Tumel .

CASOPIS CESKE TUNELARSKE ASOCIACE A SLOVENSKEJ TUNELARSKE) ASOCIACIE ITA-RITES
MAGAZINE OF THE CZECH TUNNELLING ASSOCIATION AND SLOVAK TUNNELLING ASSOCIATION ITA-AITES



18. rocnik - €. 4/2009

Vazené Citatelky a Citatelia Casopisu Tunel,

nielen v odbornych kruhoch, ale aj v radoch Sirokej verejnosti k najviac obdivovanym objektom v odbore dopravného stavitelstva patria mosty.
A pravom. Na moste sa daju obdivovat nielen odvazne konstrukéné rieSenia, ale aj vydarené architektonické stvdrnenie viditelné zo vSetkych stran.
Netyka sa to len mostov z kategérie megastavieb. V. mnohych pripadoch obdivujeme aj mensie alebo aj celkom malé mosty, ak st zaujimavo konstrukéne
a materidlovo stvdrnené a pekne zaclenené do prirodného alebo urbdnneho prostredia. Na moste je, jednoducho povedané, vSetko exteriérom, kym pri
tuneloch exteriér takmer uplne chyba. Konstrukciu tunelovej riry obostiera plast' horninového masivu. Po celej dlzke vnimame z neho iba jeho interiér.
Tak sa dostavame pri porovnavani mostov s tunelmi k najvécsiemu rozdielu. Tunely st pred nasim zrakom ukryté a zapaméitame si z nich nanajvys vstup-
né portily, kym mosty st viditelné u zdaleka a zo vietkych stran. Aj verejnost mosty prijima s ovela vi&§im pochopenim. O svoju priazen sa tunely
musia uchddzat’ ovela komplikovanejsie a dlhsie. Okrem toho, na svoju prezenticiu maji ovela kratsi ¢as. Tunel spravidla prejdeme za niekolko sekind,
nanajvys$ mindt a zapamétdme si z neho iba portdlové objekty. To ale ni¢ nemeni na fakte, Ze ako projek¢nd, tak realizacnd strdnka vystavby tunelov
v niom nezaostdva v naro¢nosti za spominanymi mostami. Tomuto tvrdeniu celkom urcite nebudi odporovathlavne projektanti tunelov a ich organiza-
cie, ktorym je venované toto ¢islo casopisu Tunel.

Prva z firiem, firma AMBERG ENGINEERING BRNO, a. s., Brno je stcastou velkej skupiny firiem Amberg. Druhou firmou je projektova, inZinier-
ska a konzulta¢nd firma IKP Consulting Engineers, s. r. 0., so sidlom v Prahe. Neprislicha mi vo svojom tvodniku hodnotit’tieto firmy, predstavia sa
v tomto ¢isle ndSho casopisu samé. Obe st renomované a zndme projekéné organizécie, ktoré bezpochyby uz maji svoje pevné miesto v tunelovom sta-
vitelstve tak v oboch naSich Statoch ako aj v zahrani¢i. V tomto ¢isle ndjdete niekolko zaujimavych ¢lankov, ktorych autormi st prave zdstupcovia tych-
to firiem.

Casopis Tunel je uZ niekolko rokov ndstrojom, ktory poméha osvetlit problematiku vystavby a prevadzky tunelovych stavieb prevazne pre tizku cie-
Tovi skupinu odbornikov zainteresovanych na priprave, financovani, projektovani, vystavbe, riaden{ prevadzky a bezpecnosti tunelov a operaciach stvi-
siacich s bezpeénostou a odstranovanim havdrii. Svojimi ¢ldnkami, fotografiami a reklamou obnazuje tunelové stavby, aby sa aspon Ciasto¢ne zvidite-
Inili medzi ostatnymi dopravnymi stavbami. Ambiciou Easopisu je, prirodzene aj propagdcia vyuzivania podzemnych priestorov na mnohé dalSie tcely.
Tito svoju rolu urcite plni, ¢o dokazuje v poslednych rokoch zvySovanim nédkladu a rozSirovanim rozsahu.

V najblizSom obdobi nds ¢akd na Slovensku velky Start tunelovych stavieb. VSetci difame, Ze ho uZ ni¢ neohrozi a budeme svedkami Sirokej spolu-
préce slovenskych a ¢eskych tuneldrov, ktord sa uz v tychto rokoch uplatiuje hlavne na tunelovych stavbach prazského okruhu. Pod hlavickou domécich,
ale aj zahrani¢nych tunelovych firiem pracuje mnoho schopnych slovenskych a ¢eskych odbornikov, ktorych spdja laska k tomuto odboru. Nedostatocna
naplnenost’domdceho stavebného trhu tunelovymi stavbami nutila doteraz hlavne slovenskych tuneldrov hladat'uplatnenie v zahrani¢i. Vsetko zI¢ je vSak
na nieco dobré, a to stdle plati. Skdsenosti zo zahranicia urcite naplno uplatnia na domdcich stavbach, ktoré na nich v kratkej budicnosti cakaju.

Preto mojim prianim je, aby tdto dobra spolupraca nadalej trvala a Zelam si, aby to neboli len tie mosty, ¢o od nepamiiti [udf spajali.

Ing. Ondrej Vida
¢len redakcnej rady

Dear TUNEL readers,

It is not only in professional circles but also among the general public that bridges are counted among the most admired structures in the field of tran-
sport-related construction projects. They are entitled to it. Apart from the bold structural design, the excellent architectural design, visible from all sides,
also deserves appreciation. This statement does not apply only to bridges from the category of megastructures. Often we even admire smaller or even rat-
her small bridges if they are interesting as far as the structure is concerned and nicely incorporated into the landscape of or urban environment. Simply
put, everything that forms a bridge is the exterior, while there is no exterior in the case of a tunnel. A tunnel tube structure is enveloped by ground. We
can only perceive its interior throughout its length. This is how we arrive at the biggest difference when comparing bridges with tunnels. Tunnels are hid-
den from our sight and the only thing we may remember are entrance portals, while bridges are visible already from a great distance and from all sides.
Even the public accepts bridges with greater understanding. Tunnels must strive for favour in a more complicated way and for a longer time. In additi-
on, the time they have available to present themselves is much shorter. Our passage through a tunnel takes mostly several seconds or minutes, at the most.
We can retain in our memory only its portal structures. However, that does not alter the fact that the designing work and construction work on tunnels
does not fall behind the above-mentioned bridges in terms of exactingness. This statement will certainly not be contradicted, first of all, by tunnel desig-
ners and their organisations, to which this TUNEL issue has been dedicated.

The first of these organisations, AMBERG ENGINEERING BRNO, a. s., Brno, is part of a big group of companies, Amberg. The other company is
Prague-based IKP Consulting Engineers, s. r. 0., a designing, engineering and consultancy firm. It is not for me to evaluate these companies in my edi-
torial. They will introduce themselves in this issue of our magazine. They are both renowned and famous design organisations, which have already won
firm positions within the tunnel construction industry in both of our countries and abroad. You can find several interesting papers in this issue by authors
representing these companies.

TUNEL journal has been for several years a tool helping to clarify problems of construction and operation of tunnels, mostly for a narrow target group
of professionals involved in the preparation, funding, designing and construction of tunnels, tunnel operation management, safety in tunnels and opera-
tions connected with the safety and remedying of accidents. It exposes tunnel structures through its articles, photographs and advertisements so that they
are made visible, at least partially, among other transport-related structures. Naturally, an ambition of the journal is also to promote the use of underg-
round spaces for many other purposes. It is certainly successful in this role; it has proved this success in recent years by increasing the print run and bro-
adening the content.

In the nearest future, we expect a great start of tunnel construction projects in Slovakia. We all hope that there is nothing now that could jeopardise it
and that we will witness broad collaboration of Slovak and Czech tunnellers, which has acquitted itself well during recent years, first of all at construc-
tions of tunnels on the Prague City Ring Road. Employed by domestic and foreign tunnel construction companies, there are many competent Slovak and
Czech professionals who are joined together by their love to this branch of industry. The insufficient volume of work available on the domestic market
has forced tunnellers, first of all those from Slovakia, to seek fulfilment abroad. Nevertheless, there is no great loss without some small gain. They will
certainly use the experience gained abroad in Slovakian construction projects, which are awaiting them in the close future.

My desire therefore is that this good collaboration continues to exist. I believe that bridges will not remain the only means of connecting people, exis-
ting for time immemorial. Ing. Ondrej Vida

Member of Editorial Board
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VAZENE KOLEGYNE, VAZENI KOLEGOVE,

s potéSenim jsem prijal moZnost vés oslovit v dvodniku podzimniho vydani ¢asopi-
su Tunel, a to nejen Gvodnim slovem, ale i nékterymi ¢lanky priblizujicimi vdm nase
konkrétn{ projekty z posledniho obdobi. Dovolim si fici, Ze ,,hlavni pevny kofen* nas{
firmy vyrastd z dlouhé skute¢né evropské tradice podzemniho stavitelstvi dané jak vyso-
kou odbornosti a zkuSenostmi podloZenymi aplikaci modernich postupu a technologif,
tak i dirazem na kvalitu a hdjeni zdjmu zékaznika. Firma IKP Consulting Engineers
vychdzi v oblasti tunell z dlouholeté tradice firmy ILF Consulting Engineers, ze které
vznikla a na jejiz zkusenosti navazuje. Ziskani pozice na ¢eském trhu nebylo zejména
v poddtcich firmy jednoduché, naSe Cinnost se orientovala predevs$im na studie
a poradenskou ¢innost. Z tohoto obdobi 1ze uvést projekt rekonstrukce Nelahozevskych
tunell, konzultaén{ ¢innost pro investora pri vystavbé tunelu Mrdzovka nebo technickou
pomoc pro zhotovitele po zficeni moravského portdlu tunelu Hiebe¢. K prvnim velkym
projektum ur€ité patif realizaéni dokumentace tunelu Branisko na Slovensku, kde jsme,
kromé mnoha dalich technickych tprav puvodniho feSeni, pouZili z davodu zajisténi
stability vychodniho portdlu tunelu poprvé na tizemi byvalého Ceskoslovenska tzv. kon-
strukei ,,zelvy“. Rostoucimu vyznamu Zelezni¢ni dopravy a potfebé modernizace trat{
odpovidala fada projekti Zelezni¢nich tunell. Pati{ k nim projety tuneld Veprek, Mald
Huba, Hnévkovsky I, Voticky, Olbramovicky, Tomicky I nebo technicky naroény pro-
jekt nového Trebovického tunelu provddéného v bobtnavych jilech. Prvni realiza¢ni pro-
jekt Zelezni¢niho tunelu Veprek pro nds predstavoval $anci ukdzat zkusenosti s NRTM.
Vysledkem bylo ocenéni Stavba roku 2004 za uplatnéni novych technologickych postu-
pt a zkvalitnéni parametr Zelezni¢ntho koridoru. Realizalni dokumentace tunelu
Libouchec na ddlnici D8 umoznila prosazeni dal$i ze zahrani¢nich zkuSenosti — pouZiti
nevyztuzeného definitivniho ostént, i kdyzZ jeho prosazeni nebylo jednoduché a neobeslo
se bez ur€itych potiZi. Jind situace jiZ byla pii provddéni supervize realiza¢ni dokumen-
tace tuneli Nového spojeni v Praze. Diky pozitivnimu pifstupu zdstupcii SZDC
i dodavatelské firmy Metrostav se ndm podafilo iniciovat pouZiti nevyztuZeného ostén{
podstatné rychleji a se zdarnym koncem.

Velkou provérkou nasi prace jsou realizatni projekty, kde se i sebemensi chyba oka-
mZité projevi. Po tspéSné realizaci tuneli Vepiek, Libouchec, ndroéném projektu dini-
kové Sachty tunelu Bfezno nebo tunell stavby 513 na silni¢nim okruhu kolem Prahy lze
konstatovat, Ze jsme v provérce obstali. Nase prace pfindsi krome precizni dokumenta-
ce i Eetné dpravy technického fesenti, vedouct jak k tspore investi¢nich ndkladu, tak ke
zjednoduseni realizace a ndsledného provozovéni tunelu. Jednim z piikladd je
i technické feSeni vzduchotechnického objektu Nouzov na stavbé 513 publikované
v tomto ¢isle Casopisu Tunel.

Viazime si i duvéry zhotovitelskych firem, které se na nds obraceji i v pripadé pro-
blému pri provddéni. Kromé sanace zficeného portdlu a Cdsti tunelu Hiebed jsme asi-
stovali na strané zhotovitele i pfi zmahdn{ rozsdhlého zdvalu a vypro$téni tunelovaciho
stroje na tunelu Bfezno. Po opakovanych zdvalech na tunelu Blanka v Praze provadi
nase firma i supervizi realizatni dokumentace této stavby. V soucasné dobé pracujeme
na realizaén{ dokumentaci tif Zelezni¢nich tunelt na tratovém tdseku Votice — BeneSov,
ktery tvoif Gdst v§znamného Zelezni¢niho spojeni Praha — Linec. Ceskou premiérou na
téchto tunelech je nd$ ndvrh na pouZiti vodonepropustného osténi tunelu Voticky v délce
590 m. Veéifme, Ze aplikaci zahrani¢nich zkuSenosti pfi projektovani i provadéni pora-
denské Cinnosti v oblasti podzemnich staveb prispivame k posunu ¢eského tuneldrstvi
na svétovou troven.

Zeleznd opona na dlouhou dobu uzaviela nasim odbornikiim kontakt s tuneldisky
vyspélymi zemémi, a i kdyZ v tomto roce slavime 20. vyro¢i padu komunismu v nasi
republice, stdle se jeSté objevuji mezery, které zpusobilo preruSeni tuneldrské tradice
v Ceské republice. Spole¢nost IKP Consulting Engineers, s. 1. 0., piisobi od roku 2004
jako ryze Geskd firma pod dnes zndmym ndzvem s kancelafemi v Praze, Plzni, Ceskych
Budéjovicich a na Slovensku v Bratislavé, Kosicich a 7Ziling. Skute¢nost, e nejsme kla-
sickym projektovym ustavem, ale konzultani kanceldfi poskytujici dplny inZenyrsky
servis zdkaznikim, chceme dokumentovat i v tomto &isle Casopisu uverejnénym &lén-
kem o nové vznikajicim tunelu v Ceském Krumlove.

Vérim, Ze vds jako Ctendfe i z kratkého predstaveni témata nai prdce zaujmou.
Zévérem bych chtél poprét viem zdkaznikum naSich kanceldr{

v Ceské republice i na Slovensku i vam, &tendfiim Gasopisu
Tunel, hodné §tésti v celém pristim roce 2010 a mnoho Gspés- S
né realizovanych projektt.

Zdaf buh!
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DEAR COLLEAGUES,

Itis a pleasure for me to be given the opportunity to address you through the autumn issue of TUNEL
journal, not only through this editorial but also through several papers outlining concrete projects of ours,
which have been implemented in the recent period. I am taking the liberty of saying that the “main, prin-
cipal root” of our company has grown from the long, truly European, tradition of underground enginee-
ring characterised by great expertise and lots of experience gained by applying modern procedures and
technologies, as well as placing stress on quality and protecting our customers’ interests. IKP Consulting
Engineers, s.r.0., starts, in the field of tunnels, from the long-standing tradition of the ILF Consulting
Engineers company, from which it originated and the experience of which it follows up. The objective to
win a position on Czech market was not at all simple to attain, especially in the beginning. Our activities
were focused mainly on studies and consultancy. From this period, we can mention the Nelahozeves tun-
nel reconstruction design, consultancy for the owner during the Mrdzovka tunnel construction or techni-
cal assistance for the contractor after the collapse of the Moravian portal of the Hrebe¢ tunnel. One of the
first large designing contracts certainly was the detailed design ( the means and methods design) for the
Branisko tunnel, Slovakia, where we used, apart from many other technical modifications of the original
solution, a method referred to as a “turtle shell” (a variant of the cover-and-cut technique) to ensure the
stabilisation of the eastern portal. It was the first application in former Czechoslovakia. The growing
importance of railway transport and the need for upgrading railway tracks was reflected in the need for
railway tunnels and designs for them. Let me mention the Veprek, Mald Huba, Hnévkov L., Votice,
Olbramovice and Tomice I tunnels or a technically complicated design for the new Trebovice tunnel, pas-
sing through swelling clays. The first detailed design for the Vepiek rail tunnel presented an opportunity
for us to show our experience with the NATM. It resulted into the Construction of the Year 2004 award
made to our company for implementing new technological procedures and improving parameters of
a railway corridor. The detailed design for the Libouchec tunnel on the D8 motorway allowed us to int-
roduce another element of our foreign experience — the use of unreinforced final lining, despite the fact
that pushing it through was not simple and could not be done without certain problems. The situation was
already different when the supervision over the detailed design for the New Connection tunnels in Prague
was being carried out. Owing to the positive attitude of representatives of the Railway Infrastructure
Administration (SZDC) and the contractor, Metrostav a.s., we managed to initiate the use of an unrein-
forced lining significantly faster and with a successful end.

Detailed designs, where any merest error immediately comes out, are great tests of our work.
After the successful completion of constructions of the Veprek and Libouchec tunnels as well as the
complex design for an escape shaft on the Brezno tunnel or tunnels on construction lot 513 of the
Prague City Ring Road, it is possible to state that we have stood the tests. Our work does not mean
only producing precise design documents. It often calls for modifications of technical solutions, lea-
ding to both savings in capital expenditures and simplifying the construction process and the sub-
sequent tunnel operation. One of the examples is the technical solution for the Nouzov ventilation
station on construction lot 513, which is presented in this TUNEL journal issue.

We also appreciate the trust of construction contractors, who have turned to us even in the cases
of problems encountered during the course of construction. Apart from the rehabilitation of the col-
lapsed portal and part of the Hiebe¢ tunnel, we assisted, on behalf of the contractor, in the restora-
tion of the extensive Hrebe¢ tunnel collapse and uncovering of the tunnelling machine buried in the
collapse. After the repeated collapses of the Blanka tunnel, Prague, our firm is carrying out super-
vision over the means and methods design for this project. At the moment we are working on the
design of means and methods for three rail tunnels on the Votice — BeneSov track section, which
forms a part of the important rail line between Prague and Linz. The above-mentioned tunnels saw
a Czech premiere in the form of our proposal to use a water retaining lining for the 590m long Votice
tunnel. We believe that, through applying foreign experience in the design and consultancy process
in the field of underground construction, we have contributed to the process of shifting the Czech
tunnel construction industry up to the worldwide level.

The Iron Curtain had closed the contact with countries boasting advanced tunnelling industries
for our specialists for a long time. Gaps resulting from the break in the tunnel construction traditi-
on in the Czech Republic keep emerging, despite the fact that we are celebrating the 20th anniver-
sary of the fall of communism in our republic. IKP Consulting Engineers, s.r.0. has worked as
a purely Czech company since 2004, under its, today well known, name, with its offices in Prague,
Plzen, Ceské Budéjovice and in Bratislava, KoSice and Zilina, Slovakia. We would like to document
the fact that we are a consultancy office providing the full scope of engineering services for our cli-
ents, not a classical designing institute, by publishing a paper on a newly originating tunnel in Cesky
Krumlov in this TUNEL issue.

I believe that even the short introduction will attract your attention to

our work topics. To conclude, I would like to wish all customers of our

—— offices in the Czech Republic and Slovakia, as well as you, TUNEL jour-

nal readers, lots of luck throughout the next year 2010 and many
successfully implemented projects.

God speed you!

DIPL.-ING. BORIS KLEMENT

jednatel spole¢nosti IKP CONSULTING ENGINEERS, s. r. o.
Acting Secretary of IKP CONSULTING ENGINEERS, s. r. 0.
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VAZENI CTENARI,

dovolte mi, abych vdm v kratkosti pribliZil profil skupiny firrm AMBERG
Group, jejiz soucasti je i spolecnost AMBERG ENGINEERING Brmo, a. s.

Jadrem a nejvetsi soucdsti Amberg Group je AMBERG ENGINEERING AG.
Zakladatelem prvni projektové kanceldre Amberg specializované vyhradné na pod-
zemn{ stavby byl pan Dr. Rudolf Amberg. Stalo se tak v roce 1966 v méstecku
Sargans ve Svycarsku. Nésledovalo postupné otevirani dalSich kanceldfi
v kantonech Curych, Chur a Bern. Viechny kanceldfe ve Svycarsku jsou soucdsti
jedné akciové spolecnosti AMBERG ENGINEERING AG. Nejstarsi zahranic¢ni fili-
dlkou je pravé AMBERG ENGINEERING Brno, a. s., zaloZend v fijnu 1993.
Nasledovaly dalsi zahrani¢ni pobocky v Singapuru (SGP), v Bratislavé (SK)
a v Madridu (E).

Dnes jsou firmy AMBERG ENGINEERING AG (CH), AMBERG
ENGINEERING Brmno, a. s. (CZ), AMBERG ENGINEERING Slovakia s. r. 0. (SK),
AMBERG Infraestructuras S. A. (E) a AMBERG & TTI ENGINEERING Ltd
(SGP) samostatné pravni subjekty s jednim vétSinovym vlastnikem a v rdmci
AMBERG Group jsou si vzdjemné rovny.

Dalsimi souc¢dstmi AMBERG Group jsou dvé Svycarské akciové spolecnosti.
AMBERG TECHNOLOGIES AG se zabyvd méfenim a pruzkumy véetné vyvoje
a vyroby méficich zafizeni a softwaru pro podzemni stavby. Spolenost
Versuchsstollen Hagerbach AG (VSH) sidli v podzemnich prostordch nedaleko
Sargans a vénuje se praktickému vyzkumu a vyvoji v nejriznéjsich oborech pod-
zemnich staveb. Je mozné zde provddét v mefitku 1:1 veskeré Cinnosti souvisejici
s podzemnfmi stavbami — nasazeni razicich stroju, vyztuZovéni a zpeviiovani hor-
nin, budovéni jakéhokoli ostén{ tunelt, zkouSeni stavebni chemie, poZdrni vycvik,
trhaci préce apod. Je zde k dispozici akreditovand laborator mechaniky hornin, pod-
zemni betondrna s akreditovanou laboratori pro zkouseni betonu, plné vybavené
Skolici centrum, specializované centrum pro vycvik pozdrn{ techniky a hasi¢a pfi
zdsahu v podzemi, podzemni stelnice a k tomu samoziejmeé kompletni zdzem{ pro
veskeré uvedené Cinnosti v podzemi. Podzemni prostory VSH jsou rovnéz bohaté
vyuZzivany ke komer¢nim ucelim. Jednou z nejvétsich akcf, které se zde jednou za
tri roky poradaji, je bezesporu podzemni veletrh TUT s pravidelnou tcasti vech své-
tovych firem v oblasti podzemniho stavitelstvi a tisicti ndvstévniku.

Jednou z obrovskych vyhod viech &lend skupiny AMBERG Group je synergie
mezi v§emi jejimi ¢leny. Vysledky, dspéchy, nedspéchy, zkusenosti a poznatky (AE
know-how) ze vSech realizovanych zakédzek po celém svété jsou vzdy a plné
k dispozici celé skupiné AMBERG Group.

AE Brno pusobi pfevdzné na ¢eském trhu v oblasti projektovéni podzemnich sta-
veb, specidlniho zaklddéni, sanaci sesuvi, sanaci podzemnich staveb, mostu a s tim
souvisejich inZenyrskych &innosti. Souldsti brnénské filidlky je i oddéleni
AMBERG TECHNOLOGIES, které se vyznamné podili na vyvoji veskerého soft-
ware AMBERG TECHNOLOGIES pro méfeni v podzemi.

AE Brno pati v CR k men3im projektovym kanceldfim, ale piesto se mize
pochlubit jednim z primétd v Ceské republice. Je to projekt Pisareckého tunelu
v Bmé, ktery byl poprvé v CR projektovan a nésledné i realizovan véetné osténi
razenych useku z prostého betonu disledné observaéni metodou (t6Z nazyvanou
NRTM).

