktivni pfistup
k pracovnim problémm s jasnym rozliSovanim jadra od balastu. Dal$im
dominujicim rysem jubilanta je zfetelny tah Fesit svéfené uUkoly bez
zhyteénych pratah(, piitom v8ak podle podminek az do stadia potfebnych
detaild.

Jubilant Ing. Novotny ma trvalou zalibu v pozndvéani novych pfirodnich
i historickych mist a oblasti a tak neni divu, Ze procestoval v rdmci moznosti
danych v minulosti, ale i v sou¢asné dobé, skoro celou Evropu i nékteré
zemé dal3ich kontinent(i. Ma zdravy vztah k aktivnimu pohybu, a tak byste
ho mohli potkat na pésim &i cyklistickém vyleté &i pfi lyZovani v horach.

Do dal8ich rokd piejeme Ing. M. Novotnému pevné zdravi, mnoho elanu pro
dosaZeni jeho pland &i osobnich cill a také pohodu v pracovnim i rodinném

Zivots,

Redakéni rada a spolupracovnici z Metrostavu - divize 5

IMPORTANT ANNIVERSARY
ING. MILOSLAV NOVOTNY

In this year, the many years’ member of the Editorial Board of the journal
Tunel and member of the Board of Directors of the Czech Tunnelling
Committee ITA/AITES. Ing. Miloslav Novotny, lived to see his 60th birthday.
He was born on June 5. 1940, in Prague, where he completed, in December
1962, his studies at the Faculty of Civil Engineering of the Czech Technical
University, with the specialization for waterworks.

In January 1963, he started his professional career at the company Vodni Stavby
as a works foreman at constructions at Kladno. In the year 1971 he became a
technical head of the Prague Building Administration 05, and later, the name of
said function was changed to the deputy manager of a plant and then of the
Division 05. In this function he was working till the year 1998 nad he took part in
increasing the technical level and in enlarging the assortment of constructions
which the "05" realized. It concerned hydrotechnical constructions (Waterwork
KoFensko, Pumped Storage Plant Stéchovice), industrial constructions (prepara-
tion for desulphurization of the power plant Méinik), ecological constructions
and other ones. The Division 05 took part even in the construction of the Prague
underground railway {Depot Hostivar). Ing. Miloslav Novotny paid an extraordi-
nary attention to the development of tunnel constructions and technologies,
especially as to sewerage galleries, but also as to collectors and pipe jacking. In
said activities there are roots of his commitment to the sphere of underground
constructions which became, with all what relates to it, not only a part of his pro-
fessional duties, but the real professional hobby.

The Editorial Board and his nearest colleagues appreciate his active access
to working problems with a clear distinguishing of the substance and
ballast. The further dominant feature of the honoured person is an evident
endeavour to solve entrusted tasks without unnecessary delay, but, according
to the case, up to the stage of needed details.

The honoured person, Ing. M. Novotny, is permanently interested in a continu-
ous learning of new natural and historical places and areas, and so it is not sur-
prising that he traveled in the past, according to possibilities of that time, and
even at present, nearly through the whole Europe and through some countries
in other continents. He has a good relation to an active exercise, and so you
could meet him at a hiking tour or cycling trip, or at skiing in mountains.

For further years, we wish Ing. M. Novotny good health, ardour for archiev-
ing his plans or personal aims, and good humour in work and in his family
life.

The Editorial Board and colleagues of Metrostav - Division 5.

—
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ZPRAVODAJSTVI CESKEHO TUNELARSKEHO KOMITETU ITA/AITES

CZECH TUNNELING COMMITTEE REPORTS

) ZAPIS Z V'I-\VLNE'HO SHROMAZDENI
CESKEHO TUNELARSKEHO KOMITETU ITA/AITES

Pfitomni: dle prezenéni listiny, ulozené v sekretariatu CTuK - zastupci
24 ¢lenskych organizaci a 3 individuelni ¢leni, ¢lenové predsednictva CTuK,
zastupci PV konference PSP 2000, predseda RR &asopisu TUNEL, zéstupce
Slovenské tunelafské asocidcie, celkem 41 ugastniku

PREDANE MATERIALY K JEDNANI:

- pozvanka s programem jednéni

- vykaz Cerpani rozpoétu v roce 1999

- navrh rozpottu na rok 2000

- kalendarium konferenci v oboru pro rok 2000
- adreséf ¢len CTuK

K JEDNOTLIVYM BODUM PROGRAMU:
1. PRIVITANI PRITOMNYCH A ZPRAVA O CINNOSTI PREDSEDNICTVA
A UPLYNULE OBDOBI {ING.HESS)

Piedseda CTuK Ing.Hess po piivitani ugastniki Valného shromasdéni informoval
o zaseddni pfedsednictva pfed &lenskymi shromazdénimi. Byla projednavéna
dal$i ¢innost Komitétu ve vazbé na svétovou asociaci ITA/AITES, Fedeni élen-
skych otazek CTuK, ekonomie ¢innosti, erpanf a navrhovani rozpogtu, piiprava
konference aj.