V soucasné dobé mizeme byt svédky postupného vznikdn{ tfeti dimenze Zivot-
niho prostoru, coz dne$ni podzemni stavby rozhodné jsou. Do podzemi se dnes sté-
huje vSechno, co na povrchu piekdzi, zpusobuje problémy nebo jakymkoli zpuso-
bem omezuje vyuzivani zemského povrchu lidmi. Obdobné jako se ve stfedovéku
zacala stéhovat do podzemi kanalizace a vodovodn{ privadéde, stehuje se do podze-
mi dnes predevsim doprava, skladovédni nejruznéjich materidli a nebezpecnych
latek, Cistirny odpadnich vod, Zivotn{ prostfedi narusujici vyroba, vyroba, vyzkum
a vyvoj vyzadujici specifické konstantni prostiedi, jaderné
laboratote apod. Prakticky neexistuje zddné pramyslové
odvétvi ¢i védeckotechnicky obor, pro které by podzemni
prostory nebyly néjakym zplsobem s vyhodou vyuzitelné.

A vSichni ¢lenové AMBERG Group jsou pripraveni tyto "
smélé projekty navrhovat a podilet se na jejich realizaci.

-

o

DEAR READERS,

Allow me to briefly introduce to you the profile of AMBERG Group, with its
part, AMBERG ENGINEERING Brno, a.s.

The core and largest part of Amberg Group is AMBERG ENGINEERING AG.
The first Amberg designing office which was specialised solely in underground con-
struction was founded by Dr. Rudolf Amberg. It happened in the small town of
Sargans in Switzerland in 1966. Opening of other offices in the cantons of Ziirich,
Chur and Bern followed step by step. All offices in Switzerland are parts of one joint-
stock company, AMBERG ENGINEERING AG. Our AMBERG ENGINEERING
Brno, a. s., founded in October 1993, is the oldest foreign affiliation. Other foreign
affiliations in Singapore (SGP), Bratislava (SK) and Madrid (E) followed.

Today AMBERG ENGINEERING AG (CH), AMBERG ENGINEERING Brmo, a. s.
(CZ), AMBERG ENGINEERING Slovakia s. r. 0. (SK), AMBERG Infraestructuras
S. A. (E) and AMBERG & TTI ENGINEERING Ltd. (SGP) are independent legal
entities with one major owner. They are equals within AMBERG Group.

Other parts of AMBERG Group are two Swiss joint-stock companies. AMBERG
TECHNOLOGIES AG is involved in measurements and surveys, including the
development and production of measurement equipment and software for underg-
round construction. Versuchsstollen Hagerbach AG (VSH) company seat is in
underground spaces near Sargans. Its business comprises practical research and
development covering widely assorted fields of underground construction. It is pos-
sible to carry out full-scale all activities associated with underground constructions:
applying excavation equipment, reinforcing and consolidating ground, installing
any type of tunnel lining, building chemistry testing, fire training, blasting etc. The
facility has its own accredited rock mechanics laboratory, an underground batching
plant with an accredited concrete testing laboratory, a fully equipped training cent-
re, a specialised centre for training in operation of fire-fighting equipment and fire
fighters intervention during an underground fire, an underground firing range and,
of course, all back-up facilities for all of the above-mentioned underground activiti-
es. The underground spaces are also widely used for commercial purposes. One of
the greatest events which are held there every three years is, undoubtedly, the ITUT
underground fair, which is regularly attended by all world’s leading companies in
the field of underground construction and thousands of visitors.

One of great advantages of all AMBERG Group members is synergy among all of
them. Results, achievements, failures, experience and AE know how from all contracts
carried out all over the world are always available throughout AMBERG Group.

AE Brno operates mostly on the Czech market, in the areas of designing for
underground constructions, specialist foundation, stabilisation of slides, rehabilita-
tion of underground structures, bridges and engineering activities associated
with these areas. Part of the Brno affiliation is the AMBERG TECHNOLOGIES
department, which significantly participates in developing of all AMBERG
TECHNOLOGIES underground measurement software.

Even though AE Brno belongs among smaller designing offices in the Czech
Republic, it can boast primacy as far as the Pisarky tunnel in Brno is concerned. This
tunnel was the first in the Czech Republic to be designed and subsequently con-
structed using the observational method (called also the NATM), including an unre-
inforced concrete lining in mined tunnel sections.

Currently, we can see the gradual origination of the third dimension of the living
space, certainly represented by today’s underground structures. Nearly everything
that is in the way, causes problems on the surface or restricts the use of the earth’s
surface by people moves today underground. Similarly to the Middle Ages when
sewerage and aqueducts started to move underground, today it is above all tran-
sportation, storing of wildly assorted materials and dangerous substances, water tre-
atment plants, production causing damage to the environment, production, research
and development requiring a specific constant environment,
nuclear laboratories etc. that are moved underground.
Virtually no other branch of industry or scientific-technical
branch exists for which the use of underground spaces would
not be in a way advantageous. All members of AMBERG
Group are prepared to carry out designs for these bold projects
and participate in their implementation.

ING. VLASTIMIL HORAK

Clen predstavenstva a reditel AMBERG ENGINEERING Brno, a. s.
Member of the Board and Director of AMBERG ENGINEERING Brno, a. s.
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KRALOVOPOLSKE TUNELY V BRNE - HLOUBENA CAST ZABOVRESKY
KRALOVO POLE TUNNELS, BRNO - ZABOVRESKY CUT-AND-COVER
SECTION

LUBOMIR KOSIK, JAROSLAV LACINA

ovob

Hlouben &dst Zaboviesky navazuje na razenou &dst Kralovopolskych
tuneld, kterd jiz byla obsahle pojednédna v ¢lanku Casopisu Tunel v &isle
1/2009. Hlouben4 &ast Zaboviesky predstavuje rozsahly soubor staveb-
nich objekti budovanych mnoha ruznymi technologiemi a vyznacuje se
obzvl4dStnimi ndroky na koordinaci a postup projekénich praci.
Vystavbu znaéné komplikuji prelozky inZenyrskych siti, organizace
vefejné dopravy stavenitém, blizkost rezidenéni zdstavby, ndro¢né sta-
tické TeSeni a dalsi faktory. Pro potfeby vystavby hloubenych tuneltu
byla provedena stavebni jdma tunelu I a II, v dob€ vzniku ¢ldnku probi-
hala betondZ Zelezobetonovych rdmu tunelu I a pfipravovala se vystav-
ba tunelu II. S predstihem byla provedena konstrukce definitivniho por-
talu.

GEOLOGICKE POMERY

Svrchni vrstvy jsou tvoreny prevazné konstruk&nimi vrstvami stdva-
jicich vozovek o mocnosti az 1 m. Stavebni jdma tunelu I zastihne pouze
souvrstvi neogennich jila. Hloubenim stavebn{ jamy tunelu II je odkryt
i kvartérni pokryv, ktery tvoii spraSe a sprasové hliny, popr. podloZn{
fluvidlni sedimenty — jilovité hliny. Nejvice zastizené zeminy neogenni-
ho masivu maji charakter soudrznych zemin — jila nebo jilovitych hlin
prevazné pevné nebo méné tuhé konzistence. Podzemni voda byla zjis-
téna v provedenych vrtech IG prizkumu jen ojedinéle. Byva vdzana na
bazi tenkych vrstev pisku a Stérka pii povrchu terciérnich jilu.
Z povrchu potrhanych jilu se ztraci podél trhlinek do hlubsich poloh
v terciéru. V prostoru stavebni jamy Zaboviesky byla voda konstatova-
na pouze v oblasti kolem provizorniho portdlu tunelu II, a to pouze
v archivnich vrtech.

PAZENI STAVEBNI JAMY

Pazeni stavebni jamy tunelu I bylo navrZeno jako rozeprené pilotové
stény v osové vzddlenosti 14,15 m. Stavebni jama tunelu II je feSena
obdobné, zasahuje viak svoji pravou stranou do svahu zdfezu Zabo-
vieské a priblizuje se tak k vySkové panelové zdstavbé na ulici
VoronéZzskd. PaZeni stavebni jamy se proto sklddé z nékolika typu paZi-
cich konstrukei. PaZeni odrezu svahu pod ulici VoronéZzskd, které zajis-
tuje odkop na troven pro vrtani pilot, je provedeno jako kotvend zdpo-

Obr. 1 Stavebni jama tunelu I pohledem z prilehlého objektu na ul.
Voronézskd

Fig. 1 Construction trench for Tunnel I, viewed from an adjacent building in
Voronézskd Street

INTRODUCTION

The Zaboviesky cut-and-cover section joins the mined part of the Krdlovo
Pole tunnels, which was dealt with in detail in a paper published in TUNEL
issue 1/2009. The Zaboviesky cut-and-cover section comprises an extensive
package of structures, which are built by various techniques. It is characteri-
sed by exceptional requirements for coordination and the design work proce-
dure. The construction is significantly complicated owing to relocations of
utility networks, organisation of public transport through the construction
site, residential development in close vicinity, difficult structural design and
other factors. The construction trench for cut-and-cover tunnels I and II has
been completed. Reinforced concrete frames for Tunnel I are being cast at the
time of the preparation of this paper, while the construction of Tunnel II is
under preparation. The final portal structure was built in advance.

GEOLOGICAL CONDITIONS

Upper layers are formed mainly by up to 1m thick structural layers of exis-
ting roads. The construction trench for Tunnel I will encounter only Neogene
clay series of strata. The Quaternary cover consisting of loess and secondary
loess or underlying fluvial sediments — clayey loams - is cut through and
exposed by the excavation of the construction trench for Tunnel II. The cha-
racter of the majority of the encountered Neogene soils is that of cohesive
soils — clays or clayey loams, mostly of firm or less firm consistency. Ground
water was found in boreholes carried out by the engineering geological sur-
vey only sporadically. It is usually bound to the base formed by thin sand and
gravel layers on the surface of Tertiary clays. It seeps from the surface of fis-
sured clays along fissures to deeper levels in the Tertiary ground mass. Water
was registered in the space of Zabovresky construction trench only in the area
around the temporary portal of Tunnel II, only in archive boreholes.

CONSTRUCTION TRENCH SUPPORT

The support of the construction trench for Tunnel I was designed in the
form of braced pile walls built along the tunnel axis with 14.15m separation.
The construction trench for Tunnel II is designed similarly; its right side
extends into the slope of the trench for the Zaboviesk4 section, thus it gets
close to high-rise panel buildings in VoronéZskd Street. The support of the
construction trench therefore consists of several structures. The support of the
shelf under VoronéZzska Street, securing the slope cutting to the level required
for drilling for anchors, is performed as an anchored soldier beam and lag-
ging wall installed from a 2m deep pre-trench. HEB 240 sections are desig-
ned for the soldier beams (9 to 14m long, at 1.54 — 2.0m intervals). They are
anchored by one tier of 15.5 — 16.5m long six-strand anchors passing through
steel walers. Timber lagging was used.

The design for the construction trench for the tunnel itself comprised bored
piles 1000mm in diameter, drilled at 1.50m spacing, again forming braced
pile walls. The pile walls are 16.0 — 16.5m deep; 8.6 to 11m of this depth is
exposed by the excavation. The pile heads are connected by a capping beam
with the dimensions of 1.2 x 0.8m. Pile walls supporting the construction
trenches for Tunnel I and II are braced in one to two levels by ©610/8mm
steel tubes installed at 2.5 — 4m spacing. The bracing levels had to be selec-
ted taking into consideration the necessity for deepening the excavation
under the braces. The spacing of braces in the ground plan and the lengths of
partial steel walers under the braces were designed with respect to the dis-
mantling work which will be performed step by step, during the casting of
individual expansion blocks of the cut-and-cover tunnels.

The pile walls protecting all parts of the construction trench will be trim-
med during the gradual excavation of the trench and will be provided with an
up to 0.5m thick layer of levelling concrete, which will serve as a substrate
for the closed heavy waterproofing of the tunnel tube.

TEMPORARY TUNNEL PORTALS

The temporary portal of Tunnel I is an 800mm thick, 20.0m deep diap-
hragm wall, arched in ground plan (roughly in a horseshoe shape). The
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Obr. 2 Rozeprend stavebni jama tunelu 1, v pozadi zdrodek raZené Casti
Fig. 2 The braced construction trench for Tunnel I with a germ of the mined
part in the rear

rové sténa ze svahovaného predkopu vysky 2 m. Zapory jsou navrZeny
z profili HEB 240-280 délky 9 aZ 14 m v osovych vzddlenostech
1,54-2,0 m. Jsou kotveny v jedné fadé Sestipramencovymi kotvami
délky 15,5-16,5 m pres ocelové prevdzky. Paziny byly pouZity dfevéné.

Pazeni samotné stavebni jamy tunelu bylo navrZeno z vrtanych pilot
o pruméru 1000 mm s rozte&i 1,50 m opét jako rozeprené pilotové stény.
Hloubka pilotovych stén je 16,0-16,5 m pfi odkopu 8,6 az 11 m.
V koruné jsou piloty spojeny pfevazkovym trémem piicnych rozméru
1,2x0,8 m. Pilotové stény stavebni jamy tunelu I a II jsou rozpirdny
v jedné aZ dvou trovnich trubkovymi ocelovymi rozpérami z ocelovych
trubek & 610/8 mm v rozteti 2,54 m. Urovné rozpirdni musely byt
voleny s ohledem na nutnost provddéni vykopovych praci pod rozpéra-
mi. Padorysné rozteCe rozpér a délky dil¢ich ocelovych prevazkovych
trdmu pod rozpérami byly navrZeny s ohledem na postupnou demontdZ
rozpér pii betondzi jednotlivych dilatatnich celka hloubenych tunelt.

Pilotové stény vSech Casti stavebni jamy budou pri postupné tézbé
jamy zalistény a opatfeny vyrovndvaci vrstvou betonu tlouStky do
0,5 m, kterd bude slouzit jako podklad pod uzavienou tlakovou hydroi-
zolaci tunelové trouby.

PROVIZORNI PORTALY TUNELU

Provizorni portdl tunelu I je proveden jako pudorysné zaklenutd (md
priblizné tvar podkovy) podzemni sténa tl. 800 mm, hloubka podzemni
stény je 20 m pti max. odkopu 13,2 m. V koruné jsou podzemni stény
vyztuzeny Zelezobetonovou prevazkou. V hloubce 1,5 m pod korunou
podzemnich stén je provedeno rozepfeni ocelovymi trubkami
& 610/8 mm. V drovni 6,5 m pod korunou stén jsou podelné Casti paze—
ni kotveny predpjatymi pramencovymi kotvami. V pravé bo¢ni sténé
portdlu je situovdno napojeni vzduchotechnického kandlu. Pro tento
el bude ve sténé vybourdn otvor rozméru 10x4,75 m.

Provizorni portdl tunelu IT byl navrZen opét jako zaklenutd podzemni
sténa hloubky 25 m pfi maximdlnim odkopu 15,5 m. Stény jsou roze-
preny v koruné ocelovymi rozperami, ddle je po vySce sténa kotvena
dvéma radami predpjatych lanovych kotev.

Do podzemni stény je profezén diamantovymi kotouci otvor ve tvaru
profilu razené Casti. Ze stavebni jamy bude vyraZen zdrodek razené
Casti.

HLOUBENE TUNELY

Hloubené tunely byly navrzeny jako zasypand uzaviend Zelezobeto-
novd monolitickd rdmova konstrukce v délce 115,65 m (TI), resp.
131,61 m (TI) navazujici na konstrukci definitivniho portdlu, ktery je
spoleény pro obé tunelové trouby. Soucdsti tunelu II je i vzducho-
technicky kandl, ktery propojuje oba tunely v blizkosti provizornich por-
tala.

Hloubeny tunel byl navrZen v souladu s CSN EN 206-1 z betonu
C30/37 XF2, vyztuz je navrzena z oceli BSO0B (10505 R), kryti vyztu-
Ze je navrzeno 50 mm z lice, 40 mm z rubu. Mimo to musi ostén{ splno-
vat pozadovanou pozarni odolnost R180 DP1.

Tloustka osténi hloubeného tunelu je 800 mm, strop je navrzZen se stie-
chovitym sklonem horniho povrchu 1,54 %. Zdkladovd a stropni deska
jsou ve vetknuti do stén zesileny v pfi¢ném sméru trojihelnikovymi

Obr. 3 Pohled do stavebni jamy tunelu I ze zdrodku raZené Cdsti
Fig. 3 View down the construction trench for Tunnel I from the germ of the
mined part

excavation exposed maximum 13.2m of the wall. At the top, the diaphragm
walls are reinforced by a reinforced concrete capping piece. Steel tubes
@610/8mm bracing the walls are installed at the depth of 1.5m under their
crowns. Pre-tensioned stranded anchors support the wall parts parallel with
the tunnel centre line at the level of 6.5m under the crowns of the walls.
A ventilation duct is located in the right-hand side wall of the portal. A 10
x 4.75m opening will be broken through the wall for this purpose.

The temporary portal of Tunnel II was also designed as a 25.0m deep dia-
phragm wall, arched in ground plan, with the maximum depth of the exca-
vation of 15.5m. The walls are supported in the crown by steel braces; furt-
her there are two tiers of pre-tensioned stranded anchors installed up the wall
height.

An opening in the shape of the mined part profile is cut through the wall
with diamond discs.

CUT-AND-COVER TUNNELS

The cut-and-cover tunnels were designed as a backfilled, reinforced conc-
rete, cast-in-situ closed frame structure, 115.65m (TT) or 131.61m (T1II) long,
connecting to the final portal structure, which is common for both tunnel
tubes. A ventilation duct, interconnecting the two tunnel tubes in the vicinity
of temporary portals, is part of Tunnel II.

The cut-and-cover tunnel is designed in C30/37 XF2 concrete, in accor-
dance with requirements of CSN EN 206-1 standard. Reinforcement is desig-
ned in steel grade BSOOB (10505 R), concrete cover over the reinforcement
50mm from the inner surface and 40mm from the outer surface. In addition,
the lining must meet requirements for R180 DP1 fire resistance.

The cut-and-cover tunnel lining is 800mm thick; the roof deck is desig-
ned with a camber of 1.54% provided on the top surface. The thickness of
the foundation slab and roof slab is increased at the fixing points in the

Obr. 4 Stavebni jama tunelu II, pohled shora
Fig. 4 Construction trench for Tunnel 11




Obr. 5 Stavebni jama tunelu II, pohled od definitivniho portdlu
Fig. 5 Construction trench for Tunnel II — viewed from the final portal

ndbéhy s Sitkou 1000 mm a vyskou 500 mm. Vychozi pfi¢ny fez hlou-
benou &asti je dén prijezdnym profilem 8,50x4,50 m — Siikovd katego-
rie T — 8,50. Svétla Sitka tunelového tubusu je 11 350 mm.

V dilataénim celku I-13 tunelu I, ktery navazuje na raZenou ¢4st tune-
lu, je pak svétld Sitka zvySena oboustranné o 1300 mm na Sitku
13 950 mm. Toto rozsifeni je navrZeno proto, aby bylo mozno umistit
v roz§ifené Casti elektrovyklenky, SOS vyklenek a hydrantovy vykle-
nek. Mimo to je v dilatacnim celku navrZzen mezistrop tl. 600 mm
a napojeni na vzduchotechnicky kandl.

U prvniho dilata¢niho celku na hloubeny tunel navazuje vzduchotech-
nicky kandl a nad tunelem je umistén technologicky portdlovy objekt.
V pripadé tunelu II je opét zvétSena oboustranné svétld Sitka prvniho
dilata¢niho useku u provizorniho portdlu o 1300 mm, aby bylo mozno
umistit elektrovyklenky, pripojku poZarntho vodovodu s hydrantem
a SOS vyklenek. Mimo to bylo nad stropem tohoto celku nutné navrh-

nout kabelovy prostor (komora), kterym bude tunel propojen

Obr. 7 Zdrodek raZené &asti tunelu 1, v pozadi nad jamou bednéni mostu na
veétvi H5

Fig. 7 The germ of the mined part of Tunnel I with formwork for H5 bridge
in the rear, above the trench
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Obr. 6 Prorezdvdni otvoru pro zdrodek tunelu I v podzemni sténé provizorni-
ho portdlu

Fig. 6 Cutting an opening through a diaphragm wall of the temporary portal
for the germ of Tunnel I

transverse direction by triangular haunches (100mm wide and 500mm
high). The basic cross section through the cut-and-cover part is derived
from the clearance profile of 8.50 x 4.50m, which is required for T-8.50
width category. The net width of the tunnel tube is 11,350 mm.

The net width in expansion block I-13 of Tunnel I, which is connected to
the mined part of the tunnel, is increased on both sides by 1300mm, to the
width of 13,950mm. This enlargement is designed to allow the installation of
power niches, an SOS niche and a hydrant niche in the enlarged part. In addi-
tion, a 600mm thick suspended slab and a connection to the ventilation gal-
lery will be located in this expansion block.

The ventilation duct is connected to the cut-and-cover tunnel at the first
expansion block; a portal service facility is located above the tunnel. As far
as Tunnel II is concerned, the width of the first expansion block is also enlar-
ged by 1300mm on both sides at the temporary portal so that power niches,
a hydrant connection and an SOS niche can be installed in them. It was, in
addition, necessary to design a space for cables (a chamber) above the roof
deck of this block through which the tunnel will be interconnected with the
portal service facility standing on the cut-and-cover tunnel and incorporated,
in addition, into an 8m high revetment wall. The newly provided cable space
and the space of a fire main shaft will have two independent entries with
covers in the terrain surface, under the footing of the revetment wall.

The lining of the ventilation duct is also designed as a cast-in-situ reinfor-
ced concrete frame structure, which will be constructed in a braced construc-
tion trench secured by 600mm-diameter piles with a capping piece at the wall
crown. The lining is 800mm thick; the roof deck is designed with a camber
of 1.50% on the upper surface. The inner net width of the ventilation gallery
is 8400mm; the net height is 2500mm.

The structural analysis of the cut-and-cover tunnels was carried out
using SCIA a.s. software. The assessment covered the basic expansion
block section and the section for which the increased height block was desig-
ned, where the maximum height of backfill reaches 5.5m. Among others,
traffic, which is carried above the tunnel in various construction stages, was
also taken into consideration in the structural analysis. A separate analysis of
loads and calculation of inner forces were carried out for all 14 expansion
blocks of Tunnel II. The reason is the high heterogeneity of the loading,
which results from the complicated spatial configuration of structures in the
tunnel overburden and complicated routes of roads above the tunnel. The use
of lightweight concrete and lightweight backfill is designed to minimise the
loads acting on the tunnel roof deck above Tunnel II, where the maximum
overburden height reaches up to 13.0m.

WATERPROOFING

Load-bearing structures are protected against ground water and rain water
effects by a closed waterproofing system covering the outer surface around
the whole tunnel circumference, using 3mm thick plasticised PVC membra-
nes. The cut-and-cover tunnel section at the temporary portal is virtually
completely under the water table. The demanding details of the joints betwe-
en the waterproofing of the cut-and-cover and mined tunnel sections are ade-
quate to this situation. The waterproofing is divided into sections by means
of water bars complemented by DNG6 injection tubes. An areal safety system
is installed in each section — DN10 injection tubes. All injection tubes are
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Obr. 8 Bednici viz
Fig. 8 Travelling shutter

s portdlovym technologickym objektem, stojicim na hloubeném tunelu
a zakomponovanym navic do 8 m vysoké zdrubni zdi. Nove zfizeny
kabelovy prostor a prostor Sachty pro pozdrni vodovod bude mit dva
samostatné vstupy s poklopy v terénu pod patou zarubni zdi.

Osténi vzduchotechnického kandlu je rovnéZ navrZeno jako Zelezobe-
tonovd monolitickd rdmova konstrukce, kterd bude zhotovena do rozpi-
rané stavebni jdmy paZené pilotami pruméru 600 mm s pievazkou
v koruné stény. Tloustka osténi je 800 mm, strop je navrZen se stfecho-
vitym sklonem horniho povrchu 1,50 %. Vnitini svetld Sitka vétraci
Stoly je 8400 mm, svétld vyska Cini 2500 mm.

Staticky vypocet hloubenych tunel byl proveden statickym softwa-
rem firmy SCIA a. s. U tunelu I je provedeno posouzeni zdkladniho
a zvySeného dilatacniho dseku s max. pfesypdavkou vysky 5,5 m. Nad
tunelem je mimo jiné v ruznych stadiich vedena doprava, se kterou bylo
taktéZ ve statickém vypoctu uvazovédno. U tunelu II byla pro vSech 14
dilatacnich celka provedena separdtni analyza zatiZeni a vypoCet vniti-
nich sil. Divodem je velkd raznorodost zatiZent, kterd je vyvoldna kom-
plikovanym prostorovym uspordddnim objektd v nadloZi tunelu
a komplikovanym vedenim komunikaci nad tunelem. Kvuli minimali-
zaci zatiZeni tunelového stropu jsou nad tunelem II, kde maximaln{
vyska nadloZi dosahuje aZz 13 m, navrzeny lehcené betony a lehcené

Z4asypy.

HYDROIZOLACE

Proti G¢inkum podzemni a povrchové vody jsou nosné konstrukce
chranény uzavrenou rubovou celopldstovou hydroizolaci z mékéeného
PVC tl. 3 mm. Hloubeny tunel v misté provizorntho portdlu je praktic-
ky cely pod trovni hladiny spodnich vod. Tomu odpovidaji i ndro¢né
detaily napojeni hydroizolace hloubenych a razenych ¢dsti tuneld.

Hydroizolace je rozdélena na sekce prostfednictvim tésnicich pdsu,
doplnénych o injektdZni hadicky DN6. V kazdé sekei je instalovdn plosny
pojistny systém — injektdzni hadicky DN10. VSechny rozvody jsou vyve-
deny do sbérnych injektazich krabic, osazenych v lici definitivniho osténi.

Hydroizolace hloubenych &asti bude napojena v misté provizorniho
portdlu na hydroizolaci raZenych tuneli. Rubovd ochrana izola¢ni f6lie
bude provedena celoplo$né poloZenou geotextilii minimélni graméze
500 g/m?. Ve dné a na stropni desce je izolace ochrénéna proti poskoze-
ni netkanou geotextilii minimdln{ gramaZe 800 g/m? a betonovou maza-
ninou (dno), respektive betonem s jednou vrstvou vyztuznych sit
(strop) nebo prizdivkou. Problematické jsou zejména detaily napojeni
hydroizolace v jednotlivych stadiich vystavby, vzhledem ke kolizi
s rozpérami stavebni jamy.

POSTUP VYSTAVBY

Postup vystavby musel byt prizptisoben ndvrhu rozepieni stavebni
jamy. V pfipadé tunelu I je u vétSiny dilatacnich celkt provddéna nejpr-
ve betondz zdkladové desky a posléze jsou na bednicim voziku prove-
deny stény spole¢né se stropem. Tento postup bohuZel nelze uplatnit
i v ptipadé tunelu II. Zde je nutno po betonézi zdkladové desky provést
betondZ Casti stén, prestavét rozpéry do definitivnich stén tunelového
tubusu, a teprve poté 1ze dokondéit zbytek stén a strop tunelu.

Obr. 9 Pohled shora na tunel I, vlevo tunel 11, v pozadi stropni deska defini-
tivniho portdlu

Fig. 9 View of Tunnel I; Tunnel II on the left side, the definite portal roof
deck in the rear

connected to collecting boxes embedded in the inner surface of the final
lining.

The waterproofing systems of the cut-and-cover parts and the mined tun-
nels will be joined at the temporary portal. The whole area of the waterproo-
fing membrane will be protected on the outer surface by a minimum 500g/m?
fleece. The waterproofing membrane on the bottom and the roof deck is, in
addition, protected against damaging by a minimum 800 g/m? non-woven
geotextile and concrete screed with one layer of welded mesh (on the roof
deck) or a retention wall. Namely the details of joining the waterproofing at
individual construction stages are problematic with respect to a collision with
the braces installed in the construction trench.

CONSTRUCTION SEQUENCE

The construction sequence had to be adjusted to suit the design for the con-
struction trench bracing. Regarding Tunnel I, the slab foundation is cast first
in the majority of expansion blocks; the walls and roof decks are cast subse-
quently using a travelling shutter. Unfortunately, this sequence cannot be app-
lied to Tunnel II. In this case, only part of the walls can be cast after comple-
ting the casting of the bottom. Then the braces must be repositioned to sup-
port the walls of the tunnel tube final lining. Only then can the casting of the
remaining part of the walls and the roof deck be finished.

FINAL PORTAL

The space in the final portal area is very constricted — there is a temporary
road touching the left side of the portal, diverting public traffic from the ori-
ginal six-lane road to a two lane road. The traffic volume reaches, according
to the last traffic census, 25,000 vehicles per day! This road cuts deep into the

Al

F
|

—

L.

Obr. 10 Hydroizolace hloubené cdsti
Fig. 10 Waterproofing of the cut-and-cover part
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Obr. 11 Definitivni portdl
Fig. 11 Definite portal

DEFINITIVNI PORTAL

Prostorové pomery v oblasti definitivniho portédlu jsou velmi stisnéné
— po levé strané probihd tésné provizorni komunikace, prevadéjici verej-
nou dopravu z puvodni Sestiproudé komunikace ve dvou pruzich.
Intenzita dopravy dosahuje podle posledniho s¢itdni 25 000 vozidel za
den! Tato komunikace je hluboce zafiznuta do svahu zafezu ulice Zabo-
vieskd. Na pravé strané navazuje portdl tunelu na vétev mimotroviové
vozovky HS5 a protihlukové galerie. Na stropni desce portdlu jsou ulo-
Zeny vnitrni stény galerif, pfes konstrukce galerif stropni deska prenasi
i zatiZeni 1lavky pro pési nad portdlem pres ¢tyfproudovou komunikaci.

Nosnou svislou ¢dst konstrukce portdlu tvorf po obou strandch pod-
zemni stény tlouStky 800 mm. Hloubka podzemnich stén je 21 m, mezi
tunelovymi troubami I a II tvor{ pazici podzemni stény vyztuzny pilit.
Stfedni stény obou tuneld jsou mezi sebou propojeny vyztuZnymi
dvéma pri¢nymi sténami rovnéz z podzemnich stén tl. 800 mm.

Podzemni stény jsou rozepfeny v definitivnim stavu deskami dna
tunelt a stropni deskou. Desky dna tunelu tloustky 800 mm jsou rozdé-
leny na dva dilatacni celky se zalomenymi pracovnimi spdrami.
V pii¢ném sméru je deska kloubové ,,vetknuta“ do podzemnich stén.

. 4/2009
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Obr. 12 Definitivni portdl tunelu, nad stropni deskou je ji zhotovena Cdst
galerie

Fig. 12 Definite tunnel portal with a part of the gallery above the roof deck
complete

slope of Zabovfeska Street open cut. On the right side, the tunnel portal is
connected to a ramp of grade-separated intersection H5 and a noise attenua-
tion gallery. Inner walls of galleries are placed on the portal roof deck; the
roof deck even carries the load imposed, through the gallery structures, by
a pedestrian bridge above the portal crossing a four-lane road.

The load-bearing vertical part of the portal structure is formed by 800mm
thick diaphragm walls on both sides. The diaphragm walls are 21.0m deep;
diaphragm walls form a supporting pillar between tunnel tubes I and II.
Central walls of the tunnel tubes are interconnected by two transverse walls,
also formed by 800mm thick diaphragm walls.

In the final state, the diaphragm walls are braced against each other by bot-
tom slabs and a roof deck. The 800mm thick tunnel bottom slabs are divided
into two expansion blocks with rebated day joints. Transversally, the slab is
“fixed” by a hinge in the diaphragm walls. The hinge is formed by two
250mm wide continuous grooves, which are milled to the depth of 75mm
into the diaphragm wall, at the upper and lower surface, with inclined holes
for R20 dowels drilled into them. The roof deck and the final portal ledge
form one expansion block above both tunnel tubes. In a cross section it is

designed as a two-span continuous beam. The

Protihlukova sténa
Noise attenuation wall

Jilova tésnici vrstva
“Sealing clay layer

VyztuZeny nasyp b - = =
Reinforced embankment ) i 2 )

— | S . (3
Opérna zed d % )

Retaining wall —>>< e

PRI

Lehky beton
Light-weight concrete

Tunelova trouba
Tunnel tube

Vrstva humusu a hliny
Humus and loam layer

SendviGovy nasyp
Sandwich embankment

Pazici konstrukce
Bracing structure

roof deck thickness of 1100mm is increased
above supports by means of longitudinal sills to
the resulting thickness of 2100mm. With a view
to the total area of 501m?, the casting was divi-
ded into two steps. A transverse day joint with
a split hinge was designed to be in the middle of
the length so that the influence of the structure
shrinking was minimised; the lag of the casting
was adjusted accordingly. The roof deck was
carried out at the end of December 2008; the
gallery above the roof deck has been partially
completed.

EMBANKMENTS OVER TUNNEL II

Tunnel tube II cuts into the slope under
Voronézsk4 Street. Above the tunnel tube, there
is a ramp of the intersection between Zabovies-
ké and Hradecka Streets, crossing it at an acute
angle, and high retaining walls with noise atte-
nuation walls. The height of the tunnel backfill
reaches up to 13m. Since the tunnel tube in the
cut-and-cover section is rectangular in cross-
section, it was very difficult to design the tunnel
roof deck for this overburden height. For that
reason, the weight of the Tunnel II overburden
was reduced in the critical section by the design
guaranteeing that the maximum equivalent
height of a common soil embankment did not

Obr. 13 Pricny rez lehcenym zdsypem
Fig. 13 Cross-section through the light-weight backfill

exceed 8m. The weight reduction comprises
two parts:
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Tuel

Kloub je tvoten dvéma vyfrézovanymi pra-
béznymi drazkami $itky 250 mm do hloub-
ky 75 mm do podzemni stény pri hornim
a spodnim povrchu, do kterych budou navr-
tdny Sikmé otvory pro trny R20. Stropni

Provizorni portal

naT X
Temporary portal

SO C 601 Tunel I, hloubena &4st ZabovFesky
Structure C 601 Tunnel |, Zaboviesky cut-and-cover part

deska a fimsa definitivniho portdlu tvorf
jeden dilatacni celek nad obéma tunelovymi
troubami. V pfi¢ném fezu je navrZena jako
spojity nosnik o dvou polich. Tloustka desky
1100 mm je nad podporami zesilena podél-
nymi prahy na vyslednou tl. 2100 mm,
Vzhledem k celkové plose 501 m?2 betonaz
probéhla ve dvou krocich. Pfi¢na pracovni
spara s vrubovym kloubem byla navrzena
v polovin¢ délky, aby byl minimalizovdn
vliv smr§téni konstrukce, Cemuz byl i pri-
zpusoben odstup betondze. Stropni deska
byla realizovdna ke konci prosince 2008,
v soucasné dobé je jiz ¢dsteéné provedena
galerie nad stropni deskou.

€ 601 Definitivni portél Zaboviesky

Final Zaboviesky portal
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NASYPY NAD TUNELEM II

Tunelova trouba II se zarezdvd do svahu
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pod ulici Voronézskd. Nad tunelovou trou-
bou probihd Sikmo pod ostrym tdhlem mimo-
tiroviiovd rampa kfizovatky ulic Zabovies-
kd—Hradecka4 a ddle také vysoké opérné stény s protihlukovymi sténami.
Z4syp tunelu dosahuje mocnosti aZ 13 m. JelikoZ tunelovd trouba ma
v hloubené &ésti obdélnikovy prifez, bylo velmi obtiZné nadimenzovat
strop tunelu na tuto vysku nadlozi. Proto bylo navrZzeno vyleh¢eni nadlo-
Z{ tunelu II v kritickém tdseku tak, aby maximalni ekvivalentni vyska
nésypu z bézné zeminy neptesahla 8 m. Vylehleni sestdva ze dvou ¢dsti:

e vrstva lehkého betonu s kamenivem LIAPOR frakce 4-8 typu
LAC 2/0,6. NavrZeny beton md objemovou hmotnost v suchém stavu
500-600kg/m3, po nasyceni vodou maximédlné 940 kg/m3. Lehky beton
bude vyplnovat prostor mezi paZzicimi sténami nad tunelovou troubou.
Vrstva betonu mocnosti do 4,2 m bude na povrchu uzaviena hutnym
podkladnim betonem. Zpevnéna plocha podkladniho betonu slouZi jako
podklad pro betondZ dhlové opérné zdi s vyskou driku az 11,5 m. Pfi
této vySce je problém s dimenzovdnim zdi na zemni tlak, a to
i s ohledem na zakotvené protihlukové stény v koruné stény. S ohledem
na uvedena fakta je navrZzena druhd ¢dst konstrukce nadloZzi;

* vyztuZeny vylehceny nasyp z kameniva LIAPOR frakce 8-16.
Naésyp bude proveden po vrstvach tloustky 500 mm. Vyztuz jednotlivych
vrstev je z jednoosych geomfizZi TENSAR. Mezi opérnou zdi
a vyztuZenym ndsypem bude ponechdna vzduchovd mezera Sitky
150 mm pro umoznéni deformace ndsypu a zamezeni bo¢niho tlaku na
zed. Posledni dvé vrstvy vyztuzeného ndsypu budou v Cele postupné
dotazeny k rubu opérné zdi. Celo v téchto vrstvich je nutno zpevnit sepa-
raéni a vyztuznou geotextilii. Ta musi prenést zatizeni od hutnicich
mechanismt pii provadéni nadloznich vrstev tak, aby nedoslo ke zbor-
ceni vrstev do volného prostoru §itky 150 mm mezi Celem vyztuzeného
ndsypu a rubem zdi. Nad vylehfenym ndsypem bude provedena tésnici
jilovd vrstva tloustky 500 mm. Méla by zamezit pronikdni vét§iho mnoz-
stvi srazkové vody do vysoce porézniho lehéeného ndsypu. Soucasné resi
jilové tésnéni i proveditelnost ndsledné vysadby zelen¢ v prostoru nad
tunelem do 1,5 m silné vrstvy humusu nad jilovym tésnénim.

Obr. 14 Situace
Fig. 14 Layout

ZAVER

V dobé vzniku €lanku byla jiz téméf dokonéena betonaz hloubeného
tunelu I, pripravovala se vystavba tunelu II a probihaly projek&ni préace
leh&enych zdsypu a lehéenych betont nad tunelem II. Po celou stavbu
probihé podrobny monitoring — méfeni deformaci stavebni jamy, zejmé-
na v blizkosti 12podlazniho objektu na ul. Voronézskd. Jsou méfeny
deformace u jiz zhotovenych a zatizenych dilata¢nich celku. V obou pii-
padech naméfené hodnoty odpovidaji predpokladim projektu.
K dal$imu prubéhu projekenich a stavebnich praci na hloubenych ¢ds-
tech Krdlovopolskych tuneli bychom se radi vrétili samostatnym piis-

v

pévkem v nékterém z pristich Cisel.
ING. JAROSLAV LACINA, jlacina@amberg.cz,
ING. LUBOMIR KOSIK, lkosik@amberg.cz,
AMBERG ENGINEERING BRNO, a. s.

Recenzoval: prof. Ing. Jifi Bartik, DrSc.

* A light-weight concrete layer using LIAPOR aggregate, fraction 4-8 of
LAC 2/0.6 type. The volume weight of this concrete in dry condition is 500
- 600kg/m* or maximum 940 kg/m? when saturated with water. The light-
weight concrete will fill the space between the retaining walls above the tun-
nel tube. The up to 4.2m thick concrete layer will be closed on the surface
by dense blinding concrete. The hard surfaced area formed by the blinding
concrete serves, in addition, as a base for casting of an angular retaining wall
with the shaft up to 11.5m high. At this height, there is a problem with desig-
ning the wall for earth pressure, also with respect to the noise attenuation
walls which are anchored in the wall crown. The second part of the over-
burden structure is designed taking into consideration the above-mentioned
facts.

* A reinforced light-weight embankment from LIAPOR aggregate,
fraction 8-16. The embankment will be carried out in lifts 500mm thick.
Individual layers will be reinforced by TENSAR uniaxial geogrid.
A 150mm wide air space will be left between the retaining wall and the
reinforced embankment to allow deformations of the embankment and
prevent side pressures from acting on the wall. The last two layers of the
embankment will be gradually joined to the reverse side of the retaining
wall. The front edges of these layers must be reinforced by separation and
reinforcing geotextile. It must carry the loads induced by compaction equ-
ipment during the work on the overlaying layers and prevent the layers
from collapsing to the 150mm wide free space between the front of the
reinforced embankment and the reverse side of the wall. A 500mm thick
sealing clay layer will be laid on the light-weight embankment. It should
prevent larger amounts of storm water from intruding into the highly
porous light-weight embankment. At the same time, the clay sealing sol-
ves the viability of subsequent planting in the space above the tunnel, to
a 1.5m thick layer of humus above the clay sealing.

CONCLUSION

At the time in which this paper was originating, the casting of the cut-and-
cover Tunnel I was nearly completed, the construction of Tunnel IT was under
preparation and the work on the design for the light-weight backfills and
light-weight concrete over Tunnel II was underway. Detailed monitoring has
been performed throughout the construction time. It has comprised measu-
ring of deformations of the construction trench, first of all in the vicinity of
a 12-storey building in VoronéZska Street. Deformations are measured on the
already completed and loaded expansion blocks. In both cases the measured
values comply with the design assumptions. We would like to come back to
the next development of the design and construction work on the cut-and-
cover sections of the Krdlovo Pole tunnels through a separate paper to be
published in one of the future issues.

ING. JAROSLAV LACINA, jlacina@amberg.cz,
ING. LUBOMIR KOSIK, lkosik@amberg.cz,
AMBERG ENGINEERING BRNO, a. s.
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ZKUSENOSTI Z REALIZACI SANACI ZELEZNICNICH TUNELU
EXPERIENCE IN REHABILITATION OF RAILWAY TUNNELS

JIRI MATEJICEK

uvoD

Kazdy tunel je svym zpusobem origindl, vyZaduje specificky pristup
a pouziti specifickych metod jak pro podrobny prizkum, tak pro projekt
a ndslednou sanaci. Ne vzdy je k dispozici kompletni dokumentace
k tunelu, nékdy jsou v ni nesrovnalosti a nejasnosti vzhledem k realité.
V prubéhu provozovéni tunelu také Casto dochdzi k dil¢fm sana¢nim zdsa-
him, které mohou ovliviiovat celkovy stavebné-technicky stav tunelu.

Firma AMBERG ENGINEERING Brno, a. s., se kromé projektovani
novostaveb tuneli zabyvéd také rekonstrukcemi tunell stdvajicich.
V nésledujicim textu jsou uvedeny obecné zdsady pristupu k sanacim
Zelezni¢nich tunelt a nésledné pifklady nékterych zajimavych realizaci
v Ceské a Slovenské republice.

NEJCASTEJSI TYPY POSKOZENI
V ZELEZNICNICH TUNELECH V CR

Obvyklé typy poskozeni, se kterymi je mozné se v tunelech setkat:

— statické naruSeni osténi (havdrie, aktivni trhliny v materidlu osténi),

— prusaky podzemni nebo prusakové vody z rubu na lic osténi, které
navic v zimnim obdob{ zpusobuji vznik ledopdd a rampoucha ohro-
Zujicich provoz v tunelu, dkapy vody ohroZuji trakéni vedeni nebo
jiné technologické vybavent,

— vyluhy — dusledek vyluhujiciho d¢inku prosakujici vody prispivajici
k degradaci materidlu osténi, dochdzi k zandSeni drendzi, dlouhodobé
mohou zmenSovat svétly profil tunelu,

—velké dutiny a kaverny za osténim — v kombinaci s geologickymi
poruchami a pritoky podzemni vody jsou zdrojem velkych problému
— pokud voda nemd kam odtéct, dochdzi k zavodnéni a v zimnim
obdobi k zamrznuti vody v kaverndch a ndslednym tlakim na ostén{
tunelu, na které neni osténi obvykle dimenzovdno,

— degradace materidlu osténi zpusobené ruznymi vlivy (klimatickymi,
provozem, atd.), koroze odhalené vyztuze — zeslabeni nosné funkce
osténi,

— koroze kovovych ¢asti vystrojeni tunelu,

— nefunkéni odvodnovaci zafizeni v rubu osténi nebo v kolejovém lozi,

— koroze ¢asti koleje v draznich tunelech — ohroZeni bezpecnosti provo-
zu na trati.

Ve vetsing starSich Zelezni¢nich tuneld se vyskytuje vice typt posko-
zeni najednou. Jejich pricina, vyznam a nutnost sanace se mohou lisit.
Investor musi jednoznaéné ur€it, co o¢ekdvd od sanace, respektive jaky
vysledny stavebni stav po dokonéeni sanacnich praci je pro néj prijatel-
ny. Ne vZdy je totiz vysledny efekt sanace stoprocentni. Napiiklad prisa-
ky vody jsou obvykle zdvislé na atmosférickych srdzkach a sanovat nebo

Obr. 1 Harrachovsky tunel — vychozi stav
Fig. 1 Harrachov tunnel — starting condition

INTRODUCTION

Any tunnel is, in a way, an original requiring specific approach and
specific methods to be applied to both the detailed survey and the design
and subsequent rehabilitation operations. Not always is
a comprehensive tunnel documentation package available or, someti-
mes, there are inconsistencies and uncertainties in the documents in
view of the reality. Partial rehabilitation interventions are often conduc-
ted during the tunnel operation period; they may affect the overall struc-
tural condition of the tunnel.

AMBERG ENGINEERING Brno, a.s. is engaged, apart from desig-
ning new tunnel structures, also in designing reconstructions of existing
tunnels. The text below presents general principles of approaching reha-
bilitation of rail tunnels, with several examples of interesting rehabilita-
tion operations in the Czech and Slovak Republics.

THE MOST FREQUENT TYPES OF DEFECTS IN RAILWAY
TUNNELS IN THE CZECH REPUBLIC

Common types of defects which can be encountered in tunnels:

- structural damage to the lining (collapses, active cracks in the lining
material),

- ground water or storm water seeping from the outer surface to the
inner surface of tunnel lining, which, in addition, cause the origina-
tion of icefalls and icicles in winter seasons jeopardising the traffic
in the tunnel; dripping water is a threat to the catenary or other tun-
nel equipment.

- extracts — a result of the leaching effect of seeping water; they con-
tribute to the deterioration of the lining material, blocking of drains;
the net tunnel profile may be reduced in the long term,

- big voids and caverns behind the lining — combined with geological
failures and groundwater inflows they are sources of serious pro-
blems — if water cannot flow off, they are inundated and, in winter
seasons, the water freezes in the caverns and subsequently develops
pressures for which the tunnel lining is usually not designed,

- deterioration of lining materials due to various effects (climatic
ones, traffic etc.); corrosion of exposed reinforcement bars — reduc-
tion in the structural function of the lining,

- corrosion of metal components of the tunnel lining,

- non-functional drainage on the outer surface of the lining or in the
ballast,

- corrosion of rail components in railway tunnels — a threat to opera-
tion safety on the rail line.

The majority of older rail tunnels display more types of defects at

a time. Their causes, significance and necessity for rehabilitation may
differ. The client must unambiguously specify what he expects from the
rehabilitation or which resulting state after the completion of the rehabi-
litation work is acceptable for him. This is because of the fact that the
resulting effect of the rehabilitation is not always perfect. Water leaks, for
instance, usually depend on precipitation and rehabilitating or waterpro-
ofing the entire tunnel is ineffective or financially very demanding.

SURVEY OPERATIONS

The necessary extent of survey operations and the methods to be used
are the first things to be determined on the basis of a preliminary tunnel
examination and studying archive design documentation.