2. ZPRAVA 0 JEDNANICH EXECUTIVY, O CINNOSTI A PERSPEKTIVACH
ITAJAITES A O SVETOVEM TUNELARSKEM KONGRESU V DURBANU
(ING.HESS)

Kongresu se Uéastnilo pfes 300 osob, z nichZ podetnou skupinu tvarily zastupei
CR, SR a Ruska. Do asociace byly pfijaty dalsi tfi zemg, celkovy pocet élend se
2vySil na 50. Zvy3eny zdjem o Ginnost ITA je ziejmy i ze vzristajici navitévnosti
internetovych stranek. Executiva vypracovala a prezentovala navrh «Strategie
2000". Rozv(ji se | ¢innost WG, avsak je zdvisla na pfistupu a aktivitd jednotli-
vych animatérd. Nova WG , Training” sleduje a poskytuje piehled o vyuce obord
podzemniho stavitelstvi ve svété. V soutasné dobé se $iroce diskutuji rozpory
v hodnoceni NATM a odlidnych technologii. Vzhledem k uplynuti funkénich
obdobi pfevéiné vétsiny tlend Executivy ITA/AITES dojde v roce 2001 k zdsadni
zméné ve vedeni asociace. Neméli bychom ztratit pozice, kterych jsme
v ITA/AITES doséhli, a véas navrhnout kandidaty do Executivy pro dalsi funkéni
obdobi. Je to vyznamny akol pro viechny &lenské organizace.

3. ZPRAVA O CINNOSTI PRACOVNICH SKUPIN - WG ITA/AITES

S ohledem na sou¢asnou hospitalizaci Ing.Valese nebylo moino zprévu podat.
V rémei CTuK byly vytvofeny dvé pracovni skupiny: Bezpetnost v tunelech,
Stiikany beton. Prvni skupiny se iniciativné ujal doc. Ing. Pavel PFibyl, CSc.
Predpoklada se zapojeni i pracovnikii mimo CTuK jako napf. z fakulty dopravni
CVUT, Hasiéského shoru, kolegll ze Slovenska. Pracovni skupinu , Stfikany
beton” organizuje Ing. Pavel Polak, ktery ve svém vystoupenl uved! nastin pro-
gramu a vizi ¢innosti skupiny, orientované nejen na monitorovani praktického
vyuZiti, ale zejména na dal$i rozvoj této technologie.

4. ZPRAVA O HOSPODARENI V ROCE 1999 A NAVRH ROZPOCTU NA ROK 2000
(ING. DOUBEK)

Ing. Doubek komentoval pisemné materialy, které byly projednany v pfedsednictvu
CTuK 28. 4. 2000 a které uastnici obdrzeli, Nad ramec rozpoétu na rok 1999 byly
piedfinancovény vydaje na konferenci PSP 2000 ve vyi 97,2 tis. K&, které se proje-
vily v roénim vykazu ztrétou. Ta byla éasteéné kompenzovéna az na 15,9 tis. K&,
Rozpotet na rok 2000 byl predloZen jako vyrovnany ve vysi 39854 tis.K&. V ném je
zahrnut i vyrovnany rozpoéet na konferenci se zapoétenim pfedfinancované Castky
v roce 1999. Zakladnim pedpokladem dodrieni tohoto rozpogtu je platebni kézen
Elenskych subjektl Komitétu a GEast na konferenci v pfedpokladané vy$i 250 osoh.
K pfednesené zpravé nebylo pfipominek. S vykazem hospodareni za rok 1999
a s navrhem rozpoétu na rok 2000 vyslovili pfitomni delegati souhlas aklamaci.

5. ZPRAVA O STAVU CLENSKE ZAKLADNY (ING. MATZNER)

V obdobi od minulého valného shromazdéni doslo k nasledujicim zménam
v Elenské zakladné.