Today the majority of older tunnels are unsuitable in terms of spatial
passability. The reason is the period in which the tunnels were built and
regulations valid at that time, but also by rehabilitation works which
were carried out earlier (centering, additional rehabilitation shotcrete,
improperly changed position of track etc.). There are various methods of
measuring the spatial passability, starting by a clearance gauge and pho-
togrammetry to continual scanning of the tunnel using 3D scanners.

A detailed condition survey or documentation of the tunnel lining,
possibly including adjacent revetment walls and portals, are necessary
not only for the documentation of the structural condition of the tunnel
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Pricny fez ¢. 4

Cross-section No. 4

Tunel pas ¢. 4/5 km 36, 833 56
Tunnel block No. 4/5, km 36. 833 56

r— Obrys vyrubu — Excavation contour

| Tyové injektované kotvy di. 1,0-3,0 m
Grouted rod-type anchors

| Foukany kacirek (tfidény, frakce 16/22)
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| Deskova izolace PE fl. 5 mm
Plate waterproofing — PE 5mm thick
SB (C-/35 XF1) /TYP 11, 1. 175 mm,
| swyztuzi
SC (C- /35 XF1) [TYPE Il/J1, 175 mm
thick, reinforced
| BRETEX, sit & 6/6/100/100 mm
BRETEX lattice girder; mesh 6/6/100/100 mm

Novy svétly obrys tunelu
New net tunnel contour

Stévajici svétly obrys tunelu

Existing tunnel contour

Cistici T-kus & 100 mm
™ Clean-out T-piece 100mm in dia.
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Drainage 150mm in dia
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2 xs Cable trough TK1 — AZD 25-100
SE % 1 puax 4, —' Drenéz svod & 100 mm

- . = - Cross-drain 100mm in dia

Provizorni kabelovy Zlab
TK1-AZD 25-100
Temporary cable trough
TK1-AZD 25-100
Stévajici stoka — Existing sewer

Obr. 2 Harrachovsky tunel — projekt sanace
Fig. 2 Harrachovsky tunnel — design of the refurbishment

izolovat proti prisakum preventivné cely tunel je neefektivni, respektive
finan¢né velmi ndkladné.

PRUZKUMNE PRACE

Na zdkladé predbézné prohlidky tunelu a prostudovéni archivni projek-
tové dokumentace se v prvni fadé stanovuje nutny rozsah pruzkumnych
praci a metody, které budou pouZzity.

V soucasné dobé vétsina star§ich tunelt nevyhovuje z hlediska prosto-
rové pruchodnosti. Je to ddno dobou vystavby a tehdy platnymi predpisy,
dfive provedenymi sanacemi (podskruZeni, dodate¢ny sanacni torkret,
nevhodné upravend poloha koleje) atd. Metody méfeni prostorové pra-
chodnosti jsou razné, od obrysnice a fotogrammetrie aZ ke kontinudlnimu
snimanfi (skenovdni) tunelu 3D scannery.

Podrobnd pasportizace nebo dokumentace tunelového osténi, pripadné
i navazujicich zdrubnich zdf a portalt, je nutnd nejen pro zdokumentova-
ni stavebniho stavu tunelu pro investora, ale také jako podklad pro pozdg;j-
§i projekt sanace tunelu. Je potfeba kvantifikovat rozsah vSech poskozeni
a jejich pravdépodobné pri€iny, aby se mohla efektivné navrhnout G¢innd
a technicky proveditelnd sanalni opatieni. Pasportizace se dd délat mnoha
zpusoby. Skupina firem AMBERG Group m4 k dispozici vlastni software
— TunnelMap. Tento software byl vyvinut pravé pro pasportizaci tunelt
a umoznuje primy graficky zdznam pasportizace do pocitace v tunelu.
Vystupy z této pasportizace jsou dobrym vychozim podkladem nejen pro
projekt sanace, ale také pro planovani financi na provoz a tdrzbu. Pi opa-
kovanych pasportizacich stejnou metodou je pak mozné kvantifikovat
postup a rozsifovéani poruch osténi nebo naopak tspésnost ¢i netispéinost
sana¢nich zdsahu (nejmarkantnéji napr. prusaky pies osténi).

Obvykle nejduleZitéjsi ¢dsti pruzkumi je stavebné-technicky pruzkum
materidli osténi. Na zdklad€ téchto pruzkumu lze stanovit kvalitu materi-
4lu, rozsah degradace pﬁsobem’m vlhkosti, mrazu, atd. Standardné se pro-
vadéji jadrové vrty a odbér vzorkl (ureni pevnostnich charakteristik,

pouzivaji geofyzikalni metody pro interpretaci komplikovanéjsich pomeé-
r za osténim.

DuleZitou souddsti pruzkumu pro projekt sanace je odbér vzorka pod-
zemni vody a posouzeni pripadné chemické agresivity na osténi.

VYHODNOCENI PRUZKUMNYCH PRACI

Vysledkem pruzkumu a méfenf by mély byt ndsledujici tdaje:

— Rozsah sanaci podle typu zpusobu poskozeni.

— Analyza prostorové prachodnosti.

— Mira poSkozeni materidlu osténi, jeho predpoklddana Zivotnost, efek-

tivnost jejich sanace nebo vymény za nové materidly.

Podle miry agresivity podzemni vody na konstrukce Ize volit vhodné

materidly pro sanaci.

Obr. 3 Harrachovsky tunel — realizace
Fig. 3 Harrachov tunnel — construction

for the client, but also as grounds for the subsequent design for the tun-
nel rehabilitation. It is necessary to quantify the extent of all defects and
probable causes of the defects so that effective and technically viable
rehabilitation measures can be designed. The condition survey can be
carried out in many ways. Amberg Group has TunnelMap, its own soft-
ware available for the group members. This software was developed
specifically for surveying conditions of tunnels; it makes computer
recording of the condition survey possible graphically, directly in the
tunnel. Outputs of the condition survey are good starting grounds not
only for the rehabilitation design but also for planning of operational
and maintenance costs. It is subsequently possible during repeated con-
dition surveys using the same method to quantify the progress and
expansion of defects in the lining or, conversely, the success or ineffec-
tiveness of the rehabilitation interventions (most markedly, for example,
seepage through the lining).

Usually the most important part of the surveys is the structural survey
of the lining materials. Results of these surveys are used for determining
quality of the lining materials, the extent of deterioration due to moistu-
re, frost etc. The standard practice is to carry out core holes and take
samples (for the determination of strength properties, material composi-
tion, chemical analyses etc.). In more complex cases, geophysical met-
hods are used for the interpretation of more complicated conditions
behind the lining.

Taking ground water samples and assessment of contingent aggressi-
ve chemical action on the lining is also important part of surveys for
a rehabilitation design.

ASSESSMENT OF SURVEY RESULTS

The surveys and measurements should provide the following data:

- The extent of rehabilitation operations assorted according to defect types.

- An analysis of spatial passability.

- The extent of damage to the lining material, the anticipated life
length of the lining material, effectiveness of the rehabilitation or
replacement by new materials.

Obr. 4 Bohuslavicky tunel — vychozi stav
Fig. 4 Bohuslavice tunnel — starting condition
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Schéma kotveni 1:50 — Anchoring configuration 1 : 50

Féaze 1 — mozno provadét v ¢astecnych vylukach

Phase 1 - work possible during partial track possessions

* Stavajici dievéné pazeni bude zcela odstranéno. Bude stanoven rozsah sanace
Existing timbering will be completely removed. The rehabilitation extent will be determined

* Pro zachovéani podpérného efektu skruze bude provedeno nové klinovani po vzd max.
1000 mm z dfevénych hranold, zajisténych dvojici klinti — Re-wedging will be carried
out to maintain the supporting effect of the centering, with wooden battens secured by
a pair of wedges, at maximum spacing of 1000mm

« V pfipadé nutnosti bude provedeno lokaini pfikotvent klenby samostatnou kotvou
If necessary, local tying-back of the vault by a separate anchor will be carried out

* Budou osazeny geodetické body — Survey points will be installed

« Povrch obezdivky bude nasledné ocitén otryskanim (po dobu tryskani budou geodetické
zrcétka sundéna). Véetné vycisténi spar — Surface of the lining will be subsequently clea-
ned by sand blasting (survey targets will be removed during the sand blasting). Inclusive
of joint cleaning

* Bude provedeno hloubkové spérovani - Deep pointing will be carried out

Poskozena obezdivka — zejména

2zvétralé nebo vypadané sparovani

Defective lining — mainly weathered joint fill |
or fill fallen from joints

Existing centering

Dotasné kl\'novénl'

MAX. 1000 mm
MAX. 1000 mm

Féze 2 - mozno provadét pouze v pinych vylukach
Phase 2 - full track possessions are necessary
 Bourani plivodnich skruzi — Breaking of original centerings
 Docasné osazeni sklolaminatovych siti Glasspree — pesah siti v pficném
i podéiném sméru minimainé na dvé oka (3 pasky) — Temporary installation
of Glasspree glassfibre reinforced plastic mesh — minimum overlapping of mats of
two meshes (three bands) both laterally and transversally
« Vrtani kotev a jejich osazeni (injektované kotvy, alternativné lepené kotvy)
Drilling for anchors and installation (grouted anchors, alternatively resin anchors)
« Aktivace kotev — Activation of anchors

Injektovana tycova kotva dl. 3,0 m — Groutgd rod-type anchor 3.0m long
Min. délka injektovaného kofene ve zdravg horniné 1500 mm
Minimum length of 1500mm for grouted rbot in sound rock

" ~ Ty
- ' o
): N
Sité s presahem fa dvé oka o

Mesh mats with operlaps over two meshes™ \\ >

Sklolam. roznéSeci deska 250x250 mm
= nebo & 200 mm - GRP face plate 250x250mm s
— or of 200mm in diametdr ne

Matka pro dotazen kotvy | W
Anchor tensioning nut

Materials suitable for the rehabilitation
can be chosen depending on the magnitude
of corrosive action of ground water on
structures.

REPAIR DESIGN

A single-stage detailed design is usually
required for smaller works — repairs.
Designs for more extensive operations —
reconstructions — are carried out in compli-
ance with a directive of the Railway
Infrastructure Administration, requiring
two design stages as the minimum (the
Conceptual design and the Design).

A usual problem to be solved by the
rehabilitation design is the extent of reha-
bilitation work (the preparation of
a detailed list of works and valuation of the
works) — it is often adjusted later, during
the works execution.
ey It is not always reasonable to solve all
details in the design. They can be derived
) from the technologies used. The impor-
tant thing is to define principles of the
L design and materials to be used for the
= rehabilitation.

1
| Vyztuzna sit z paskd Durglass,
——_! moznolKlast i v podéiném sméru

Reinfarcing mesh from Durglass bands,
installation in longitudinal direction also
— =T possible

4!
A\

= Works supervision; putting stress
f— on correctness of all workmans-
hip details

Professional technical supervision carri-
ed out either directly by the tunnel admi-

Obr. 5 Bohuslavicky tunel — projekt sanace
Fig. 5 Bohuslavice tunnel — rehabilitation design

PROJEKT OPRAVY

U mensich staveb — oprav — se obvykle jednd o jednostupnovou realiza¢-
ni dokumentaci. Pro vét3f stavby — rekonstrukce — se projektova dokumen-
tace zhotovuje podle smérnice GR SZDC a md minimdlné dva stupné
(Pfipravnd dokumentace a Projekt).

Obvyklym problémem u projektu sanace je rozsah sanacnich praci (sesta-
veni podrobného soupisu praci a jeho ocenéni) — Casto byva upresnovan az
piimo béhem provadéni.

Neni vzdy tcelné projektovat vSechny detaily, ty vyplyvaji z pouzitych
technologif, podstatné je definovat principy feSeni a vybér pouZitych mate-
ridll pro sanaci.

DOZOR PRI PROVADENI, DURAZ NA SPRAVNE PROVADEN(
VSECH DETAILU

Dulezitou souddsti sanace tunelu, kterd se vdze na projekt, je odborny
technicky dozor, provadény budto piimo spravcem tunelu, nezdvislym
odbornikem, nebo projektantem. Vzhledem k pouZivani specidlnich techno-
logif a materidlu je nezbytné nutné dozorovat provadéni praci prubézné (nej-
1épe nepretrzite), resit na misté detaily, kontrolovat spravny postup praci,
aby pripadné chyby mohly byt napraveny jest¢ béhem sanace a nemusely
byt feSeny az po predén{ stavby uZivateli. Velky duraz je nutno kldst zejmé-
na na provedeni detaild hydroizolace, drendznich svodnic, tésnéni hlav
kotev, napojeni sanovanych a nesanovanych ¢asti tunelu, apod. Jeden $pat-
né provedeny detail, $patné zvoleny materidl, apod.
muzZe znehodnotit celou sanaci tunelu v fadech desitek
miliona korun.

ZKUSENOSTI Z REALIZACI

Harrachovsky tunel - Sanace tunelovych
pasi TP2azTP5

V minulych obdobich byly v tomto tunelu provede-
ny zcela nevhodné a po nékolika letech prakticky ned-
¢inné sanacni zdsahy — injektdze, torkrety, hadicové
svodnice, dil¢i prezdivani obezdivky. Opadévajici
,sanacni* torkret v kombinaci s extrémnim zaledné-
nim v tunelové troubé byl jednim z divodu nevyho-
vujiciho stavu a predstavoval vysoké riziko pro dopra-
vu (obr. 1).

nistrator, an independent professional or

the designer is important part of the tunnel

rehabilitation process. Because of the fact
that special technologies and materials are used, it is essential to supervise the
works execution permanently (preferably continually), to solve details on site
and check the correct works procedure so that contingent errors can be cor-
rected early, during the rehabilitation, and it is not necessary to deal with them
later, after the handover of the works to the user. Great stress must be placed
first of all details of the waterproofing system, cross-drains, sealing around
anchor heads, connections between tunnel parts being rehabilitated and unt-
reated parts etc. A single poorly carried out detail, improperly chosen materi-
al etc. may depreciate the entire tunnel rehabilitation with a cost in the order
of tens of millions of CZK.

EXPERIENCE GAINED DURING THE WORKS

The Harrachov tunnel - rehabilitation of tunnel blocks
TP 2 through TP 5
In the past, this tunnel experienced absolutely improper rehabilitation inter-
ventions, which became after several years virtually ineffective, namely the
grouting, application of shotcrete, hose cross-drains, partial replacement of
the masonry lining. Crumbling “rehabilitation” shotcrete combined with
extreme amounts of ice in the tunnel tube were one of the reasons why the
condition became inadequate and the tunnel posed a high risk for traffic.
Taking into consideration significant water inflows into the tunnel, the
decision was made that the lining had to be completely replaced and new
intermediate waterproofing had to be installed. One of the main reasons for

Obr. 6 Bohuslavicky tunel — vysledek sanace
Fig. 6 Bohuslavice tunnel — rehabilitation results
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Vzhledem k vyraznym pritokum vody do tunelu bylo rozhodnuto o totdlni
vyméné osténi a provedeni nové mezilehlé hydroizolace. Jednim z hlavnich
divodu pro tento zpusob sanace byl dfive provedeny podrobny vrtny pru-
zkum osténi a horniny za osténim, z néhoz se dalo s vysokou mirou pravdé-
podobnosti odvodit stabiln{ skalni prostredi za osténim. Stdvajici obezdivka
past 2 az 5 ze Zulovych kvadru byla vybourdna a nahrazena novym samo-
nosnym osténim ze stifkaného Zelezobetonu tl. 175 mm. Izolace byla pro-
vedena z plastovych desek PE-HD s patnimi drendZemi. Rubova strana byla
vyplnéna drendznim $térkovym materidlem (obr. 2 a 3).

Jiz po provedeni prvni etapy (pasy TP 4 a TP 5) se predpoklady projektu
splnily a stejnd technologie byla pouZita i v navazujicim dseku (pasy TP 2
a TP 3). Z toho vyplyva, Ze pokud je mozné dosdhnout souvislé plné vylu-
ky v dostate¢né délce a pokud je investor schopen alespon po etapach tako-
vy typ opravy financovat z provoznich prostiedku, je mozné fesit sanaci
jakéhokoli raZeného tunelu obdobnym zptisobem — rychle a operativné.

Bohuslavicky tunel - nahrada podskruZeni kotvenymi sitémi

Pri posledni stavebni tpravé v Bohuslavickém tunelu v roce 1973 bylo
provedeno podskruZeni tunelu ocelovymi rdmy (kolejnicemi) a zapaZeni
obezdivky dfevénymi pazinami s uklinovanim. Podle archivnich podkladt
bylo podskruZen{ provedeno kvali zvétravajicimu sparovéni a vyjizdéni zdi-
cich kamena z klenby, tedy z divodu véZzného naruSeni obezdivky.
V &éstech bez podskruzeni bylo také zaznamendno poSkozeni nékterych
kvédru a zejména Spatny stav sparovani obezdivky.

Stav podskruzeni i viditelné obezdivky po 35 letech byl zcela nevyhovu-
jici — prusaky vody, vydfeva byla napadena hnilobou, kolejnicové spoje
silné zkorodované, vypadévéni dievénych klina (obr. 4).

V dobé pripravy projektu nebylo mozné z duvodu nedostatku vyluk
odstranit pazinky zakryvajici osténi na vétsi Casti tunelu, a tedy alespon
vizualné zjistit stav osténi. RealizaCni projekt proto vychazel zejména
z existujicich star§ich podklada.

Bylo navrZeno kompletni odstranéni podskruZeni a jeho nahrazeni systé-
mem prikotvenych vyztuznych licovych siti. Vzhledem ke klimatickym
podminkdm byly navrzeny nekovové (nekorodujici) materidly — sklolami-
ndtové vlepované a injektované kotvy a sité, v misté nejvétsich prasaka byla
navrzena dvoufézovd tésnici injektdZ (obr. 5 a 6).

Realizace potvrdila nutnost provadét prizkumy v piedstihu pred realizaci.
Pokud to neni moZné z Casovych, provoznich nebo jinych divodu, je nutné
fesit projekt variantné s tim, Ze zhotovitel a investor musi byt pfipraveni na
operativni zmény technologie sanace i rozsahu a7 v prabéhu realizace. Dnes
je mozné konstatovat, Ze navrzené felenf je vhodné pro vyse popsany zpusob
a rozsah poskozeni. Jednd se o jedine¢né a uspésné vyuziti jiz zndmych
a pouZivanych materidld a technologii ponékud odli§nym zptsobem.

Obr. 7 Banskostiavnicky tunel — vychozi stav
Fig. 7 Banskd Stiavnica tunnel — starting condition

this way of rehabilitation was the result of a detailed borehole survey of the
lining and the rock mass behind the lining, from which a stable ground envi-
ronment behind the lining could be deduced with a high degree of
probability. The existing lining of blocks No. 2 through 5, consisting of gra-
nite ashlars, was broken out and replaced by a new, 175mm thick, self-sup-
porting shotcrete lining. The waterproofing system consisted of PE-HD plas-
tic plates and toe drains. The space behind the outer surface of the lining was
backfilled with drainage gravel (see Figures 1 to 3).

The design assumptions were fulfilled already after the completion of the
first stage (blocks No. 4 and 5); the same technology was therefore applied
also to the adjacent section (blocks No. 2 and 3). It follows from this fact that
if full and continuous closing of a tunnel to traffic is possible at a sufficient
length of time and the client is able to provide operating funds for such a type
of repairs, the refurbishment of any mined tunnel can be solved in a similar
way — quickly and operatively.

The Bohuslavice tunnel - replacement of a centering by
anchored mesh

During the last construction work on the Bohuslavice tunnel in 1973, steel
frames (rails) were installed in the tunnel, acting as a centering, and the
lining was braced by timber lagging fixed by wedges. According to archive
documents, the centering was erected because the joint fills had been affec-
ted by weathering and masonry blocks had been falling from the vault as
a result of serious erosion of the lining. Some defective ashlars and, above
all, poor condition of the jointing were also registered in the parts without

the centering.

Predpokladany vyrub — Assumed excavation

Hydroizolace z nopové félie
Dimpled waterproofing membrane

Osténi ze stikaného betonu + 2x KARI sit
Shotcrete lining + 2x KARI mesh

Predpokladand geologicka porucha” -~ 7
Anticipated geological failure , ~
g

The condition of the cente-
ring and visible lining after 35
years was absolutely unsatisfac-
tory: seeping water, rotted tim-
bering, heavily corroded rail
joints, falling out timber wed-
ges.

The lagging covering the
lining within the major part of
the tunnel could not be remo-
ved during the design stage
because of insufficient closu-
res, thus even the visual exa-
mination of the condition of
the lining could not be carried

Prijezcnglprofil TPP-1 |
TPP-1 clefrance profile

PodéIna drenaz min. DN100,
s T-kusy pro napojeni do stfedové
stoky — Longitudinal drain min.
DN100, with connections to central
sewer through T-pieces

out. The detailed design was
therefore based mainly on

LEGENDA / LEGEND:

/ existing older documents.

The design required that the
centering be completely remo-
ved and be replaced by
a system of mesh reinforce-
ment tied to the surface by
anchors. With regard to the cli-
matic conditions, non-metallic
(non-corrosive) materials were
designed — fibreglass anchors

Zavitové ty¢ové kotvy R32 N 4 1.0 m
Threaded rod-type anchors R32 N4 1.0 m

Obr. 8 Banskostiavnicky tunel — projekt sanace
Fig. 8 Banskd Stiavnica tunnel — rehabilitation design

(resin bonded and grouted) and
mesh; two-stage grouting was




Obr. 9 Banskostiavnicky tunel — realizace (bourdni osténi, zkracovdni kotev)
Fig. 9 Banskd Stiavnica tunnel — rehabilitation works (breaking off the
lining, cutting the length of anchors)

Ackoli oprava Bohuslavického tunelu byla objemem praci a financi spise
mensi stavbou, ukdzala se jako velmi pozitivni stdld pfitomnost projektanta
a zdstupce investora na stavbé jako odborného dozoru. Viechna rozhodnuti
tykajici se zmén v technologii nebo v rozsahu praci oproti predpokladam
v projektu mohla byt uskute¢néna okamzité a primo na misté bez jakéhoko-
li zdrZeni.

Banskostiavhicky tunel

Banskostiavnicky tunel je dlouhy 1194 m. I pfes svoje pomérné nizké
stari (60 let) je tunel ve Spatném stavebné-technickém stavu. V osténi tune-
lu byly pouzity nevhodné materidly. Kamennd Cdst osténi je provedena pre-
vazne z ryolitu z mistniho kamenolomu, ktery je sice dekorativni, avak
porézni, a tudiZ namrzavy. Stejny materidl byl zcela nevhodné pouZit i jako
kamenivo do vétSiny betonu osténi. Navic betony jsou silné porézni
a nehomogenni.

Zasadnim problémem tunelu je prosakujici voda, kterd v zimnich obdo-
bich zamrzd a zasahuje do prijezdného profilu. Nekvalitni beton osténi
a jeho kamennd st z porézniho ryolitu zvétravaji a postupné degraduji.
Nejpravdépodobnéjsi pri¢inou deformaci klenby v podskruZenych tsecich,
jakoz i drceni nékterych spar mezi kameny osténi, byl tlak ledu na rub osté-
ni (obr. 7).

Na zédkladé vysledku prazkumnych praci byla navrzena rekonstrukce cel-
kem 101 ze 151 tunelovych pasu:

— statické zajisténi deformovanych tunelovych pasu. Tyto pasy byly pred

zapocetim  rekonstrukce docasné podepreny ocelovymi skruZemi
z kolejnic,

— vyfeSeni hydroizolace silné zamokfenych tunelovych pasu,

— nahrazeni nejvice poskozenych betonovych opér tunelovych past,

— vyména viech zdchrannych vyklenkd,

— ofetieni zvétrdvajictho kamenného osténi portdll tunelu,

— sanace predportdlovych zdrubnich zdi véetné jejich odvodnéni.

Celkové ndklady na realizaci sanace v tomto rozsahu byly jako jednord-
zov4 investice netinosné pro trat' regiondlniho vyznamu. Proto investor pri-
stoupil k realizaci po malych Céstech podle zdvaznosti stavu osténi v tunelu
a miry ovlivnéni provozu. V prvnich etapich realizace byl opraven usek
s nejvetsim poskozenim osténi, kde v minulosti dokonce doglo k zévalu.
Jednalo se o podskruzeny dsek délky cca 25 m (Ctyfi tunelové pasy). Sanace
spocivala v ubourdni osténi v tloustce cca 450 mm, vyrovnani povrchu stii-
kanym betonem, provedeni hydroizolaéni vrstvy z nopové fdlie a nasledné
zhotoveni nového osténi ze stifkaného betonu vyztuZzeného KARI sitémi.
Pfed zahdjenim bouracich praci byla pivodni obezdivka zajisténa ty¢ovymi
kotvami. Ty byly po odbourani zkraceny a ponechany jako trvaly kotevni
prvek (obr.8a9).

Unikétn{ bylo mimo jiné pouZitf hydroizola¢nich nopovych f6lif (obr. 10).

Hlavnimi problémy realizace byly relativné kratké terminy vyluk —
v jedné vyluce bylo mozno realizovat cca 1,5 tunelového pasu.
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designed for locations exhibiting the greatest seepage. (See Figures 4
through 6).

It was confirmed by the construction process that the surveys must be con-
ducted in advance of the works. If this is impossible due to the lack of time
or for operating or other reasons, the design must be solved in variants; both
the contractor and client must be prepared for operative changes of the reha-
bilitation technology and the scope of the works later, during the constructi-
on. It is possible today to state that the designed solution is suitable for the
above-mentioned type and extent of damage. It is an example of unique and
successful use of known and generally used materials and technologies in
a slightly different way.

Despite the fact that the Bohuslavice tunnel repair is rather small in terms
of the volume of works and finances, the permanent presence of the designer
and client’s representative on site, providing professional supervision, proved
to be very positive. All decisions regarding changes in the technology or the
scope of works compared with the design assumptions could be implemen-
ted immediately, directly on site, without any delay.

The Banska Stiavnica tunnel

The Banska Stiavnica tunnel is 1194m long. Despite its relatively low age
(60 years), the tunnel is in a poor structural condition. Unsuitable materials
were used for the tunnel lining. The rhyolite masonry, which was mostly used
for a part of the lining, is, on the one hand, decorative, on the other hand, it is
porous and, as a result, frost susceptible. The same material was used, abso-
lutely improperly, as aggregates for the majority of the lining concretes. In
addition, the concretes are heavily porous and inhomogeneous.

Seeping water is the crucial problem of the tunnel. It freezes in winter seasons
and extends into the clearance profile. The poor quality concrete lining and the
masonry part of the lining in rhyolite have been weathering and gradually degra-
ding. The most likely cause of deformations of deformations of the vault in the
sections supported by centering and crushing of some joints in the stone mason-
ry is the pressure exerted by ice on the outer surface of the lining.

The reconstruction of 101 tunnel blocks out of the total of 151 was desig-
ned on the basis of the results of the surveys as follows:

- Stabilising deformed tunnel blocks. These blocks were temporarily sup-

ported by steel frames from rails;

- Solving the problem of waterproofing tunnel blocks heavily affected by

water;

- Replacing the most damaged concrete side walls of the tunnel blocks;

- Replacing all SOS recesses;

- Treating the weathering stone masonry forming the tunnel portals;

- Rehabilitation of pre-portal revetment walls and the drainage of the walls.

Obr. 10 Banskostiavnicky tunel — hydroizolacéni nopovd folie
Fig. 10 Banskd Stiavnica tunnel — dimpled waterproofing membrane
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Obr. 11 Banskoigiavnickj tunel — dokonceny iisek sanace
Fig. 11 Banska Stiavnica tunnel - finished part of the refurbishment

Pred zahdjenim bouracich praci byly zpevnény prostory zaklddky mezi
osténim a licem vyrubu cementovou injektaZi tak, aby pri bourdni nedo$lo
k zdvalu.

Pres obezdivku bylo provedeno prikotveni predpoklddanych poruch za
osténim zavrtdvacimi ty¢ovymi kotvami. InjektdZ kotev v klenbé byla pro-
vedena dvouslozkovou PUR pryskyfici, v opéfe pak cementovou smesi.

Bouréni osténi probihalo po pasech délky 1 m v celém rozsahu osténi.

Timto postupem bylo dosaZeno tspor bouracich praci a zdroven tak vzni-
kl relativné rovny povrch pro pokladku de$tnikové hydroizolace.

Na kvalitu povrchu osténi ze stifkaného betonu mél zasadni vliv vybér
prefabrikované smési. Zdkladnim poZadavkem na beton byla kromé pev-
nostnich charakteristik zejména smrstitelnost stitkaného betonu (minimali-
zace vzniku smrstovacich trhlin).

Pri vrtdni kotev v oblasti difvéjsiho zdvalu se objevily silné pritoky vody.
Tento pritok se podafilo vyrazné omezit tésnici injektdZi provddénou primo
pri injektdZi kotev. Redukovany pritok vody byl sveden odvodnovacim 71db-
kem typu Omega do podélné drendze v paté opéry a ddle do stfedové stoky.
Hlavnim problémem pri této sanaci bylo ¢lenéni opravy na malé tseky.
Realiza¢ni tym byl pak nucen napojovat hydroizolaci a definitivn{ osténi ve
vice sparach v rdmci jednoho useku sanace.

ZAVER

Uvedené piiklady ukazuji, Ze vynaloZeni mensich finan¢nich ndkladt
a provadeni oprav v redlném Case (tehdy, kdy je to zapotfebi a bez zbytec-
nych odkladd) jsou vyrazné efektivnéjsi a v souctu levnéjsi, neZ ndkladné
investice na rekonstrukce celych tuneld nebo celych tratovych useku, kdy je
nutné navic respektovat a dodrZet poZadavky norem a legislativy jako pro
novostavby, coZ je v piipadé starych Zelezni¢nich tunelt jen velmi obtizné
technicky feSitelné.

Jako rozhodujici podklady pro zvoleni sprévného zpusobu a rozsahu
sanace jsou predevsim:

— definovén{ pozadavku na stav tunelu a traté po sanaci,

— odpovidajici (co nejpodrobnéjsi) diagnostika tunelu (prohlidky, prizku-

my, zamérent),

— shromézdéni viech dostupnych archivnich podklada,

—odbornd analyza pric¢in vzniku nevyhovujiciho stavu (efektivnejsi je

odstranit pri¢inu poruchy, neZ jeji dusledky).

Velmi duleZité je, aby byl hned na po&étku stanoven cil sanace. V piipadé
regiondlnich trati jde ve vétiné pifpadi o udrZeni existujictho stavu
a udrZeni miry bezpenosti provozu. Teprve ndsledné je vhodné posuzovat
i navazujici Useky trati, respektive celkové podminky na daném tratovém
tuseku. Neni obvykle vhodné stanovovat ,,premr$téné” pozadavky na kon-
krétni tunel, kdyZ na jinych dsecich trati tyto parametry stejné nebudou nebo
nemohou byt z jakychkoli jinych divodi dodrZeny.

ING. JIRI MATEJfC'EK, Jjmatejicek@amberg.cz,
AMBERG ENGINEERING BRNO, a. s.

Recenzoval: doc. Ing. Viadislav Hordk, CSc.

As a one-shot investment, the total costs of the rehabilitation work in the
above-mentioned scope are prohibitive for a rail line of regional importance.
For that reason the client divided the construction into small parts, according
to severity of the tunnel lining condition and the magnitude of the effect on
traffic. The initial stages of the works covered the section exhibiting the most
serious defects of the lining, in which even a collapse had occurred in the
past. It was an about 25m long section (four tunnel blocks) stabilised by the
centering. The rehabilitation comprised breaking off an about 450mm thick
layer of the lining, application of levelling shotcrete on the surface, installa-
tion of a dimpled sheet waterproofing membrane and construction of a new
shotcrete lining reinforced by KARI mesh. The original lining was stabilised
before the commencement of the works by anchor rods. When the breaking
off of the lining was finished, the length of the anchors was reduced and the
rods were left as a permanent anchoring element.

The use of the dimpled sheet membrane is also unique (see Figures 7
through 11).

The main problems for the works resulted from relatively short periods of
traffic closures; about 1.5 tunnel blocks could be completed during one clo-
sure.

The packing which filled the space between the lining and the excavated
tunnel wall, stabilised by cement grouting to prevent a collapse during the
breaking off operation.

The anticipated ground failures behind the lining were tied back by self-
drilling anchor rods, which were installed through the lining. Anchors in the
roof were grouted using PUR two-component resin, while cement grout was
used on side walls.

The breaking of the lining proceeded in steps, completing 1m long stret-
ches around the whole tunnel circumference.

Owing to this procedure, savings were achieved in the breaking off opera-
tions and, at the same time, a relatively even surface originated, allowing the
installation of the umbrella-type waterproofing system.

The quality of the surface was most of all affected by the selection of
ready-mix concrete mixture. The basic requirement for concrete was, apart
from strength-related characteristics, above all shrinkage of sprayed concrete
(minimisation of the development of shrinkage cracks).

Heavy water inflows were encountered during the drilling for anchors in
the area of the former tunnel collapse. The inflow rate was successfully redu-
ced by permeation grouting, which was carried out concurrently with the
grouting of anchors. The reduced water inflow was diverted via an Omega-
type drainage channel to a longitudinal drain at the toe of the side wall and
further to a central drainage duct. The main problem of this rehabilitation fol-
lows from the division of the repair operation into short sections. As a result,
the working team was forced to connect the waterproofing membrane and the
final lining at more joints within one section being rehabilitated.

CONCLUSION

The above-mentioned examples show that the system of spending smaller
amounts of financial expenditures carrying out repairs in real time (at the time
when they are necessary, without unnecessary delays) is significantly more
effective and, all in all, cheaper than expensive reconstructions of entire tun-
nels or entire track sections, where it is in addition necessary to comply with
requirements of standards and legislation applicable to new constructions,
which is a task technically very difficult to meet in the cases of old railway
tunnels.

The grounds crucial for the selection of a proper procedure and scope of
rehabilitation are above all:

- defining requirements for the condition of the tunnel and the track after

rehabilitation,

- adequate (as detailed as possible) tunnel diagnostics (inspections, condi-
tion surveys, geodetic surveys),

- collecting all available archive documents,

- carrying out an expert analysis of causes of the origination of the unsa-
tisfactory condition (removing causes is more effective than removing
their consequences).

It is very important for the rehabilitation to define at the very beginning its
objective. In the cases of regional rail lines it is usually to maintain the exis-
ting state and maintain the degree of safety. Only then is it reasonable to
assess even the adjacent sections of the track or overall conditions throughout
the particular route section. It is usually unreasonable to impose exaggerated
requirements for a particular tunnel when, for whichever reason, these requi-
rements will not be or cannot be met on other sections of the route.

ING. JIRI MATEJICEK, jmatejicek@amberg.cz,
AMBERG ENGINEERING BRNO, a. s.
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TUNEL UETLIBERG: PREMIERA NOVEHO
TUNELOVACIHO STROJE

UETLIBERG TUNNEL: PREMIERE OF NEW TUNNELLING
MACHINE

STEFAN MAURHOFER

POPIS STAVBY A REKAPITULACE

Tunel Uetliberg ve Svycarsku je nejdelii tunel na nové rychlost-
ni komunikaci zdpadniho obchvatu Curychu, kterd spojuje obchvat
Birmensdorf na zdpadé se statni ddlnici Curych—Chur na vychodg.
Tunel tedy spojuje dalni¢ni krizovatku Curych-zédpad s kfiZovatkou
Curych-jih (obr. 1).

Stavba tunelu Uetliberg se sklddd ze dvou soubéZnych, priblizné
44 km dlouhych tunelovych trub. Ob¢ trouby jsou propojeny kaz-
dych 300 m propojkami pro pési a kazdych 900 m propojkami pro
vozidla. Vyklenky SOS jsou instalovany po 150 m. Technologické
objekty se strojovnami jsou umistény u zdpadniho i vychodniho
portdlu. Tunel klesd od zdpadniho portdlu k vychodnimu
v podélném sklonu 1,6 %.

Cena stavby je pfiblizn€ 1,12 mld. §vycarskych franku.

Prace na hrubé stavbé zaCaly v breznu 2001 a tunel Uetliberg byl
uveden do provozu v kvétnu 2009.

GEOLOGIE

Ve sméru od zdpadu na vychod prochazi tunel Uetliberg pod
dvéma soubéZnymi hiebeny kopcu (Ettenberg a Uetliberg), mezi
nimiz lezi ddoli feky Reppisch. Maximdlni vySka nadloZi tunelu
pod kopcem Uetliberg je priblizné 320 m.

Nez se dorazilo k usekim molas Eichholzu (500 m) a Uetlibergu
(2800 m), musela razba projit tremi iseky mékké horniny (dseky
Gjuch, Diebis a Juchegg).

Horni sladkovodni molasa se sklddd ze stfidajicich se vrstev
obsahujicich vychozy tvrdého piskovce a vrstvy mékkého slinu
a variant obou vrstev. Obecné jsou vrstvy uloZeny horizontdlné.

Obr. 1 Stdtni silnice v oblasti Curychu
Fig. 1 National Highways in the Zurich area

PROJECT DESCRIPTION AND OVERVIEW

The Uetliberg Tunnel in Switzerland is the longest tunnel in
Zurich’s new Western Bypass Expressway, connecting the
Birmensdorf bypass in the west with the existing Zurich-Chur nati-
onal motorway in the east. Thus the tunnel links the Zurich-West
motorway interchange with the Zurich-South interchange (shown
in Figure 1).

The Uetliberg Tunnel project comprises two parallel tubes, each
about 4.4 km long. The two tunnel tubes are connected every
300 m by a transverse walkway and every 900 m by a transverse
roadway. The SOS niches are spaced 150 m apart. Portal stations
with machinery rooms are located at the west and east portals. The
tunnel falls with a gradient of 1.6% from the west portal to the east
portal.

The Project costs are about CHF 1.12 billion.

The carcass construction started in March 2001. The opening of
the Uetliberg Tunnel was in May 2009.

GEOLOGY

From west to east, the Uetliberg Tunnel passes under two paral-
lel ranges of hills (Ettenberg and Uetliberg) with the Reppisch
Valley in between. Maximum overburden of the tunnel under the
Uetliberg is about 320 m.

Before the molasse sections of Eichholz (500 m) and Uetliberg
(2,800 m) were reached, three sections of soft ground (Gjuch,
Diebis and Juchegg) had to be driven.

The upper fresh water molasse consists of interchanging strata
comprising hard sandstone outcrops and soft marl layers plus
a variation in the two strata.

Generally, the strata are flatly bedded.

The permeability of the marls is low. They can be considered as
more or less impervious. The sandstones have a low porosity but
moderate fissure water may occur owing to the fissures. Overall, it
is possible to assume a moderate permeability.

TUNNEL CROSS-SECTIONS

The horseshoe cross-section used in all of the soft ground secti-
ons (SG) and for the drill-and-blast excavation in the Eichholz
molasse section (MO-EIC) is about 14.70 m wide and about
12.70 m high (see Figure 3). The face area is roughly 143 to
148 m2.

The standard cross-section for the Uetliberg molasse section is
14.40 m wide and 14.20 m high (see Figure 4). The face area is
about 160 m2.

METHODS OF EXCAVATION

All of the soft ground sections were driven with the core method
of tunnel construction. Normally, temporary support measures
consisted of steel arches (HEM-180 girders spaced 1 m apart) and
a 25 cm thick layer of steel-fibre-reinforced shotcrete. The section
under the Ettenberg (Eichholz molasse section), which is about
500 m long, was excavated by blasting. Three drill-and-blast divi-
sions were used: crown, bench and base.
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Obr. 2 Podélny geologicky profil tunelu
Fig. 2 Geologic profile along the tunnel

Propustnost slind je mald a daji se povaZovat za viceméné nepro-
pustné. Piskovce jsou mdlo porézni, ale kvuli puklindm se muZe
vyskytnout puklinovd voda. Celkove se predpoklddala mirnd pro-
pustnost.

PRICNE REZY TUNELU

Pii¢ny fez, ktery se pouzil ve viech dsecich prochdzejicich mek-
kymi horninami (SG) a pro razby pomoci trhacich praci v useku
molasy Eichholz (MO-EIC), je priblizné 14,70 m §iroky a 12,70 m
vysoky (obr. 3). Plocha vyrubu je pfiblizné 143 az 148 m2.

Standardni pri¢ny fez v dseku molasy Uetliberg m4 $itku 14,40 m
a vysku 14,20 m (obr. 4). Plocha vyrubu je zhruba 160 m2.

METODY RAZBY

VSechny tuseky razby v mékkych hornindch se provadély
sekvenéni tunelovaci metodou. Normdln€ byla provizorni vystroj
tvorena ocelovymi oblouky (rdmy z t€zkych profila HEM-180 po

Tunnel excavation of the Uetliberg Molasse section was carried
out with a pilot tunnel boring machine (TBM Type Wirth TB III
500 E, diameter 5.00 m) followed later by a tunnel bore extender
(TBE Type Wirth TBE 500/1440) employing the undercutting
technology. With this technique, the cutting rollers work against
the rock’s tensile strength, which is much lower than its compres-
sive strength. The TBE extended the pilot tunnel to the final cross-
section diameter of 14.00 to 14.40 m. The head of the TBE con-
sisted of a two piece cutterhead body with six cutter arms. It rota-
ted on the inner kelly, which was braced and positioned in the
pilot tunnel and in the extended tunnel cross-section. The cutters,
which were offset both axially and radially from the tunnel axis,
were mounted on radially movable slides on the cutter arms.
When the six arm boring head rotated, the rollers were shifted
from an inner to an outer boring diameter. When the nominal
boring diameter was reached, the slides were retracted. Then the
continuously rotating head was shifted by one 20 cm advance
towards the face, and boring of the next round could begin.

Excavation support, which comprises Swellex rock bolts, cable

bolts, mesh and shotcrete (use of steel supports where necessary),

Plocha vyrubu
Excavation area = ca. 148 m?
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Obr. 3 Standardni pri¢ny rez pro mékké horniny a tsek s trhacimi pracemi
Fig. 3 Standard cross-section for soft ground and drill&blast sections

Obr. 4 Standardni pri¢ny rez pro tisek molasy Uetliberg
Fig. 4 Standard cross-section for Uetli molasse section




Obr. 5 Reznd hlava rozsifovaciho tunelovaciho stroje TBE
Fig.5 The TBE boring head

1 m) a 25 cm silnou vrstvou stifkaného dritkobetonu. Usek pod
horou Ettenberg (isek molasy Eichholz), ktery je dlouhy asi 500 m,
byl razen pomoci trhacich praci. PouZzivalo se horizontdlni ¢lenéni
Celby na kalotu, opéfi a dno.

Prii razbé tunelu v tdseku molasy Uetliberg se provadél pilotni
tunel s vyuzitim tunelovaciho stroje (TBM typu Wirth TB III 500 E,
primér 5 m). Po jeho vyraZeni ndsledovalo pouZiti rozSifovaciho
tunelovaciho stroje (Tunnel Bore Extender = TBE; typ Wirth TBE
500/1440), pracujiciho technologii podfezavani. Pri této technologii
pusobi feznd dldta proti pevnosti horniny v tahu, kterd je mnohem
mensi neZ jeji pevnost v tlaku. Strojem TBE se pilotni tunel rozsi-
fil na kone¢ny pramér pii¢ného fezu 14,00 az 14,40 m. Hlava stro-
je TBE byla dvoudilnd a méla Sest feznych ramen. Otdcela se na
vnitinim htideli, ktery byl zasunut a zafixovdn v pilotnim tunelu
a v roz§ifené Cdsti tunelu. Rezné néstroje, které byly vzdjemné
odsazeny axidlné i radidlné od podélné osy tunelu, byly osazeny na
radidlné pohyblivych sanich na ramenech fezné hlavy. Zatimco se
Sestiramennd feznd hlava otdcela, feznd dlita se posunovala smé-
rem od vnitintho pruméru razby k vnéj$§imu praméru vyrubu. Kdyz
bylo dosaZeno stanoveného pruméru vyrubu, sané se stdhly zpét.
Potom se posunula stdle se otacejici hlava o 20 cm vpred smérem
k Celu vyrubu a bylo mozZno zahgjit razbu dalSiho zébéru.

Vystroj vyrubu, kterd se sklddd z horninovych svorniki Swellex,
lanovych kotev, svafovanych siti a stfikaného betonu (s pouZzitim
ocelovych ramu v pripadé€ potieby), se osazuje ihned za feznou hla-
vou. Izolace proti vode, betonova protiklenba, prefabrikovany
obsluZzny kandl, blok s kabelovym kandlem a bo¢ni zdsypy byly
provadény pod zdvésem stroje TBE, ktery byl zavéSen na hornino-
vych svornicich osazenych ve stropé vyrubu. Betonovy prstenec
vnitfniho osténi a mezistrop se provadély ndsledné vzadu.

POROVNANI STROJNI RAZBY A RAZBY POMOCI
TRHACICH PRACI

Béhem roku 2003 probihala razba strojem TBE pét dnu v tydnu,
na dvé pracovni smény, od 7:00 hodin rdno do 22:00 hodin vecer,
celkem 14 hodin za den. Od 23:00 hodin vecer do 3:00 hodin rdno
se provadélo zajistovéani vyrubu a Gdrzbarské prace. Denni postupy
se pohybovaly mezi 5 a 7 m. Nejvyssi denni postup byl 12 m. Od
zaCétku roku 2004 byl zahdjen tfisménny provoz se zkrdcenou treti
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is installed right behind the cutter head. Waterproofing, concrete
invert, service duct (prefabricated elements), a cable conduit
block, and side backfilling were installed beneath the back-up equ-
ipment behind the TBE suspended from rock bolts in the ceiling.
The concrete ring of the inner shell and the intermediate ceiling
were installed successively later on in the rear areas.

COMPARISON OF MECHANICAL AND DRILL
AND BLAST HEADING

During the year 2003, TBE heading took place on five days per
week in two-shift operation: from 07.00 o’clock in the morning to
22.00 o’clock in the evening during 14 hours. From 23.00 o’clock
in the evening to 03.00 o’clock in the morning rock support and
maintenance work were done. Daily advances were between 5 m
and 7 m. The peak daily advance was 12 m. Starting at the begin-
ning of 2004, three-shift operation was adopted with a reduced
third shift responsible for support and maintenance work. So TBE-
heading took place also on five days per week, but from 06.00
o’clock in the morning to 22.00 o’clock in the evening without
a break, remaining support and maintenance work from 22.00
o’clock in the evening to 06.00 o’clock in the morning. This new
working schedule yielded average daily advance ranging from 9 m
to 11 m. The peak daily advance was 16.5 m. In the back-up zone,
all of the work on the invert - which means invert arch, service
duct and backfilling - was carried out simultaneously with hea-
ding.

The previously completed pilot tunnel of 5.0 m in diameter was
driven in three-shift operation with an average advance of
20 m/day. The peak advance rate was 42.6 m/day.

This yields an average advance of mechanical driving for the
entire cross-section of about 6.6 m/day, including finishing of the
invert in the back-up zone.

Drill-and-blast heading was done on a two-shift basis, five days
per week from 06.00 o’clock in the morning to 22.00 o’clock in the
evening, followed by mucking and completion of maintenance
work. Crown heading regularly produced advances of 6 m/day,
with a peak daily advance of 8 m. Core, side wall benches and
invert excavation followed completion of the crown heading with
an advance rate of 8 m/day. This yields an average advance of
drill-and-blast heading over the entire cross-section of 4 m/day,
without completion of the invert installations.

The cost comparison for excavation and support, not including
seal supports or installations, showed that TBE heading was less
costly than drill-and-blast. If the cost of removing the additional
excavation debris is taken into account, produced by TBE heading
as a result of the larger cross-section, the drill-and-blast’s cost
disadvantage is cut in half.