NOVE CLENSKE ORGANIZACE:

Keller - Specialni zakladani, s.r.o., jednatel Ing. Radek Cuda - spoleénost
byla pfedstavena v ¢asopise TUNEL v minulém roce.

Kategorie: mala dodavatelska.

Angermeier Engineers Praha, s.r.0., jednatel Ing. Petr Hlavadek - spole¢nost
byla pfedstavena v tasopise TUNEL ¢.1/2000.

MINUTES OF THE GENERAL ASSEMBLY OF THE
CZECH TUNNELLING COMMITTEE ITA/AITES

Present: according to the attendance list, filed in the Secretariat of CTUC - representatives of 24
member organizations and 3 individual members, members of the Board of CTuC, rapresentatives
of the Preparatory Committee of the conference Underground Constructions Prague 2000,
Chairman of the Editarial Board of the journal TUNEL, representative of the Slovak Tunnelling
Association,

Total: 41 participants

MATERIALS HANDED OVER FOR PROCEEDINGS:

- invitation card with the agenda

- statement of drawing on the budget in the year 1999
- draft of the budget for the year 2000

- list of conferences in the line for the year 2000

- directory of members of CTuC

TO INDIVIDUAL ITEMS OF THE AGENDA:
1. WELLCOME TO PRESENT PERSONS AND THE REPORT CONCERNING THE BOARD ACTIVI-
TIES FOR THE PAST PERIOD (ING. HESS)

The Chairman of CTuC, Ing. Hess, after having wellcome participants of the General Assembly,
informed of the meeting of the Board before meetings of members. There were discussed further
activities of the Committee with respect to the world association [TA/AITES, solution of problems
of CTuC membership, economy of activities, drawing on and drafting the budget, preparation of
the conference, etc.

2. REPORT ON DISCUSSIONS OF THE EXECUTIVE GROUP, ON ACTIVITIES AND PERSPECTIVES
OF ITA/AITES AND ON THE WORLD TUNNELLING CONGRESS IN DURBAN (ING. HESS)

More than 300 persons took part in the congress, of which a numeraus group was represented by
representatives of the Czech Republic, Slovak Republic and Russia. The Assaciation accepted three
further countries, and so the total number of members increased to 50. The increased interest in
activities of ITA is evident even with respect to the increasing visits of internet pages, The
Executive Group elaborated and presented a draft of “Strategy 2000°. Activities of WG are also
developing, but they depend upon the access and activity of individual members, The new WG
“Trainig” watches and provides a survey concerning the education in lines of underground civil
engineering in the world. At present there are very discussed contradicling opinions as to NATM
and different techniques, With respect to expiring the function period of a large majority of mem-
bers of the Executive Group of ITAAITES in the year 2001, the mar nt of the Association will
be fundamentally changed. We should not loose pasition which we achieved in ITA/AI TES, and we
should move candidates to the Executive Group for the next function period in time. It is an impor-
tant task for all member otganizations.

3. REPORT ON ACTIVITIES OF WORKING GROUPS - WG ITA/AITES

With respect to the contemporaneous hospitalization of Ing. Valec, it was not possible to present
the report. Within CTuC there were formed two working groups: Safety in Tunnels, and Shotcrete.
The first group has been managed with high initiative by Doc. Ing. Paval Piibyl, CSe. It is supposed
that even workers outside CTuC will cooperata, e.g. staff of the Facully of Transport of the Czech
Technical University, of the Firemen Corps, colleagues from Slovskis. The working Group
“Shatcrete” has been organized by Ing. Pavel Polik, who mentionsd in his speech a programme
draft and future activities of the group, which is interested not only in maonitoring the utifization of
this techigue in practice, but also in its further development,

4. FINANCIAL REPORT FOR THE YEAR 1999 AND THE BUDGET DRAFT FOR THE YEAR 2000
(ING. DOUBEK)

Ing, Doubek informed of written materials which were discussed in the Board of CTuC on April 28,
2000, and which the participants received. By crossing the budged for the year 1999, there were
financed in advance expenses for the conference Underground Constructions Prague 2000,
amounling to 97 200 CZK, which resulted, in the annual financial statement, in the loss. Said loss
was partially compensated, i.e. except 15 900 CZK. The budget for the year 2000 was presented as
well-balanced, in the amount of 3 985 400.- CZK. In it there is also included the well-balanced bud-
get for the conference, which includes amounts financed in advance in the year 1999. The finan-
cial discipline of the member organizations of the Committee and the attendance at the conference
of the expected participants, i.e. about 250 persons, is the basic precondition for keeping said bud-
get. There were no comments to the presented report and the present delegates approved the
Financial statement for the year 1999 and the Budget Draft for the year 2000.

5. REPORT ON THE SITUATION OF THE MEMBER BASIS (ING.MATZNER))

In the period from the last General Meeting, the followirig changes of the member basis took place:
NEW MEMBER ORGANIZATIONS:

KELLER - SPECIALNI ZAKLADANI, S.R.0.,

Executive: Ing. Radek Cuda - the company was introduced in the journal TUNEL in the last year.
Category: smalf contractor firm.

ANGERMEIER ENGINEERS PRAHA, S.R.0.,

Executive: Ing. Petr Hlavdcek - the company was introduced in the journal TUNEL No. 1/2000,
Category: small engineering firm.

GEOTEC GS S.R.0,
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Kategorie: mald inzenyrska.

GeoTec GS, s.r.0., jednatel Ing. Jifi Libus - spoletnost sloucenad s IKE s.r.o.
Kategorie: mala inzenyrska.

Honeywell, s.r.0., jednatel Ing. Ladislav Haskovec - seznamil pfitomné s $iro-
kym rozsahem ¢innosti spole¢nosti v tuzemském i svétovém méfitku.
Kategorie: velka inZenyrska.

NOVI CLENOVE:

Ing. Radko Rieger, Ing. Lubomir Kugera, Ing. Stépan Moutka, Ing. Pavel Mafik,
véichni z Prahy, Ing. Pavel Kout, Svycarsko, Ing. Zdenék Hanzal, Plzefi

GLENSTVI K 31.12.1999 VYPOVEDELL:

Ingstav Brno, a. s., g. . Ing. Zdenék Blazek, IKE, s.r.0., RNDr.Otakar Tesaf,
Inzenyrské konstrukce, Ing.Pavel Mafik. V letodnim roce vypovédéla ¢lenstyi
jedna ze zakladajicich organizaci - a.s. Vodni stavby. Ve smyslu stanov i uzavie-
né smlouvy bude &lenstvi zruseno k 31. 12, 2000, tzn. Ze v tomto roce z(stavé
spolecnost ¢lenem Komitétu se véemi pravy a povinnostmi. Ke stejnému datu
bude zruseno ¢lenstvi i Ing. Klimentu Mottlovi na vlastni zddost. Soucasny stav
¢lenské zakladny: 40 kolektivnich ¢lenl (36 a. s. a s.ro., 4 vysoko$kolska
a védecka pracovisté), 26 individuelnich &lend.

6. EDICNI ZAMERY REDAKCNI RADY CASOPISU TUNEL V ROCE 2000
(ING. NOVOTNY)

Casopis dosahl po zavedeni dvojjazyéné mutace vysstho uplatnéni nad ramec CR
a SR. Jeho kvalita co do obsahu i grafické Grovné je doma i v zahraniéi dobfe
hodnocena. Prinasi kromé odbornych élankl i zajimavé informace v nékolika pra-
videlnych nebo ob&asnych rubrikach. Objem jednotlivych gisel se zvysil z plivod-
nich 32 az na 56 stran. Tim vzrostly i ediéni naklady, které se redakéni rada snazi
kompenzovat inzerci. Proto se znovu obraci na v8echny ¢lenské spolecnosti, aby
inzerovaly nejen sami, ale uplatiovaly inzerci u svych subdodavateld a koope-
rantil. Je to cesta, jak udrzet dobrou droveri a rozsah nageho tasopisu.

7. INFORMACE O CINNOSTECH PRIBUZNYCH ODBORNYCH
SPOLECNOSTI (PROF. ALDORF}

V uplynulém obdobi byly uspofadany akce s pfizvdnim pfibuznych odbornych
spoleénosti {seminéf o zasobniku plynu Pfibram, Pracovni shromazdéni - semi-
né&f CTuK) a rovnés v gasopise TUNEL publikuji i neélenové CTuK. Koordinaéni
¢innost v pofadani konferenci a seminéid se zatim neprojevuje. Udriuje se vza-
jemna informovanost vyménou tiskovin. Studentska souté? za uplynuly rok
bude vyhodnocena v ramci konference PSP 2000. Pfisti seminaf se plénuje na
1. polovinu roku 2001.