Obr. 6 Sekvenéni metoda pro vSechny raZby v mékkych hornindch
Fig. 6 Core method for all soft ground heading
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sménou, kterd odpovidala za zaji$téni vyrubu a ddrzbu. Razba stro-
jem TBE se tedy konala také po dobu péti dnu v tydnu, aviak bez
prestavky od 6:00 hodin rdno do 22:00 hodin vecer. Zbyvajici zajis-
teni a udrzbarské priace byly provddény od 22:00 hodin veer do
6:00 hodin rdno. Toto nové rozvrzeni pracovni doby vedlo
k primérnym dennim postupum v rozmezi od 9 do 11 m. Nejvyssi
denni postup byl 16,5 m. V oblasti zdvésu byly provddény soucas-
né s razbou vSechny préce ve dné, to znamend provddéni protiklen-
by, obsluzného kandlu a zpétnych zédsypu.

V predstihu dokoncéeny pilotni tunel o priméru 5 m se razil
v tiisménném provozu, prumérnou rychlosti 20 m/den. Nejvyssi
rychlost postupu byla 42,6 m/den.

Vyslednd prumérna rychlost postupu strojni razby pro cely profil
byla priblizné 6,6 m/den v¢etné dokonceni dna v oblasti zavésu.

Razba pomoci trhacich praci se provadéla ve dvousménném pro-
vozu, pét dni v tydnu, od 6:00 hodin rdno do 22:00 hodin veder,
s naslednym odvozem rubaniny a provddénim ddrZzbarskych praci.
Pri razbé kaloty se pravidelné dosahovalo vykonu 6 m/den, nejvys-
§1 denni postup byl 8 m. Razba opéfi a protiklenby nédsledovala po
dokonéeni razby kaloty rychlosti 8 m/den. Vysledkem byla pramér-
nd rychlost postupu razby celého profilu pomoci trhacich praci
4 m/den (bez dokondeni instalaci ve dné).

Porovnéni ndkladd na raZbu a zaji$téni vyrubu, bez zapoclteni
podpor izolace a instalaci, ukdzalo, Ze razba strojem TBE byla
méné ndkladnd neZ razba s pouZitim trhacich praci. Pokud se zapo-
¢tou ndklady na odklizeni a dal§i nakldddni rubaniny z raZby stro-
jem TBE vzniklé v dusledku vétsiho profilu razby, ndkladova nevy-
hodnost pouZiti trhacich praci se sniZi o 50 %.

SHRNUTI

Na zdvér je mozno informovat o pozitivnich vysledcich po pro-
vedeni 1900 metru razeb v mékké hornin€ a uloZeni 10 000 tun
oceli. V prubéhu tohoto dvouletého obdobi bylo dspéiné vyraZeno
1900 metra tunelu v mékké horniné. Rychlost razeb, kterd byla
v nabidce zhotovitele stanovena na 1,2 m za den pro cely profil
s plochou 148 m?, byla dosaZena a dokonce prekrocena.
Systematickd montdZ ocelovych rdma umoZnila organizovéni Gcin-
ného a predvidatelného procesu razby prakticky bez neprijemnych
prekvapeni a komplikaci, pres vyjime&nou ruznorodost geologic-
kych utvara. Celkové zajisténi na Celbé a zajisténi dil¢ich vyruba,
provddeéné kotvenim Cela vyrubu a cementovymi injektdZemi, fun-
govalo v kterémkoli okamzZiku.

Uspéiné rozsifovani obou tunelovych trub v tseku molasy
Uetliberg ukézalo, Ze technologie podfezavani funguje dobre.
Pusobenim na pevnost horniny v tahu namisto pevnosti v tlaku bylo
mozné snizit mnozstvi vynaloZené energie priblizné o 50 %.
Presnost vyrazeného profilu byla velmi dobra.

Strojni razba strojem TBE v tunelu Uetliberg umozZnila zmenseni
rozsahu zaji$téni vyrubu ve srovnani s razbou pomoci trhacich praci.

Diky trvale provddénému vyhodnocovani horninovych poméru
bylo mozné provadét strojni razbu velkych profili v molase bez
pouZiti betonovych dilcd osténi. Aby bylo pouziti této metody
lspésné, byl proveden vybér predem definovanych typa zajisténi
horniny. Zajisténi se muselo instalovat hodné vpredu, ihned za fez-
nou hlavou.

Ve skute¢nosti bylo z divodu vétsiho profilu nutno odvazet vice
rubaniny, avSak Cdst tohoto materidlu se dala pouZit na zdsypy
viech obsluznych kandla v tunelovych dsecich.

Vezmeme-li v ivahu vSechny faktory, prokazalo se, Ze razba stro-
jem TBE v tseku molasy Uetliberg byla ekonomicka.

Objednatel: Stavebni drad kantonu Curych, Odbor zakladan{
staveb, Utvar stétnich silnic a ddlnic
Projektant: Amberg Engineering Ltd.

Stavebni dozor: Amberg Engineering Ltd.
Zhotovitel: Uetli Joint Venture
Pruizkum: Amberg Technologies Ltd.

STEFAN MAURHOFER,
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Obr. 7 Reznd hlava stroje TBE miji propojku pro pési
Fig. 7 TBE-cutterhead passing an accessible cross-passage

SUMMARY

In conclusion, positive results can be reported after 1,900 meters
of tunnelling in soft ground and the installation of 10,000 tonnes
of steel. During this two-year period, about 1,900 meters of tunnel
has been driven successfully through soft ground. The excavation
rate specified in the contractor’s bid, 1.2 m advance per day over
the entire cross-section of 148 m? was achieved and even excee-
ded. The systematic installation of steel supports has made it
possible to organize efficient and predictable tunnelling progress
practically free of unpleasant surprises and complications despite
these exceptionally heterogeneous geological formations. Overall
support at the working face and support of the partial cross-secti-
ons was insured at all times with face anchors and cement injecti-
ons.

The successful enlargement of the two tubes in Uetliberg molas-
se section showed that the back-cutting technology functions well.
It was possible to reduce the energy output by some 50% through
working against the rock’s tensile strength rather than its compres-
sive strength. The cross-sectional accuracy was very good.

The mechanical heading with the TBE in the Uetliberg tunnel
allowed reducing the excavation support, compared to drill and
blast heading.

It was feasible to mechanically drive large cross-sections in the
molasse without the aid of concrete segments by constantly asses-
sing the rock conditions. To be successful with this method,
a selection of pre-defined types of rock support was made. The
rock support had to be placed well forward, behind the cutter-head.

In fact there was more excavated material to remove because of
the larger cross-section, but a part of this material could be used to
backfill all service ducts in the tunnel sections.

All things considered the mechanical heading with the TBE pro-
ved to be an economic way to drive through the Uetliberg molasse
section.

Client: Baudirektion Canton of Zurich, Foundation
Engineering Office, Dept. for National
Highways and Trunk Roads
Project design: Amberg Engineering Ltd
Job Site Supervision: Amberg Engineering Ltd
Contractor: Uetli Joint Venture
Survey: Amberg Technologies Ltd.

STEFAN MAURHOFER,
AMBERG ENGINEERING Ltd, Switzerland
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JAK SE RODI TUNEL - STUDIE PROVEDITELNOSTI
MESTSKEHO TUNELU V CESKEM KRUMLOVE

HOW A TUNNEL IS BORN - FEASIBILITY STUDY
OF AN URBAN TUNNEL IN CESKY KRUMLOV

VLADIMIR PRAJZLER, PAVEL PASKA, LUKAS MASIN, JIRI CINKA, LUMIR LUSTICKY

uvoD

Jsou mésta, kterd z historického pohledu berou ¢lovéku dech. Atény,
Benitky, Praha, Cesky Krumlov se krdsou vyrovnaji diviim piirody
a vzbuzuji v ¢lovéku pychu na to, co vytvoril. V némém Gzasu zhliZi-
me na dila, kterd postavili nasi davn{ predci v naprosté dokonalosti,
bez mnoha stupnu planovanl autocadu, 3D modelt a Vypocetnlch pro-
gramti. Cechy si své vyjime&né postaveni v Evropé ziskaly mimo jiné
diky vydatnosti svych nerostnych zdsob. Stard hornickd mésta Jihlava,
Kutnd Hora, Jachymov, Pfibram, Kagperk, Novy Knin, Jilové a Cesk}’/
Krumlov podporovala dspéchy Ceského stdtu ve stredovéku a bez
jejich piinosu by Cechy a Morava pravdépodobné uz ddvno zmizely
z mapy Evropy. Historickd centra téchto mést odrazeji jejich byvalou
sldvu a bohatstvi.

Stavbu novych tunelii jsme zatim v Ceské republice zvykli vidat
pouze na ddlnicich a ve velkych méstech — v Praze a v Brné. Vyjimkou
je jen tunel Hrebe¢ a hloubeny tunel na obchvatu Jihlavy. Dostupnost
novych technologii a moZnost Cerpat finance z evropskych zdroju otvi-
raji prilezitosti premyslet o tunelovych stavbéch i v jinych lokalitdch,
neZ na dalni¢ni siti a v metropoh’ch Pritom nekterd mista se pro stav-
bu tunelt piimo nabizeji — viz napf. obchvat Vrchlabi na silnici 11/295
z Prahy do Spmdlerova Mlyna, kde velky spdd silnice vedené
v hlubokém zdrezu &ini problémy predev§im v zimnich mésicich.
Dal§im piikladem je i Objizdkova ulice na silnici 1/157 v Ceském
Krumlové, kterd byla vybudovéna v roce 1964 jako jeden z prvmch
méstskych obchvatl v jiznich Cechéch, prochazejici skalnim zafezem
na okraji brehu Vltavy — viz obr. 1, jejiZ ndhradou by se mél stdt pravé
navrhovany tunel.

V minulém stoleti nebyl dostatek finan¢nich zdroju ani zkuSenosti
pro stavbu tunel v Ceské republice — kromé metra v Praze. Uspéind
realizace fady silni¢nich a Zelezni¢nich tunelt v poslednich letech,
obrovsky nérust automobilové dopravy a zvysené poZadavky na eko-
logické aspekty, ddvaji predpoklady pro vyuziti tunelovych staveb
v daleko vétsi mite.

Stfedovéké sidlo proslo bohatou historif, a to bez ni¢ivych poziru &
vojenskych taZeni. Diky tomu si mésto uchovalo svuj historicky cha-
rakter a patfi mezi nejzachovalej$i celky méstské architektury u nds
i ve svéte. Jako vyznamnd pamdtkova rezervace s vice neZ tfemi sty

Obr. 1 Letecky sm’meky Ceského Krumlova s vyznadenim trasy tunelu
Fig. 1 Aerial photo of Cesky Krumlov with the tunnel route layout

INTRODUCTION

There are towns breathtaking for people from the historical point of
view. Beauties of Athens, Venice, Prague or Cesky Krumlov, equalling
the wonders of nature, raise pride in people in what they have created.
Struck dumb, we look down at the pieces of work which was carried out
by our ancestors, absolutely perfectly, without many planning stages,
the AutoCad software, 3D models and computation programs. Bohemia
won its unique position in Europe, among others, due to yield of its
mineral resources. The success of Czech politics in the Middle Ages
was supported by the old mining towns of Jihlava, Kutnd Hora,
Jachymov, Piibram, Kasperk, Novy Knin, Jilové and Cesky Krumlov.
Without their contribution, Bohemia would have disappeared from the
map of Europe ages ago. Historic centres reflect the past glory and
wealthiness of these towns.

We are accustomed to seeing construction of new tunnels in the
Czech Republic only on motorways and in big cities, Prague and Brno.
The only exception is the Hiebe¢ tunnel and a cover-and-cut tunnel on
the Jihlava by-pass road. The availability of new technologies and pos-
sibility of drawing funds from European sources has opened up oppor-
tunities to consider construction of tunnels even in other locations than
on the motorway network and in big cities. Some locations even offer
the opportunity for tunnel constructions — for example the by-pass of
Vrchlabi on 11/295 road from Prague to Spindleriv Mlyn, where the
steep gradient of the road running in a deep open trench creates pro-
blems, most of all in winter seasons. Another example is Objizdkova
Street (By-pass Street) on II/157 road in Cesky Krumlov, leading in
a rock cut on the Vltava River bank (see Fig. 1), which was built in
1964 as one of the first town by-passes in Southern Bohemia. The tun-
nel being currently proposed should replace this road alignment.

With the exception of the metro construction in Prague, there was
a lack of funding and experience for tunnel constructions in the Czech
Republic in the past century. The successful construction of many
road/railway tunnels during the past years, the immense increase in the
volume of motor-vehicle traffic and higher environmental requirements
have formed preconditions for the use of tunnel structures to a much
larger extent.

The medieval town of Cesky Krumlov has a chequered history
behind it, without devastating fires or wars. Owing to this fact, the town
has kept its historic character and belongs among the best preserved
complexes of urban architecture both in the Czech Republic and world-
wide. As a significant heritage site with over three hundred ancient
monuments, the town was inscribed on the UNESCO World Heritage
List of cultural and natural properties in 1992. As the only Czech town,
it was rated 16th in the list of 109 world’s most beautiful historic desti-
nations, which is published by National Geograpic Traveler, a world-
wide prestigious magazine. The growing popularity of the town has also
been reflected in the number of visitors, which has increased by tens of
per cent since 2002. In 2008, there were up to 200 thousand vehicles
and 7 thousand coaches on parking lots in the town, and the total num-
ber of visitors reached up to 1 million 200 thousand (over 50% of them
arrived by cars). Poor transport accessibility, the missing incorporation
of the region into the international motorway network and the deterio-
rating traffic situation in the town form a limit to the attendance rate.
The high traffic flows which were proved during a census in 2005, the
growing number of visitors to the town and the preparation of the con-
struction of the D3/R3 motorway prodded the municipality into orde-
ring this study, with a financial contribution from the State Fund for
Transport Infrastructure.
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chrdnénymi objekty bylo mésto zapsdno v roce 1992 do Seznamu
sveétového kulturniho a prirodniho dédictvi UNESCO. Jako jediné
Ceské mésto bylo v roce 2008 zafazeno na 16. misto seznamu 109 nej-
krasnéjsich historickych mist svéta, ktery sestavuje prestizni svétovy
Casopis National Geographic Traveler. Rostouci popularité mésta
odpovidd i poet navstévnika, ktery se od roku 2002 zvysil o desitky
procent. V roce 2008 bylo na parkovistich mésta az 200 tisic vozidel
a 7 tisic autobusu a celkovy poCet navstévniku doséhl az 1 milion 200
tisic, z nichz vice nez 50 % pfijizdi v osobnim automobilu. Limitem
rastu ndv§tévnosti je $patnd dopravni dostupnost, nenapojeni regionu
do mezindrodni ddlni¢n{ sité a zhorSujici se dopravni situace ve mésté.
Vysoké intenzity dopravy prokdzané pfi s¢itdni v roce 2005, narustaji-
cf podet navitévnika mésta i priprava vystavby délnice D3/R3 vedly
mésto k zaddni této studie s finannim prispévkem Stdtniho fondu
dopravni infrastruktury.

Tunel délky 516 m a novy most pres Vltavu jsou soucdsti prelozky
silnice II/157, jeZ m4 odleh¢it predpoklddané z4tézi krizovatky na sil-
nici [/39 a I1/157 u Pordkova mostu, odklonit tranzitni dopravu dile od
centra a snizit hlukovou zatéZ na pamétkové chranénou zénu — viz obr.
2. ZlepSeni dopravni dostupnosti podpofi vyznamné rozvoj cestovniho
ruchu a spole¢né s napojenim rozvojovych ploch a revitalizovanych
aredlu tak stavba umozni dalsi ekonomicky rozvoj mésta a feSeni
zameéstnanosti.

Na hlavni tah z Ceskych Budgjovic k Lipenskému jezeru do Cerné
v PoSumavi se ve mésté pripojuje silnice II/157 od Kaplice.
Komunikace s novym mostem pies Vitavu a tunelem spoji kfizovatku
na predmésti Ceského Krumlova na silnici I/39 pifmo s kfizovatkou
silnic 11/157 a 11/160. Zaroven se pocitd s napojenim nové planova-
nych ploch podél Vltavy, které budou slouZit prevdzné rekreaénim
a dal§fm G&elim, vyhodou bude i zkrdceni cesty k autobusovému néad-
razi a k nemocnici. Studie stabilizuje trasu prelozky silnice I1/157
a provadi jeji posouzeni z hlediska umistnéni, vystavby, splnéni poza-
dovaného dopravniho déelu, vlivu na Zivotni prostredni a efektivnosti
vynaloZenych finan¢nich prostiedku.

VYCHOZ[ UDAJE

V digitdlnim véku mame daleko vice moZnosti pfi obstardni podkla-
du, které si shromazdime v pocitadi a které ndm slouZi pro pripravu
projektu. Katastralni mapa zdjmového tizemi, zdkladni mapa CR,
zakresleni stdvajicich siti od jednotlivych spraveu, ortofotomapa,
tizemni pldn mésta Cesky Krumlov, dopravné-inZenyrské posouzeni,
geologické podklady, mapa poddolovanych tdzemdi, vSe je k dispozici
v oteviené formé. K tomu moZnost doplnéni o geodetickd méren{
vlastnim servisem nas{ firmy.

Kromé jedndni se zdstupci méstského iradu, rozhodujicich investort
rozvojovych lokalit, bylo pro feSent trasy tunelu a navazujicich kfizova-
tek rozhodujici vyjadfeni Hasi¢ského zachranného sboru a Policie CR.

INZENYRSKOGEOLOGICKE HODNOCENI

Z4jmové tizemi se nachdzi severovychodné od centra Ceského
Krumlova. Je tvofeno elevaci ohrani¢enou prikrymi svahy, kterou ze
zapadu, severu a vychodu obtékd feka Vltava. Maximadlni kéta povr-
chu je 525 m n. m., coZ je zhruba 50 m nad hladinou Vltavy.

Zakladni horninou skalniho podkladu jsou jemnozrnné biotitické
pararuly a migmatity s loznimi zilami aplitickych Zul aZ aplita. Trasa
uvazovaného tunelu leZi v pestré sérii krumlovské, kde se stiidd rada
krystalickych a magmatickych hornin. Je to uzemi petrograficky
i tektonicky velmi sloZité, charakteristické velkym mnozstvim riznych
hornin. Uzemi je bohaté na piirozené vychozy podél strmych bieht
Vltavy. Prevazujici pararuly jsou ve zdravé formé tence bridli¢naté,
Sedohnédé az Sedocerné barvy, v povrchovych partiich vétSinou znac-
né rozpukané, rezavé hnédé, kryté mdlo mocnou vrstvou hlinitopis¢i-
tych silné slidnatych eluvii. Obsahuji fadu vloZek odchylnych hornin
— kvarcity, krystalické vdpence, na které byvaji vazany polohy grafi-
tickych rul, ddle amfibolity, erldny atd. Komplexem vySe uvedenych
hornin pestré krumlovské série pronika fada loznich i pravych Zil leu-
kokratni Zuly. Objemovd hmotnost téchto hornin se pohybuje od
2,6-2,75 g/cm? a pevnost v prostém tlaku od 50-200 MPa.

V krystalickych hornindch je vhodné v rdmci inZenyrskogeologic-
kého prizkumu realizovat strukturni analyzu masivu zaloZenou na
strukturnim méfen{ ploch nespojitosti geologickym kompasem. Tento
postup vyuZivé principt Goodmanovy metody a vychdzi z faktu, Ze
geometrie téles v prostoru je uréena vzddlenosti oddélujicich ploch
a orientaci takto vzniklého télesa k témto meznim plochdm. Analyzou

Tuel

The 516m long tunnel and a new bridge over the VItava River are
parts of the II/157 road diversion project, which is intended to reduce
the anticipated traffic flow on the intersection between the 1/39 and
11/57 roads near the Pordkuv Bridge, divert transit traffic further from
the centre and reduce noise pollution in the heritage zone (see Fig. 2).
The improvement in traffic accessibility will significantly support the
development of tourist industry. Thus the project will, together with
connecting development areas and revitalised grounds, make further
economic development of the town and solving employment possible.

The trunk road from Ceské Budéjovice toward the Lipno reservoir to
Cernd v Posumavi receives the II/57 road from Kaplice, connecting
inside the town. The road, containing a new bridge over the Vltava
River and a tunnel, will connect an intersection in the éesky Krumlov
suburb on the 1/39 road with the intersection between the 1I/157 and
1I/160 roads. It is at the same time planned that newly planned areas
along the Vltava River will be connected to serve mainly for recreatio-
nal and other purposes. Another advantage will be the shortened way to
the bus station and the existing hospital. The study stabilises the align-
ment of the II/157 road diversion and assesses the road from the point
of view of the location, construction, meeting the required transport-
related purpose, the environmental impact and effectiveness of financi-
al assets to be spent.

SOURCE DATA

In the digital age, there are much more opportunities for us to obtain
source data, which we can collect in our computers and which will be
used during the design stage. The cadastral map of the area of operati-
ons, the base map of the Czech Republic, existing utility networks plot-
ted by individual utility authorities, an ortophoto map, the Cesky
Krumlov land-use plan, traffic impact assessment, geological documen-
tation, a map of undermined areas — all of these documents are availab-
le in an open form. In addition, supplementary geodetic surveys can be
carried out by our company’s own services.

Apart from negotiations with representatives of the municipal office
and major developers, a document crucial for the alignment of the tun-
nel and adjacent intersections was the opinion of the Fire Rescue
Service and the Police of the Czech Republic.

ENGINEERING GEOLOGICAL ASSESSMENT

The area of operations is found north-east of the city of Cesky
Krumlov. It is formed by an elevation bordered by steep slopes, with the
Vltava River flowing along its western, northern and eastern sides. The
maximum surface altitude is 525m a.s.l., which is roughly 50m above
the Vltava River level.

The basic rocks forming the bedrock are fine-grained biotite parag-
neiss and migmatite with aplitic granite to aplite vein intrusions. The
route of the tunnel being designed passes through the Chequered
Krumlov Series with a range of alternating crystalline and magmatic
rocks. The area is very complicated in terms of petrography and faul-
ting. It is characterised by great numbers of various rock types. The area
is rich in natural outcrops along the steep banks of the Vltava River. The
prevailing rock type is thinly foliated, grey-brown to grey-black parag-
neiss in the fresh form, which is mostly significantly fissured in the sur-
face layers, rusty-brown, covered by a thin layer of loamy-sandy, hea-
vily micaceous eluvia. It contains numerous interbeds of different rocks
— quartzite and crystalline limestone, with layers of graphitic gneiss, as
well as amphibolites, erlan etc. The complex of the above-mentioned
rocks forming the Chequered Krumlov Series is penetrated by nume-
rous veins of leucocratic granite, both intrusive and true fissure ones.
The volume weight and unconfined compressive strength of the rocks
vary from 2.6 to 2.75 g/cm?3 and 50 to 200MPa, respectively.

Regarding crystalline rocks, it is advisable to carry out a structural
analysis of the massif within the framework of the engineering geolo-
gical survey. The analysis should be based on structural measurements
of discontinuity surfaces using a dip compass. This procedure uses
Goodman’s method principles and is based on the fact that geometry of
bodies in space is determined by the distance of separation planes and
the orientation of the body originating in this way toward these limiting
planes. By the analysis, we identified critical blocks, which may start
moving into free space by its own weight when exposed during the
excavation. The design for the configuration, number and lengths of
anchors will be adjusted for individual NATM support classes on the
basis of the analysis.




Obr. 2 Zdrez ul. Objizdkovd
Fig. 2 Objizdkovd Street open cut

jsou vytypovdany kritické bloky, které se mohou po odkryti vylomem
dostat do pohybu do volného prostoru i¢inkem vlastni tihy. Na zdkla-
dé této analyzy se upresni ndvrh rozmisténi, poctu a délek kotev
v jednotlivych tfidach vyrubu NRTM.