8. PRIPRAVA KONFERENCE PODZEMNI STAVBY PRAHA 2000
{PROF. BARTAK)

Pripravny vybor konference se pravidelné schazi podle harmonogramu piipravy,
ktery se dodrzuje. Prvni vytisky finalniho ,Programu konference” byly diky ochoté
¢lend PV dopraveny na tuneléafsky svétovy kongres do Durbanu, ostatni jsou rozesi-
lany v tomto tydnu. Seslo se celkem 70 pfispévki do , Sborniku konference”, ktery se
pfipravuje do tisku. K dstnimu prednesu bylo vybrano 32 pfispévkd. Tématicky okruh
A byl rozdifen o prlizkum pro podzemni stavby a z tématického okruhu C byly vycle-
nény prispévky tykajici se Mrazovky do samostatného podokruhu C1. Konference se
kond pod patronaci ITA/AITES a tvodni projev piednese prezident asociace prof.
Haack. Vystoupi rovnéz primator hl. m. Prahy, pod jeho? zastitou se konference koné.
Zasadni Uvodni projevy - State of the art v kazdém ze ¢ty tématickych okruhl konfe-
rence prednesou ¢lenové predsednictva ITA/AITES prof. Pelizza, Milan, a prof.
Eisenstein, Edmonton, dale Ing. Kusy, Bratislava, a prof. Aldorf, Ostrava. Vyznam kon-
ference je zd(iraznén i tim, Ze se pii jeji pfileZitosti kona zasedani Executivy ITA/AITES.

9. RUZNE

Ing. Ladislav Haskovec predstavil spoleénost Honeywell

Ing. Smolik upozornil na vyznam informaci a propagace vyuiiti tunelovych

staveb v okruhu odborné i laické vefejnosti pro perspektvni rozvoj tunelové-

ho stavitelstvi viibec. K tomu doporuéuje lep$i spolupraci mezi CTuK a tune-
lovou sekei Silniéni spoleénosti.

- Ing. Romancov a Ing. Dolezalova sdélili rizné poznatky ze svétového tuneléi-
ského kongresu v Durbanu, které by mohly byt aplikovany v pfipravé konfe-
rence PSP 2000

- Ing. Pohl informoval o vysledku tradi¢niho tunelaiského fotbalového turnaje

a pozval pfitomné na prohlidku stavby 7. praiského tunelu pod Vltavou.

ZAVER VALNEHO SHROMAZDENI

Ing. Hess ocenil dobrou droven vystoupeni naich u¢astniki v Durbanu a rovnéz
i dosavadni préci PV konference PSP 2000. Upozornil na sou¢asnou tendenci podi-
lu soukromych investorl na vefejnych investicich i v podzemnim stavitelstvi
v Evropé a lze ogekavat ve vyhledu i u nas. Ugast soukromého kapitalu mozno
pokladat za vyznamnou podminku dal$iho sir$iho rozvoje podzemniho stavitelstvi.

V odpolednich hodinach se uskute¢nita exkurze na pracovistich a.s. SUBTERRA
a METROSTAV na stavbé tunelt Mrazovka s odbornym vykladem.

Zapsal: Ing.Matzner
Ovéfil: Ing.Hess

P.S.: Sekretariat otekava odpovéd ¢lenskych organizaci, které tak dosud neuginily, na
dopis z 10.5.2000, tykajici se softwaru Autodesk/Autocad, aby bylo moZno realizovat
nabizenou sluzbu

Executive: Ing. Jiff Libus - the company merged with IKE s.r.0. Category: small engineering firm.

HONEYWELL, S.R.0,

Executive: Ing. Ladislav Haskovec - he informed present persons of the large extent of activities of
the company in inland and allover the world,

Category: big engineering firm.

NEW MEMBERS:

Ing. Radko Rieger, Ing. Lubomir KuGera, Ing. Stépan Moudka, Ing. Pavel Mafik, all from Prague, Ing.
Pavel Kout, Switzerland, Ing. Zdenék Hanzal, Plzeri

THE MEMBERSHIP WAS NOTICED TO DECEMBER 31, 1999, BY:

Ingstav Brno, a.s., General Manager Ing. Zdenék BlaZek, IKE, s.r.o., RNDr. Otakar Tesar: InZenyrské
konstrukce, Ing. Pavel Mafik.