Kvartérni pokryvné ttvary jsou zastoupeny materidly dvoji geneze.
V tdoli Vltavy je uloZena spodni, akumulaéni terasa, prekrytd holo-
cennimi povodnovymi ndplavy Vltavy. Mocnost téchto terasovych
ndplavu se pohybuje od 1,2-4,5 m. Svahy elevace, kterou prochdzi
pldnovany tunel, jsou na povrchu prekryty vrstvou svahovych sedi-
mentt ve formé pis¢itych hlinitokamenitych suti kvartérniho staff
a vrstvou piscitych svahovych hlin. Na temeni elevace se vyskytuji
pisCitokamenitd eluvia, pro néZ je typickd mald mocnost a pozvolny
prechod do pevného skalntho podkladu. Hranice mezi eluviem
a svahovymi sutémi nebyva zietelnd, oba typy pokryvnych dtvara do
sebe prechézeji podle lenitosti terénu a expozice.

Svahy v této oblasti nevykazuji v soucasnosti zadné projevy nesta-
bility a nejsou zde ani dokumentovany svahové pohyby. Nelze vSak
vyloucit mistni deformace vzniklé ve spojitosti s vydatnymi srazkami
nebo zpusobené Cinnosti ¢lovéka. Na strmych svazich pak dochézi
k pomalym plouZivym pohybum zvétralin, tyto pohyby jsou vSak tak-
fka neregistrovatelné.

Horniny skalntho podkladu (krystalické bridlice) jsou ve zdravém
stavu nepropustné pro srazkovou vodu. Povrchové partie jsou vSak
postiZzeny zvétrdvacimi procesy, a tudiZ puklinovy systém v této z6né
obsahuje puklinovou vodu, vétSinou vSak malé vydatnosti (desetiny
litru/s). Pouze v zénéch tektonického poruseni (v drcenych padsmech)
se muZe vyskytnout puklinovd voda vétsi vydatnosti. Horniny skalni-
ho podkladu jsou prevdzné zakryty pldstém zvétralin, v némz se hro-
madi mélkd podzemni voda. Dosah tohoto kolektoru zfidka presahuje
hloubku 10 m a v podstaté kopiruje povrch terénu. V ddolnich népla-
vech Vltavy se vyskytuje pofi¢ni voda. Jeji hladina se nachdzi v malé
hloubce pod povrchem tdolni nivy a je v tizké souvislosti s hladinou
vody v fece. Podle podkladi Povodi Vltavy je hladina stoleté vody
v zdjmovém dzemi Qoo = 479,3 m n. m., béZnd hladina se pohybuje
kolem 475 m. Pfedpoklddand niveleta komunikace v severnim portédlu
tunelu je 483,8 m n. m. Pfi dovrchni razbé od severniho portalu pred-
poklddame zahdjeni razby nad hladinou podzemni vody a dile
s moznymi ojedinélymi pritoky po puklinovém systému.

DULNI CINNOST

V zdjmovém tdzemi maji rovnéZz znalny vyznam umélé navazky,
haldy, ndsypy a odvaly. Nékteré z nich jsou velmi staré, pochézejici
z doby t€7by zlata a stifbra na Krumlovsku ve stredovéku.

V okoli Ceského Krumlova, dokonce i ve vnitinim méste, probiha-
la rozsdhla dalni Cinnost. Historie téZby a zpracovéni grafitu zasahuje
do obdobi pred vice nez 2000 lety, kdy grafit dobyvali a pro vyrobu
zaruvzdorné keramiky uzivali staii Keltové. Polétky t€zby zlata
z jihoCeskych ryzZovist jsou jesté starSiho data. TéZba stifbra kulmino-
vala na Ceskokrumlovsku v 16. stoleti (za vlady Rozmberka), nejstar-
§i pisemnd zminka o dobyvdn{ stfibra a zlata v okoli mésta Cesky
Krumlov a ve mésté samotném je z roku 1475. Naposledy bylo kutd-
no na $tole sv. Jan Nepomucky pod K¥iZovou horou. Zastavenim téch-
to praci v roce 1849 kondi i historie dolovani stfibra a zlata v okoli
Ceského Krumlova.
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Quaternary surface deposits are represented by materials which evol-
ved in two ways of genesis. The Vltava River valley contains a lower
accumulation terrace, which is overlain by Holocene flood-plain depo-
sits. The thickness of the terrace deposits varies from 1.2m to 4.5m.
Slopes of the elevation, through which the planned tunnel will pass, are
overlain on the surface by a layer of slope sediments in the form of
sandy and loamy-stony debris of the Quaternary age and a layer of
sandy slope loams. Sandy-stony eluvia are found on the top of the ele-
vation. Typical of them is small thickness and gradual transition to the
hard bedrock. The border between the eluvium and slope debris is usu-
ally indistinct; both types of the superficial deposits transition to each
other depending on the terrain topography and exposition.

In this area, slopes do not currently exhibit any manifestations of
instability and there are no slope movements documented there.
Nevertheless, local deformations originating during heavy rains or
those caused by human activities cannot be excluded. Slow, creeping
movements of detritus take place in such cases on steep slopes. But
these movements are nearly impossible to register.

The rocks forming the bedrock (crystalline shales) are in fresh con-
dition, impermeable for rain water. However, the surface parts are
affected by weathering processes; therefore, the fissure system in this
zone contains fissure water, mostly with low yield (tenths of litres per
second. Higher yield fissure water can be encountered only in tectoni-
sed (crushed) zones). The bedrock is mostly covered with a weathered
rock mantle containing a shallow aquifer. This aquifer only rarely rea-
ches deeper than 10m; in substance, it copies the terrain surface. The
Vltava River alluvial deposits contain alluvial water. The water table is
found at a small depth under the surface of the flood plain; it changes
with the level of the river. According to the documents obtained from
the Vltava River Basin Authority, the water level during a 100-year
occurrence flood in the area of operations is Qo0 =479.3 m a.s.1.., while
the normal level fluctuates about 475m a.s.1. The planned vertical align-
ment of the roadway at the northern tunnel portal is at 483.8m a.s.l. If
the tunnel is driven uphill from the northern portal, we assume that the
excavation will start above the water table and only isolated inflows of
fissure water will be possible.

MINING ACTIVITIES

Artificial fills, mine dumps, embankments and spoil banks are very
important in the area of operations. Some of them are very old. They
originated in the Middle Ages, the time when gold and silver was mined
in the Cesky Krumlov region.

Extensive mining took place in the Cesky Krumlov surroundings, even
in the inner area of the town. The history of graphite mining and processing
extends back to the time over 2000 years ago, when graphite was extracted
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Fig. 3 Diagram of mine workings in the vicinity of the area of operations
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Mezi nejduleZitéj3i historické dulni lokality patii také Rozsyp, kde
jsou uvadény cechy Schwatzer, Panna Marie, Barbora, $tola Albert
a dédi¢nd $tola Habakuk, pres 200 m dlouhd — viz obr. 3. Mistni ndzev
»Rozsyp* (ryZzoviste zlata) souvisi tidajné s velmi starou érou ryzZova-
ni zlata ve vodnich tocich v okoli Ceského Krumlova.

Tato oblast blize nespecifikovaného ,,rozsypu® se nachdzi piimo
v nadloZi tunelu, pri¢emZ nezndme rozsah, mocnost ani sloZeni sklad-
kového materidlu. Dle dokumentace dulnich dél se v zdjmovém dzemi{
pro vystavbu tunelu v podzemi 7ddn4 stard dulni dila nevyskytuji.

U severniho portdlu se nachdzi dstf kanaliza¢ni Stoly, kterou je vede-
no kanaliza¢ni potrubi do Cistirny odpadnich vod. Stola déle od ust{
pokracuje jihovychodnim smérem a odkldni se od trasy tunelu.
Predpokladem pro bezpecnou razbu tunelu je zachovani dostate¢ného
horninového celiku mezi tunelem a Stolou. Zrusena Stola Albert se
nachdzi déle po proudu Vltavy, do zdjmového izemi nezasahuje.

Archivni dokumentace z historické déilni &innosti v Cechach je ulo-
Zena v Kutné Hote, mens{ ¢dst je v Pribrami a vzhledem k rakousko-
uherské etapé nasi historie rovnéz ve Vidni. Pro dcely této studie
postacila mapa poddolovanych tzemi, pfedand méstem, a dokumen-

tace kanaliza¢ni Stoly vedouci od Vltavy u severniho portdlu do Cistic-
ky odpadnich vod.

NAVRH TUNELU

Vlastn{ vybér trasy i feSeni prelozky komunikace bylo zpracovéano
na$im silni¢nim oddélenim, které se timto zdmérem zabyv4 jiz od roku
2003. Na oddéleni ,tuneldia“ zbylo ,jen* feSeni vlastniho tunelu.
Soudadsti studie je vypracovani variant trasy. Umisténi tunelu jiz bylo
dédno dzemnim planem, varianty se tedy tykaly spiSe reseni kfiZovatek
a premosténi Vltavy. Standardné prvni véci pri ndvrh tunelu je zhod-
nocen{ geotechnickych poméra, vysky nadloZi, thlu trasy vzhledem ke
svahu, poloha portdlu, stdvajici zdstavby a inZenyrskych siti v nadloz{
tunelu. Tyto podminky jsou zdsadni pfi ndvrhu podélného fezu
a vzorovych pri¢nych fezu razené a hloubené Césti.

Krystalinikum ¢eskokrumlovského moldanubika tvorené pararulami
je pro razbu i u nds osvédéenou a v poslednich 20 letech vyhradné pou-
zivanou Novou rakouskou tunelovaci metodou idedlni. Jeji aplikaci 1ze
vytvorit subtilni prufezy ve srovnani s tunely stavénymi pred 100 lety.
Geometrie pii¢ného fezu je dulezitd z hlediska statického pusobent,
spravny ndvrh dokdZze vyrazné sniZit hodnoty vnitfnich sil a tak zmen-
§it dimenze primdrniho i sekundérniho osténi, v optimdlnim pripadé
Ize pouzit u sekunddrniho osténi nevyztuZeny beton. NevyztuZené
osténi md kromé nizSich investi¢nich ndkladu vyhodu i v omezeni
nebezpedi protrzeni izolace. Paradoxné neznamend rychlejsi postup
stavebnich praci, protoZe montdZz vyztuZe probihd v predstihu
a rychlost postupu betondZe urCuje doba pro odbednéni, ale vyrazné se
sniZ{ pracnost.

Z vysledkt dopravné-inzenyrského posouzeni (DIP) plyne, Ze na
tunelovém tseku prelozky dojde k vyraznému néristu intenzity
dopravniho zatiZeni. V horizontu pro rok 2030, ktery byl zvolen pro
stanoveni intenzit v DIP s ohledem na prostorové usporddani, staveb-
ni Gpravy a vybaveni tunelu a pro zatfidéni tunelu, vychézi hodnota

Vzorovy piicny fez - razeny tunel kategorie T-9,5
Typical cross-section of the T-9.5 category mined tunnel

Plocha vyrubu 99,6 m’(|
Excavated cross-sectiqpal area 99.6m*

vy

Obr. 4 Vzorovy priény rez tunelu
Fig. 4 Typical tunnel cross-section

and used for the production of fireproof ceramics by Old Kelts. The begin-
nings of gold extraction from South-Bohemian placer deposits are even of
an older date. Silver mining culminated in the Cesky Krumlov region in the
16th century (under the rule of the Rosenberg family); the oldest written
reference to silver and gold mining in the surroundings of Cesky Krumlov
and inside the town is dated 1475. The last prospecting was carried out in
the Saint John Nepomucen gallery under Kfizova mountain. The history of
silver and gold mining in the surroundings of Cesky Krumlov ended in
1849, when the work in this gallery was terminated.

One of the most important mining locations is Rozsyp, where they
mention workings of Schwatzer, Panna Marie and Barbora, the Albert
gallery and the over 200m long Habakuk sough (see Fig. 3). The local
name “Rozsyp” (a Czech word for a placer) is reportedly associated
with a very old era of washing gold from water streams in the surroun-
dings of Cesky Krumlov.

This placer area, which was not specified in a more detailed manner,
is found directly in the tunnel overburden. We do not know the extent,
thickness or composition of the dump. According to mine workings
documentation, no old underground mine workings exist in the area of
construction operations.

The mouth of a sewerage gallery, containing a sewer leading to
a sewage treatment plant, is found at the northern portal. Further from
the mouth, the gallery continues in a south-east direction and diverts
from the tunnel route. There is a condition for safe tunnel excavation
—sufficiently thick rock mass between the tunnel and the gallery must
be maintained. The abandoned gallery Albert is found further down-
stream the Vltava River; it does not extend into the area of operations.

Archive documentation regarding historical mining activities in
Bohemia is stored in the town of Kutnd Hora, smaller part is in Pfibram
and, with respect to the Austro-Hungarian stage in the Czech history,
also in Vienna. The map of undermined areas we received from the
municipality and documentation of the sewerage gallery leading from
the Vltava River (at the northern portal) to the sewage treatment plant
were sufficient for the needs of this study.

TUNNEL DESIGN

Selecting of the alignment itself and designing of the road diversion
was carried out by our road department, which has been involved in sol-
ving this concept since 2003. “Only” the solution to the tunnel itself
remained to be solved by our tunnelling department. Part of the study is
developing the route variants. The tunnel location has been given by the
land-use plan, the variants therefore had to deal only with intersections
and bridging over the Vltava River. As a standard, first things to be
dealt with when a tunnel is to be designed comprise an assessment of
geotechnical conditions, the height of the overburden, the angle at
which the tunnel enters slopes, locations of portals and existing buil-
dings and utility networks in the tunnel overburden. These conditions
are crucial for the design for the longitudinal section and typical cross
sections in mined and cut-and-cover / cover-and-cut sections.

The crystalline complex of the Cesky Krumlov Moldanubic, which is
formed by paragneiss, is ideal for excavating by the New Austrian
Tunnelling Method, which has been solely used in the Czech Republic
for the past 20 years and has acquitted itself well. Its application is
capable of creating subtle cross sections compared with the tunnels
which were built 100 years ago. Cross-section geometry is important in
terms of the structural action; a proper design can significantly reduce
values of internal forces, thus to reduce dimensions of the primary and
secondary linings; unreinforced concrete can be used for the secondary
lining in an optimal case. An unreinforced lining is advantageous not
only because of lower investment costs, but also because of reducing
the risk of tearing the waterproofing membrane. Paradoxically, it does
not mean quicker progress of construction work because of the fact that
concrete reinforcement is placed in advance and the excavation advan-
ce rate is determined by the time required for stripping of the formwork.
On the other hand, the labour intensity is reduced in such a case.

It follows from the results of the Traffic Impact Assessment (TIA)
that the traffic volume will significantly grow within the tunnelled sec-
tion of the diversion. In the 2030 horizon, which was chosen for the
determination of traffic flow volumes in the TIA with respect to the
geometric design, structural measures and tunnel equipment, and for
determination of the tunnel category, the calculated traffic volume is
equal to 17 thousand vehicles per day. This value already gives a reason
for constructing two tunnel tubes for a dual carriageway. The TIA resul-
ted in a design draft comprising one tunnel tube with emergency lanes
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takika 17 tisic vozidel/den. To uZ zavddvd divod k posouzeni nutnos-
ti vybudovani dvou smérové rozdélenych tunelovych trub. Vysledkem
byl ndvrh jedné tunelové trouby s nouzovymi pruhy pro oba dopravni
sméry, a to v souladu s dseky komunikace pred a za tunelem s jednim
jizdnim pruhem v jednom jizdnim proudu. Vzhledem k délce tunelu
pres 500 m, kategorii navazujici komunikace MS2-18/8,5/50, po
vyhodnoceni rizik a uvdZeni technicko-ekonomického porovnini
nakladl na provoz a vystavbu je zvolena §ifkova kategorie dvoupru-
hové obousmérné tunelové trouby T-9,5. Toto feSeni povaZujeme za
nejvyhodnéjsi pro stfedné dlouhy méstsky tunel s vysokou intenzitou
dopravy. Sitka jizdniho pruhu je 3,50 m, §ika vodiciho prouzku prilé-
hajictho k nouzovému pruhu 0,25 m, §iftka nouzového pruhu 1 m.
Pri¢ny sklon vozovky navrhujeme 2,5%, jednostranny se spadem ke
Stérbinovym Zlabum.

Sitkové kategorie tunelu md jiZ jednoznaéné uréeny prijezdni pro-
stor tunelu — viz obr. 4. Tento prostor je tfeba co nejtésnéji ,,obalit
vnitinim licem tunelu. Po dobrych zkuSenostech predevsim s vyuZitim
bankett jsme navrhli prufez natofeny podle pii¢ného sklonu vozovky.
Ve studii prob&hlo porovnéni pri¢nych fezu, jejich lic tvori kiivka slo-
Zend z jednoho anebo ze dvou poloméru. PouzZiti osténi s jednim polo-
mérem vnitiniho lice osténi je vyhodnéjsi z hlediska statického posou-
zeni i z hlediska ndrokd na bednéni, ¢i tvaru piihradovych rdamu pri-
mdrniho osténi. Takovyto profil se podarilo nalézt pro dvoukolejné
Zelezni¢ni tunely a od vystavby tunelu Veprek se stal standardem na
Ceskych drahdch. Rozdil v poméru vysky a Sitky sdruZzeného tunelo-
vého prajezdného prufezu dvoukolejného tunelu 6x10 m a prujezdni
prostor komunikace T-9.,5 4,5x11,5 m v&. chodniku znamend, Ze sil-
ni¢ni tunely obecné vychdzeji plossi. VEtSi vysku by bylo mozné vyu-
Zit jen pti umisténi vzduchotechnického kandlu pro polopricné nebo
pri¢né vétrani pod stropem tunelu. Pfi porovnéni geometrii pro osténi
s vnitinim licem tvofenym jednim nebo dvéma poloméry dostdvame
nasledujici udaje:

Varianta Poloméry Plocha Sifka Vyska
geometrie [m] vyrubu tunelu lice stropu
[m?] v misté  nad niveletou
vozovky [m]
[m]
2 poloméry, kat. T-9,5 6,6 a4,8 99,6 118 6,8
1 polomér, kat. T-9,5 6,0 104.,5 11,7 7.5
2 poloméry, kat. T-8,0 55a4,55 85,1 104 6.5
1 polomér, kat. T-8,0 53 88,7 10,2 6.9
Zelezni¢ni dvoukolejny 5,7 101,5 10,7 7.6

V tabulce jsou pro srovndni uvedeny i hodnoty pro §itkovou kate-
gorii tunelu bez nouzovych pruht (T-8,0), ktery byl ve studii navrho-
van jako jedna z variant, a hodnoty pro standardni prufez Zelezni¢niho
dvoukolejného tunelu.

V névrhu pri¢ného fezu je déle tieba dodrzet nékterd pravidla, jako
je dostate¢nd $itka patky pro pojezd bedniciho vozu, dostate¢nd plo-
cha, na kterou se prenéseji sily z klenby na patku, umisténi bo¢nf dre-
néze za patkou pod touto pracovni sparou. V pri¢ném fezu je umisté-
no i standardni vybaveni tunelu, jako nouzové chodniky, prostor pro
silnoproudé i slaboproudé kabely, kabely pro nouzové osvétleni tune-
Iu a pozarni vodovod v banketu, kabelové lavky a ventildtory pod stro-
pem, dopravni znacky na bocich tunelu, stfedn{ tunelova drendZ pod
vozovkou i odvodnéni vozovky §térbinovymi Zlaby se samozhéaSecimi
kusy. Byla diskutovdna i moznost vedeni vodovodu tunelem pro pro-
pojeni méstskych fadu.

Po ndvrhu pri¢ného fezu nastdva obdobi pro jeho nasazen{ na nive-
letu planované komunikace do podélného fezu. Z vysky tunelu plyne
celkova vyska nadloZi a zejména vyska skalniho nadloZi. Ta je rozho-
dujici pro umisténi portdli razeného tseku. V hornatych nebo kopco-
vitych Ceskych pomérech se vétsinou setkavame s klasickou razbou ve
skalnim masivu, kterd se zdsadné 1i$i od razby tunel v zemindch, jak
ji zndme z velkych evropskych mést v nivdch velkych fek nebo
u morte. Z odhadu vysky jednotlivych stratigrafickych vrstev jsme pro
potieby studie provedli i predbézny odhad délek jednotlivych trid
vyrubu, jak je u NRTM obvyklé, aby mohl byt zpracovan finan¢ni pro-
polet nakladl na vystavbu tunelu. V ndvrhu délky tunelu a umistén{
portala se odréZi i predpoklad délky bedniciho vozu definitivniho osté-
ni, kterd byva vétSinou 12 m, v optimdlnim pripadé je celkova délka
tunelu ndsobkem délky standardniho bloku betondze.
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Obr. 5 Provizorni most u severniho portdlu
Fig. 5 Temporary bridge at the northern portal

for both directions of traffic, in harmony with the road sections before
and after the tunnel, with one traffic lane for one traffic stream. Width
category T-9.5 was selected for the double-lane bi-directional tunnel
tube with respect to the tunnel length exceeding 500m, the category of
the adjacent road MS2-18/8.5/50, the results of the assessment of risks
and taking into consideration technical-economic comparison of opera-
ting costs and construction costs. We consider this solution the most
advantageous for a medium-length urban tunnel carrying high traffic
flow volume. The widths of the traffic lane, marginal strip adjacent to
the emergency lane and the emergency lane are 3.50m, 0.25m and 1.0m,
respectively. A single-sided transverse incline of 2.5% is designed, inc-
lining toward slotted drains.

The traffic clearance space is unambiguously determined for the tun-
nel by the tunnel width category — see Fig. 4. This space must be “enve-
loped” by the inner surface of the tunnel as tight as possible. Taking into
account the good experience with the use of shoulders, we designed
a cross-section which is rotated according to the roadway cross-fall.
The study compared cross sections with the inner contours formed by
curves consisting of one or two radii. The use of a lining with one radi-
us of the inner surface is more advantageous in terms of a structural
analysis and requirements for formwork or for the shape of primary
lining lattice girders. Such a profile was successfully found for double-
rail tunnels. It has become a standard for Czech rail lines since the
Veprek tunnel construction. The difference in the proportion between
the height and width of a 6 x 10m conjugate clearance profile in the case
of a double-rail tunnel and the clearance profile for T-9.5 roadway of
4.5 x 11.5m (inclusive of walkways) means that the resulting geometry
of road tunnel profiles is generally flatter. A greater height could be
used only if the ventilation duct for a semi-transverse or transverse ven-
tilation system is located under the tunnel crown. When we compare the
geometries for linings where the inner surface contours are formed by
one or two radii, we receive the following data:

Geometry Radii Excavated Tunnel Height of

[m] area [m2] width at the roof

the roadway over the

level [m] roadway level

line [m]
2 radii, cat. T-9.5 6.6 and 4.8 99.6 11.8 6.8
1 radius, cat. T-9.5 6.0 104.5 11.7 75
2 radii, cat. T-8.0 5.5 and 4.55 85.1 104 6.5
1 radius, cat. T-8.0 53 88.7 10.2 6.9
double-rail 5.7 101.5 10.7 7.6

For the comparison purpose, the table also contains values for the
tunnel width category containing no emergency lanes (T-8.0), which
was proposed in the study as one of variants, and values for a standard
profile of a double-rail tunnel.

It is further necessary for the design draft to comply with all rules,
such as a sufficient width of the footing for the movement of traveller
formwork, a sufficient area to which forces are transferred from the
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Severni portél tunelu se nachdzi na prikrém brehu Vltavy — viz obr.
5 a 6, kde vyska nadloZi prudce stoupd, a to dokonce i pii ruzné vysce
nivelety, kterd je zdvisld na variantich ndvrhu premosténi Vltavy.
Z toho plyne potreba kritkého hloubeného tseku v délce jednoho
bloku betonédze definitivniho osténi, ddle je jiZ moZné zahdjit bezpe¢-
nou razbu. Vzhledem ke sklonovym pomérum tunelu predpokldddme,
Ze tunel bude razen dovrchné od tohoto portdlu, aby eventudlni prusa-
ky puklinové vody mohly byt svddény gravita¢né k tomuto niZe umis-
ténému portélu.