In this year, one of the founding organizations - Vodni stavby a.s. , noticed its membership.
According to Articles of Incorporation and according to the concluded agreement, the membership
shall be terminated to December 31, 2000, so that in this year, the company continues to be the
Committee member with all rights and duties. To the same date, the membership of Ing. Kliment
Mott! will be terminated at his request.

The present situation of the member basis: 40 collective members (36 joint-stock companies and
companies with limited liability, 4 university workplaces and scientific ones), 26 individual mem-
bers.

6. EDITORIAL INTENTIONS OF THE EDITORIAL BOARD OF THE JOURNAL TUNEL IN THE YEAR
2000 (ING. NOVOTHY)

The journal, after the double language version had been started, attracted attention of readers
even outside the Czech Republic and the Slovak Republic. Its quality, as to the contents and graph-
ical standard has been well appreciated at home and abroad. Besides professional articles, there
are published interesting information in regular or occasional columns. The volume of individual
issues was increased from original 32 up to 56 pages. In this way editorial expenses were
increased as well, and the Editorial Board tries to compensate them by means of advertising. That
is why it asks again all member organizations for advertising, viz. not only by them, but that also
their subcontractors and cooperators may advertise in the journal. It is a way how to keep a good
standard and extent of our journal.

7. INFORMATION OF ACTIVITIES OF RELATED PROFESSIONAL COMPANIES (PROF. ALDORF)

In the past period there were organized actions with inviting related professional companies (sem-
inar on a gas reservoir Pribram, Working Meeting - seminar of CTuC), and even non members of
CTuC now publish in the journal TUNEL. The coordination activity concerning organizing confer-
ences and seminars is at present not very active. Mutual informing is performed by exchanging
printed materials. The students competition for the last year will be evaluated within the confer-
ence Underground Constructions Prague 2000, The next seminar is planned to take place in the
first half of the year 2001,

8. PREPARATION OF THE CONFERENCE UNDERGROUND CONSTRUCTION PRAGUE 2000
{PROF. BARTAK)

The Preparatory Committee of the conference meets regularly according to the time schedule of the
preparation which must be performed. First exemplars of the final Programme of the Conference
were transported by the members of the Preparatory Committee to the Tunnelling World Congress
in Durban, other exemplars are sent in this week. 70 articles for the “Symposium of the Conference”
which is prepared for printing, have been already received. 32 articles were chosen to be lectured.
The subject topic A was extended by investigation for underground constructions, and from the
topic C there were rearranged articles concerning Mrdzovka into a separate sub-topic C1. The con-
ference takes place under the sponsorship of ITA/AITES, and the opening speech shall be performed
by the Association President - Prof. Haack. The Lord Mayor of the capital Prague, under whose spon-
sorship the conference will take place, will welcome the attendants. The fundamental opening
speeches - State of the Art in every of the four topics of the conference shall be done by members
of the EC ITA/AITES, viz. Prof. Pelizza, Milano, Prof. Eisenstein, Edmonton, and also by Ing. Kusy,
Bratislava and Prof. Aldorf, Ostrava. The conference importance is also stressed by the fact that at
the occasion of this conference there takes place the meeting of the Executive Council of ITA/AITES.

9. MISCELLANEOUS

- Ing. Ladislav Haskovec introduced the company Honeywell

- Ing. Smolik drew the attention to the importance of information and publicity concerning the uti-
lization of tunnel construction within the professional and lay public for a future development of
tunnel constructions generally. He also recommended a better cooperation between TuK and the
Tunnel Section of the Road Association.

-Ing. Romancov and Ing. Dolezalova expressed various pieces of knowledge from the World
Tunnelling Congress in Durban, which could be applied in the preparation of the conference
Underground Constructions Prague 2000.

- Ing. Pohl informed of the result of a traditional football tournament of tunneling workers, and invited
present persons to an excursion to the construction of the 7 th Prague tunne! under the river Vitava.

CLOSING OF THE GENERAL MEETING

Ing. Hess appreciated both a good standard of activities of our representatives in Durban, and also
the hitherto work of the Preparatory Committee of the conference Underground Constructions
Prague 2000. He drew the attention to the present trend of the share of private investors at public
investments in underground civil engineering in Europe, and it may be expected, in the future, the
same situation in our country too. The participation of private capital may be taken for an impor-
tant condition of the further larger development of the underground civil engineering.

An excursion onto building sites of SUBTERRA a.s. and METROSTAV concerning the tunnels
Mrézovka with a professional explanation took place in the afternoon.

Written down by Ing. Matzner
Verified by Ing. Hess

PS. The Secretariat expects an answer of member organizations which have not done it so far, to the
letter dated May 10, 2000, concerning software Autodesk/ /Autocad, that it may be possible to realize
the service being offered.
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ZPRAVY Z TUNELARSKYCH KONFERENCI

NEWS FROM TUNNELLING CONFERENCES

ORESUND LINK IMMERSED TUNNEL CONFERENCE

Ve dnech 5. - 7. dubna 2000 probéhla v Kodani mezinarodni odborna konfe-
rence pofadana Danskou asociaci pro tunelové a podzemni stavby spoletné
s konsorciem dodavatel a kontraktord stavby ORESUND LINK.

Zagastnilo se ji na 220 delegétl z dvaceti zemi, z toho 12 Ceské republiky.
Konference méla slavnostni raz, protoze se konala tésné pfed dokoncéenim
nové 16 km dlouhé cesty na sever mezi Kodani a Malmé pres Oresund, kte-
rou tvofi 4 050 m dlouhy podmofsky tunel, umély ostrov Popperholm
s komunikaci dlouhou 4 055 m a 7 845 m dlouhy most, jehoZ hlavni pole ma
rozpéti 490 m a maximalni podjezdovou vyku 57 m pro lodni dopravu.
Tunel je tvofen prefabrikovanymi sekcemi o rozméru 176/42/8 m, kazda ma
hmotnost 55 tis. tun. Jednotlivé sekce byly plaveny ze zakladny soulodimi
a spoustény do pfedem pFipravené stavebni jamy. Tunel, stejné jako cela
stavba, slouzi pro automobilovou dopravu (2 trouby o dvou dopravnich pru-
zich) a pro Zelezniéni dopravu (2 jednokolejné trouby). Je to nejdel$i pono-
feny tunel na svété.

Dokonale Fe$ené detaily spojovani a tésnénf tunelovych sekei patfi k mnoha
technickym zajimavostem stavby, ktera je zcela ojedinéld a v podminkéach
vnitrozemského statu samoziejmé nenapodobitelnd. Pfesto je moino se
poudit ze zkugenosti realizator(i a nenf vylou¢ena ani diléi aplikace pouzi-
tych technickych prvk{ pfi prekondvani tokd na komunikacich ve vnitroze-
mi, jak se o tom zminil zastupce ITA/AITES z Bruselu pan Willy de Lathauwer.
Stavba slouZi vefejnosti od Eervence 2000, stala cca 1,6 mid. EUR a hyla
postavena za 5 let. Patfi mezi nejdlleZitéj§i inzenyrska dila 20. stoleti.

ORESUND LINK IMMERSED TUNNEL CONFERENCE

During the days of 5th to 7th April 2000, an international professional con-
ference, organized by the Denmark association for tunnel and underground
works together with the consortium of suppliers and contractors of the
ORESUND LINK construction, was held in Copenhagen.
Altogether, 220 delegates from 20 countries participated at the conference,
out of that one from the Czech Republic.
The conference had a ceremonial atmosphere, because it was held right
before completion of the new 16 km long road up north between
Copenhagen and Malmé over Oresund, which consists of 4050 m-long
immersed tunnel, artificial island of Popperholm with the road of 4055 m,
and of 7845 m-long bridge, whose main span has a range of 490 m and
maximum clearance of 57 m for naval transportation.
The tunnel is made of prefabricated segments with the dimensions of
176/42/8 m, each weights 55000 tons. Individual segments were shipped
from the base by a set of barges, and lowered into previously prepared con-
struction pit. The tunnel, as the entire construction itself, serves for road
transportation (2 tunnel double-line tubes) as well as for railroad trans-
portation (2 single-track tubes). It is the world's longest immersed tunnel.
The perfectly solved details of joining and sealing of the tunnel sections
belong to the row of technical features of the construction, which is
absolutely unique and within the conditions of inland country naturally
inimitable. However, it is possible to learn from the builders’ experience.
Also a partial application of used technical elements in order to surpass
waters at inland roads, as mentioned by the ITA/AITES representative
Mr. Willy de Lathauwer from Brussels, can not be excluded.
The construction serves to the public from July 2000 on. It has cost app. 1,6
bill. EURO and has been built in 5 years. It belongs to the most important
engineering works of the 20th century.

Ing. Miroslav Uhlik

Subterra a.s.

INFORMACE

INFORMATION

AD ,RENNSTEIG - NAJDLHSI TUNEL V SRN”
(TUNEL C. 4/1999 - STR. 22 - 25)

V élanku boli autorovym nedopatrenim uvedené dva nepresné, resp. ned-
plné daje. V nadpise okrem priviastku ,najdlh§i” mal byt pripojeny aj
priviastok ,dialniény”. Nadpis matl preto spravne zniet: Rennsteig - najdIhsi
dialniény tunel v SRN".

Dizkovy primét v kateg6rii dopravnych tunelov s SRN patri Zelezni¢nému
tunelu Landriicken 10 710 m na trati rychlej Zeleznice pre vlaky ICE
Hannover - Wiirzburg, postavenému v rokoch 1983 az 1986.

Druhd nepresnost sa tykala Zelezni¢ného tunela Mont Cenis (Fréjus) dizky
12 340 m. Bol to prvy transalpsky tunel postaveny v rokoch 1857 aZ 1871
a predstavoval urditd revoldciu v tunelarstve, preto sa v literatire velmi
Casto cituje.

Do konca minulého storodia ho prekonal dal$i transalpsky tunel -
Gotthardsky. Tunelu teda Mont Cenis patri iba privlastok prvy a najstar$i
transalpsky tunel.

Ako pridavok k tejto oprave a na tému transalpskych tunelov uvadzame
Udaje o ich hlavnych historickych reprezentatoch:

1857 - 1871  Mont Cenis (Fréjus) 2-kolajovy, 12 234 m dlhy

1872 - 1878  Gotthardsky, 2-kolajovy, 14 984 m dihy

1880 - 1884  Arlbergsky, 2-kolajovy, 10 250 m dlhy

1891-1906  Simplonsky (1.rdra) 19 803 m dihy

1906 - 1912 Lotschbergsky, 2-kolajovy, 14 536 m dlhy

1912 - 1921  Simplonsky (2.rdra) 19 825 m

Autor se ospravedliiuje Gitatefom za chybné ddaje a zarover dakuje
Prof. Ing. Frantiskovi Klepsatelovi, CSc. za upozornenie a doplnenie
spravnych udajov.

AD “RENNSTEIG - THE LONGEST TUNNEL IN FRG”
(TUNEL NO. 4/1999 - PAGE 22 TO 25)

By an oversight of the author there were mentioned two inaccurate, resp.
incomplete data in this article. In the inscription, besides the attribute the longest,
there was to be also added the attribute “motorway”. The correct wording of the
inscription was to be: “Rennsteig - the Longest Motorway Tunnel in FRG”.

The first place in the category of transport tunnels in FRG belongs to the
railway tunnel Landriicken, 10 710 m long, on the quick railway line for
trains ICE Hannover - Wiirzburg, constructed within the years 1983 to 1986.
The second innaccuracy concerned the railway tunnel Mont Cenis (Fréjus),
12 340 m long. It was the first trans-Alpine tunnel, constructed in the years
1857 to 1871 and it represented a certain revolution in tunnel engineering,
and that is why it is cited very often in the literature.

Before the end of the last century it was overcome by another trans-Alpine
tunnel, viz. by the Gotthard tunnel. The tunnel Mont Cenis should have only
the attribute “the first and the oldest trans-Alpine tunnel”.

As and addition to this correction and to the subject of trans-Alpine tunnels
we mention data concerning their main historic reprentatives

1857 - 1871  Mont Cenis (Fréjus) double line 12 234 m long

1872 - 1878  Gotthard, double line, 14 984 m long

1880 - 1884  Arlberg, double line, 10 250 m long

1891 - 1906  Simplon (1% tube) 19 803 m long

1906 - 1912 Létschberg, double line, 14 536 m long

1912 - 1921 Simplon (2*'tube) 19 825 m

The author appologizes to readers for incorrect data, and at the same time
thanks to Prof. Ing. Frantidek Klepsatel, CSc., for indication and for com-
pleting correct data.

Ing. Jozef Frankovsky
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Kvalita, ktera jde do hloubky HOBAS

Trubni systémy
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CESKY TUNELARSKY KOMITET ITA/AITES
si Vas dovoluje pozvat na 9. konferenci

PODZEMNI STAVBY
Termin: 9.-11. 10. 2000

The Czech Tunnelling Committe
of the International Tunnelling Association
would like to invite you to its 9th Conference
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