Jizni portdl se nachdzi v rozsdhlejsi inundacni oblasti Vltavy
s mirnym svahem pokrytym deluvidlnimi sedimenty, bohuzel
i s pomérné neddvnou vilovou zastavbou — viz obr. 7. Pfi poZadavku
vySkového napojeni na stdvajici kfizovatku v misté s nizkym
a povlovné stoupajicim nadloZim to znamend provedeni delsiho hlou-
beného dseku v oteviené stavebni jamé, predpokldddme délku alespon
36 m, tj. 3 bloky betondze.

BEZPECNOSTNI A TECHNICKE VYBAVENI TUNELU

Pozadavky na stavebni tpravy z hlediska bezpecnosti stanovi tabul-
ka 2 CSN 73 7507.

Z hlediska stanoveni technického vybaveni tunelu se tunely zatfidu-
ji v zavislosti na délce tunelu a intenzité dopravy ekvivalentnich vozi-
del do bezpecnostnich kategorii. Navrhovany tunel spada do kategorie
TA, tedy s nejvyssimi ndroky.

Pro dopravni systém tunelt bezpenostni kategorie TA se (mimo
jiné) navrhuje:

e sbér a vyhodnocovani dopravnich dat;

e zafizeni pro v€asnou identifikaci mimorddné a havarijni situace,

dopravnich kongesci a stojicich vozidel;

e zafizeni pro provozni informace (umistuje se pred vjezdem do
tunelové trouby pro poskytnuti textové informace d¢astnikum pro-
vozu o pri¢iné mimorddného stavu);

* svételné signdly pro jizdu v jizdnich pruzich;

e trvale svitici prvky pro vyznaceni vodorovného dopravniho znace-
ni mezi jizdnimi pruhy a vyzna¢eni chodniku.

Ndvrh osvétleni zahrnuje ndvrh normélniho, nédhradniho

a nouzového tnikového osvétleni, metodika ndvrhu je stanovena
v TP 98.

Predpoklddand intenzita dopravy vyZzaduje pii navrhované délce
tunelu instalaci zafizeni pro nucené vétrdni, které zajisti odpovidajici
Cistotu vzduchu a viditelnost pri vlastnim provozu i pozadavky bez-
pecnosti a pozdrni ochrany. Pfirozené podéIné vétrani a podéIné vetra-
ni zpisobené provozem navrhujeme doplnit podélnym systémem vét-
réni pomoci ventildtora v piistropi tunelu.

Kabiny SOS se navrhuji v odstupech 125 az 150 m, tzn. Ze v pripadé
navrhovaného tunelu budou 3x uvnitf tunelu a u obou portdlu.
V pripadé spojeni s hydranty do jednoho vyklenku by pro tento tunel
byly &tyfi, protoZe vzdjemna vzddlenost hydranti musi byt mensi — viz
déle. V obousmérné provozovanych tunelech se kabiny SOS umistuji
na obou strandch komunikace, vZdy proti sob¢ s maximdlnim podél-
nym odstupem 20 m.

Pozéarni vodovod se zfizuje u tunell del§ich nez 400 m. Vzddlenost
hydrantt se navrhuje 60—125 m, profil DN 200, vyjime¢né 150 mm,

Obr. 6 Srdz Vitavy u severniho portdlu
Fig. 6 Steep bank of the Vlitava River at the northern portal

tunnel vault to the footing, the location of a side drain behind the foo-
ting found under this construction joint. The cross section also conta-
ins standard tunnel equipment, such as emergency walkways, a space
for heavy current and weak current cables, cables for emergency ligh-
ting of the tunnel, a fire hydrant main in the shoulder, cable trays and
fans under the ceiling, traffic signs on tunnel walls, central tunnel dra-
inage under the roadway and roadway drainage through slotted drains
with self-extinguishing pieces. Even the possibility for a water main
interconnecting municipal offices to pass through the tunnel was dis-
cussed.

Once the cross section is designed, a period begins during which
the section must be applied to the vertical alignment of the planned
road. The total overburden height and, above all, the rock cover thick-
ness follow from the tunnel height. The rock cover thickness is
a deciding factor when locations of mined tunnel portals is being
selected. In mountainous or hilly conditions of the Czech Republic
we mostly encounter traditional excavation through a rock mass,
which in principle differs from the excavation of tunnels through
soils as we know it from large European cities found in flood plains
of major rivers or by the sea. Using results of an assessment of ele-
vations of individual stratigraphical layers, we carried out, for the
needs of the study, even a preliminary assessment of the lengths of
the tunnel sections according to the excavation support classes, as
usual for the New Austrian Tunnelling Method, so that a cost estima-
tion for the tunnel construction could be prepared. The assumed
length of the traveller shutter for the final lining, which is mostly 12m
long, was also incorporated into the tunnel design draft; in an opti-
mum case, the total tunnel length is a multiple of the length of
a standard casting block.

The northern portal is found on a steep bank of the Vltava River
(see Figures 5 and 6), where the overburden height rapidly increases,
even at different altitudes of the level line, which depend on the vari-
ants of bridging of the VItava River. It follows from this configurati-
on that a short cut-and-cover section will be needed, at a length of one
final lining casting block; further on, safe tunnel excavation can start.
Taking into consideration the longitudinal gradient conditions of the
tunnel, we expect that the tunnel will be driven inclined upwards
from this portal so that contingent fissure water inflows can be eva-
cuated to the lower located portal by a gravity-based system drainage
system.

The southern portal is found in a rather large inundation area of the
Vltava River, where the slope is moderate, covered with deluvial
sediments and, unfortunately, also with relatively recently built fami-
ly houses on the surface (see Fig. 7). Because of the requirement for
the vertical alignment to be connected to the existing intersection in
the location where the overburden is shallow and slowly rises,
a longer cut-and-cover section will be necessary, with the assumed
length of at least 36m, i.e. 3 concrete casting blocks.

SAFETY AND TECHNICAL EQUIPMENT OF THE TUNNEL

Requirements for construction details from the safety aspect are
specified in Table 2 of CSN 73 7507 standard.

As far as technical equipment of a tunnel is concerned, tunnels are
divided, depending on the tunnel length and traffic volume of equi-
valent vehicles, into safety categories. The tunnel being proposed
comes under TA category, i.e. the highest demanding category.

The design for a traffic system of safety category TA tunnels com-
prises, among others, the following elements of equipment:

e collection and assessment of traffic data;

e early identification of incidents, accidents, traffic congestion and

standing vehicles;

e operating information (the facility is installed in front of a tunnel
tube with the aim of providing text information about causes of
an extraordinary state for road users);

e lane control lights;

e permanent lights for lane and walkway marking.

The design for tunnel illumination comprises the normal, stand-by
and emergency lighting systems; the designing methodology is deter-
mined by Technical Specifications TP 98.

The anticipated traffic flow requires, for the tunnel length being
designed, the installation of forced ventilation, which will ensure ade-
quately clean air and visibility during the tunnel operation and mee-
ting of safety and fire protection requirements. We propose that natu-
ral longitudinal ventilation and longitudinal ventilation due to traffic




Obr. 7 Pohled na misto jiZniho portdlu (vpravo) se stdvajici kriZovatkou
Fig. 7 View of the southern portal location (right side) with the existing intersection

pro tunely do délky 1000 m musi byt zajistén pratok min. 2x20 I/s po
dobu 60 minut. Navrhli jsme vést vodovodni potrubi v chodniku na
jedné strané vozovky na stran¢ stoupajiciho jizdniho pdsu.
Nepredpokladali jsme nutnost instalovat hydranty po obou strandch
vozovKy, protoZe pii eventudlnim hasebnim zdsahu jiz bude zastaven
provoz na komunikaci v tunelu. Dal$i hydranty budou umistény pred
obéma portdly. DuleZitou otdzkou je i zpusob ochrany proti zamrzan{
vody v pozdrnim potrubi umisténém v chodniku, béZné pouzivané
systémy jsou cirkulace vody nebo ohfev topnymi kabely. Pro zdsobo-
véni vodou jsme predpoklddali napojeni na méstsky vodovod.

K dal§imu nezbytnému vybaveni tunelu patfi: elektrickd pozdrni
signalizace (hldsi¢e poZdru, detekce koure), elektrickd zabezpecovaci
signalizace, Fidici systém dopravy, fidici systém technologie, uzavieny
televizni okruh (videodohled), méfeni vysky vozidel, dopravni znace-
ni, bezpe&nostni znaceni, rddiové spojeni, evakuacni rozhlas, méfeni
dopravnich dat, uzemnovaci soustava a ochrana proti bludnym prou-
dum, nghradni zdroj energie, méfeni CO, opacity a rychlosti sméru
vetru.

Se vSemi témito poZadavky je tfeba sezndmit investora a najit vazby
na souasnou infrastrukturu mésta, predevsim fizeni dopravniho pro-
vozu, Hasi¢sky zdchranny sbor a policii.

VNEJSI VAZBY TUNELU NA KOMUNIKACE

Pfi ndvrhu tunelu se podafilo projednat mirny posun trasy, tak aby
domy byly jgmou hloubeného useku dotéeny minimalné.

Névrhové parametry odboceni kfizovatky silnic 1I/157 a 1I/160
u jizniho portélu, u nemocnice a autobusového nddrazi, vyvolaly dis-
kusi o umisténi pfipojného pruhu komunikace do tunelového tdseku.
Ve zvldsté stisnénych pomérech je toto feSeni mozné technicky pro-
vést, vyslednd varianta ndvrhu kfizovatky vSak nastést{ s timto feSenim
nepocita.

Jind situace je u severniho portélu, strmy svah nad fekou, dhel
k vrstevnicim pri zaraZen{ tunelu skoro 90°, coz tvori dobré podminky
pro zahdjeni razby, ale vzddlenost portélu tunelu od brehu Vltavy je
zde jen necelych 60 m. V tomto misté je poZadovédno napojeni budou-
ctho centra ,,Ambit“, zachovani pfistupové komunikace do Cisticky
odpadnich vod i do sportovniho a ubytovaciho komplexu ,,Eurogolf*
pred mostem pres Vltavu a pristup spravce toku podél brehu. To s se-
bou nese velmi sloZité reSeni kfiZzovatek tésné pred portdlem, které
bylo zpracovéano v nékolika variantéch:

Mimouroviiové deltovité kiiZen{ s pobfezni komunikaci provedené
s napojovacimi rampami pfimo z mostu (s ,,u§ima‘“) — feSeni doporu-
¢ené projektem — viz obr. 8.

Svételnd kriZzovatka s pobfezni komunikaci piimo pred ustim tune-
lu, toto feSen{ je bézné napf. u prazskych tunelt navazujicich kolmo na
hlavni komunikaci — viz jizni portdl Letenského tunelu, portdl tunelu
Mréazovka u vyjezdu do Radlické ulice nebo portdl TéSnovského tune-
lu. Toto feSeni bylo zamitnuto z toho divodu, Ze hlavni smér provozu
na preloZce probihd z mostu do tunelu a levd odboceni by vyZzadovala
pouziti odbo¢nych pruht. Pii vyhledové intenzité dopravy by se mohly
v tunelu pred svétly tvorit kolony, které by zvySovaly ndroky na vétra-
ni tunelu.

Jako nevhodnd byla shleddna varianta s kruhovym objezdem pred
Gistim tunelu u severniho portélu, to potvrdilo i vyjadfeni Policie CR,
ve studii byla provéfovdna jako feSeni uvedené v tizemnim planu.
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be supplemented by a system of longitudinal ventilation by means of
fans under the tunnel roof.

SOS cabins are designed at intervals of 125 to 150m, which means
for the tunnel being designed that there will be 3 cabins inside the
tunnel plus 1 cabin at each portal. In the case of combining the cabins
with hydrants, this tunnel would require 4 pieces because the spacing
of hydrants must be tighter (see the text below). SOS cabins in tun-
nels carrying bidirectional traffic are located on both sides of the
roadway, directly opposite each other, with a maximum longitudinal
offset of 20m.

A hydrant line is installed in tunnels longer than 400m. Hydrants
are designed at intervals of 60-125m, with the diameter DN 200mm,
exceptionally 150mm; the minimum flow rate of 2x20 L/s must be
ensured for 60 minutes in tunnels up to 1000m long. We proposed
that the water pipe be installed under one walkway, on one side of the
roadway (on the ascending traffic lane side). We did not assume the
necessity for installing hydrants on both sides of the roadway becau-
se traffic on the road in tunnel will be stopped during a contingent fire
fighting intervention. Other hydrants will be located in front of both
portals. A significant issue is also the method of protection against
freezing of water in the hydrant line which is embedded in a walkway.
Water circulation or trace heating systems are usually used. Water
supply is assumed to be through a connection to a municipal water
main.

Other necessary tunnel equipment comprises: a fire alarm and
detection system (fire detection, smoke detection), an electrical secu-
rity signalling system, traffic control system, equipment control sys-
tem, CCTV system (video surveillance), vehicle ride height measure-
ment, road signalling, safety signs, radio communication, evacuation
broadcasting, traffic data measurement, earthing system and protecti-
on against stray currents, emergency power supply, measurement of
CO, opacity and velocity and direction of wind.

All of the above-mentioned requirements must be communicated to
the client and possible relationships with the existing infrastructure of
the town must be established, above all with the traffic management
centre, the Fire rescue service and the Police.

EXTERNAL CONNECTIONS OF THE TUNNEL TO ROADS

Slight shifting of the tunnel route was approved during the desig-
ning work, so that buildings are affected by the open trench for the
cut-and-cover section as little as possible.

Design parameters of the branching off from the intersection bet-
ween the 1I/157 and II/160 roads at the southern portal, which is
found near a hospital and bus station, aroused a discussions about the
location of the slip lane from the road to the tunnelled section. This
solution is viable in an extremely constrained space. Fortunately, the
resulting variant of the intersection design does not contain this solu-
tion.

The situation at the northern portal is different: a steep slope above
the river, the angle at which the tunnel strikes the slope being nearly
90 degrees. These conditions are suitable for the initial phase of tun-
nel excavation. However, the tunnel portal distance from the Vltava
River bank is less than a mere 60m. There are requirements for this
location comprising a connection of future “Ambit” centre, preser-
ving an access road to the sewage treatment plant and “Eurogolf”
sports and accommodation complex before the bridge over the Vltava
River and allowing access along the bank for the river authority. In
consequence, a very complicated design for intersections before the
tunnel portal is necessary. Several design variants have been prepa-
red:

A grade-separated delta-type crossing with the road running along
the bank; slip ramps leading directly from the bridge (with “ears™) —
this solution is recommended by the design draft — see Fig. 8.

A signalised intersection with the river bank road directly before
the tunnel mouth; this solution is has been commonly used for Prague
tunnels connecting perpendicularly to the main road — see the sout-
hern portal of the Letnd tunnel, the portal of the Mrdzovka tunnel at
the exit to Radlickd Street or the portal of the Tés$nov tunnel. This
solution was rejected with respect to the fact that the main direction
of traffic on the diversion is from the bridge to the tunnel and turning
left would require the application of turning lanes. When the predic-
ted traffic volume is reached, columns of vehicles could develop
before the lights, in the tunnel, which would mean increased demands
on the tunnel ventilation system.
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Architektonické a technické feSeni mostu pres Vltavu bylo samo-
statnou Cdsti této studie.

Smérnice Evropského parlamentu a rady 2004/54/ES o minimdlnich
bezpetnostnich pozadavcich na tunely transevropské silniéni sité shr-
nuje opatfeni, kterd je tfeba prijmout ke zlepSeni bezpecnosti tuneld.
I kdyzZ je pro ¢lenské staty zdvaznd jen v rozsahu transevropské silnic-
ni sité, nékteré jeji pozadavky lze jako doporuceni aplikovat i u tuneld
mimo tuto sit. V dvodu smérnice se pravi: Tunely delsi nez 500 m jsou
vyznamnymi stavbami, které usnadnuji spojeni rozlehlych oblasti
Evropy a hraji rozhodujici ilohu ve fungovdni a rozvoji regiondlnich
ekonomik. Déale v &l. 3.1: Clenské stdty zajisti, aby tunely na jejich
tizemi spadajict do oblasti piisobnosti této smérnice vyhovovaly mini-
mdlnim bezpecnostnim poZadavkium stanovenym v priloze 1.

S vyjimkou nouzového pruhu je stejny pocet jizdnich pruhu zacho-
vdn uvniti- tunelu a mimo tunel. Kazdd zména v poctu pruhii md nastat
v dostatecné vzddlenosti pred portdlem tunelu; tato vzddlenost je pri-
nejmensim vzddlenosti, kterou vozidlo neprekracujici povolenou rych-
lost ujede za 10 sekund. JestliZe to geografické prostredi nedovoluje,
prijmou se dodatecnd nebo zvySend opatreni ke zlepSeni bezpecnosti.
(Pfiloha &. 1, &l. 2.1.3). Toto znéni bylo pfijato i do CSN 73 7507, &l.
7.1.5. Z této podminky plyne, Ze k dpravé pruht by mélo dojit nejbli-
Ze 140 m od portdlu tunelu.

Délka rozhledu pro zastaveni dle CSN 73 6110 je pro danou névr-
hovou rychlost (50 km/h) a podélny sklon tunelu (2-3 %) navrZena
35 m - z toho plyne, Ze umisténi kfiZovatky pfimo u portdlu tunelu je
zcela nevhodné.

Tyto zdsady do zna¢né miry preduréuji dopravni feSeni kiizovatek
pred obéma portdly, i kdyZ se vlastni vystavby tunelu pfimo netykaji.
Geografické podminky, tj. omezené prostorové moznosti méstského
tunelu v zastavéném dzemi, i zvdzeni ndkladi na vystavbu a provoz,
urCuji situaéni feSeni trasy a vyvozuji potfebu uplatnéni zvySenych
bezpecnostnich opatfeni, tj. napt. nouzové chodniky, nouzové pruhy,
Stérbinové Zlaby se samozhdSecimi kusy, nucené vétrani, bezpeCnost-
ni vybaveni vletné dopravniho znaleni, fizeni dopravy, vycviku slo-
Zek integrovaného zachranného systému atd.

Fig. 8 General plan view

A variant containing a roundabout in front of the northern portal
was found unsuitable. This opinion was confirmed by the Police of
the CR. This variant was examined as a solution contained in the
land-use plan.

The architectural and engineering design for the bridge over the
Vltava River was a separate part of this study.

The Directive of the European Parliament and of the Council
2004/54/ES on minimum safety requirements for tunnels in the
Trans — European road network summarises the measures which
should be adopted to improve safety in tunnels. Even though it is
binding for member nations only as far as the trans-European road
network is concerbned, some of its requirements can be applied as
recommendation even to tunnels outside this network. The intro-
duction of the Directive states: Long tunnels of over 500m in length
are important structures which facilitate communication between
large areas of Europe and play a decisive role in the functioning and
development of regional economies. Further, in clause 3.1: Member
states shall ensure that tunnels in their territory, falling within the
scope of this Directive meet the minimum safety requirements laid
down in Annex I.

With the exception of the emergency lane, the same number of lanes
shall be maintained inside and outside the tunnel. Any change in the
number of lanes shall occur at a sufficient distance in front of the tun-
nel portal+ this distance shall be at least the distance covered in 10
seconds by a vehicle travelling at the speed limit. When geographic
circumstances prevent this, additional and/or reinforced measures
shall be taken to enhance safety. (Annex No. I, paragraph 2.1.3). This
wording was even accepted for CSN 73 7507, paragraph 7.1.5. It fol-
lows from this condition that changes in the configuration of traffic
lanes should not be made closer to a tunnel portal than 140m.

Stopping sight distance from tunnel entry according to require-
ments of CSN 73 6110 is designed for the given design speed
(50km/h) and longitudinal gradient of the tunnel (2-3%) to be 35m.
From whence it follows that the intersection location directly at the
tunnel portal is absolutely unsuitable.

The above-mentioned principles significantly predetermine the
traffic management scheme for the intersections in front of both por-
tals, even though they do not directly relate to the tunnel constructi-
on itself. The geographical conditions, i.e. the constrained space ava-
ilable for an urban tunnel within a developed area, and the considera-
tion of the costs of the construction and operation, determine the
route layout and induce a need for implementing enhanced safety
measures, e.g. emergency walkways, emergency lanes, slotted drains
with self-extinguishing pieces, forced ventilation, safety equipment
inclusive of road signalling, a traffic control system, training of com-
ponents of the Integrated Rescue System etc.

CONCLUSION

The purpose of this study was to stabilise the route of the diversi-
on road and assess it in terms of the location within the area of ope-
rations so that it meets future requirements and demands of traffic,
both transit and regional, in terms of its viability when acceptable
technical parameters are applied, to assess it in terms of environmen-
tal impacts and effectiveness of the construction costs to be incurred.
The completed study will be used for the next designing stage, dis-
cussing the concept with respective authorities and the public. The
study provides information about financial demands of the project
and defines relationships with affected development areas contained
in the land-use plan. This will allow the client to start negotiations
with owners of the affected locations and land and solve relationships
with the existing and planned development. Another significant con-
dition was designing such a solution where safety requirements for
the tunnel operation would meet the ever stricter generally binding
standards in the long-term horizon.

There is even another impact of the construction and operation of
the tunnel on the surroundings and existing infrastructure in the given
location: the location for the construction facilities and the way of
handling the muck. With respect to the expected volume of about 50
thousand m? of muck, we recommend that an analysis of properties of
the muck be carried out and its use for construction purposes be
designed. Another possible way of using the muck is, for instance,
reclamation of old quarries. Failing that, it will be necessary to find
an acceptable location for disposing it. Further on, it is necessary for
the tunnel operation to consider the necessity for constructing
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ZAVER

Utelem studie bylo stabilizovat trasu prelozky a jeji posouzeni
z hlediska umistnéni do zdjmového tizemi, aby odpovidala vyhledovym
poZadavkium a ndrokim dopravy jak tranzitni, tak regiondlni, realizo-
vatelnosti s pfijatelnymi technickymi parametry, posouzeni z hlediska
Zivotniho prostfedi a efektivnosti vynaloZenych finan¢nich prostiedku
na realizaci stavby. Zpracovand studie bude vyuzita pro dal§i stupen
projektové pripravy, projednédni zdméru s dotéenymi orgdny verejné
spravy i s vefejnosti. Studie poddvd informaci o finanéni naro¢nosti
projektu a urcuje vazby na dotcené rozvojové lokality podle tizemniho
planu. To umoZni investorovi zahdjit jedndni s vlastniky dotéenych
lokalit a pozemku a vyfesit ndvaznost na okoln{ stdvajici i planovanou
zdstavbu. DuleZitou podminkou bylo také navrhnout takové feseni, kde
bezpecnostni pozadavky na provoz tunelu vyhovi v dlouhodobém hori-
zontu stéle prisnéj$im obecné zdvaznym predpisim a normam.

Vystavba a provoz tunelu maji vSak jesté dal$i dopad na okoli
i stdvajici infrastrukturu dotéené lokality. Pri vystavbé je to umistén{
zafizeni staveni§té a zpusob nakldddni s vytéZenou rubaninou.
Vzhledem k predpoklddanému objemu cca 50 tis. m3 vytéZené rubani-
ny doporucujeme provést rozbor vlastnosti téZeného kameniva a navrh
jeho vyuZiti pro stavebni tcely. DalSfm moZnym vyuZitim rubaniny je
napf. rekultivace starych lomu. V opa¢ném piipad€ je tfeba najit vhod-
né umisténi pro jeho sklddku. Pro provoz tunelu je pak tfeba zvazit
nutnost vystavby provozné-technologického objektu (PTO) u portélu
tunelu, zfizeni néstupnich ploch pro jednotky integrovaného zdchran-
ného systému a napojeni na fidici centrum dopravy.

Vystavba tunelu je z hlediska investi¢nich nakladu rozhodujici sou-
Casti planované prelozky silnice I1/157, a proto by feSeni navazujicich
komunikaci, jejich kfiZeni i mostu pres Vitavu mélo byt podfizeno
bezpe¢nostnim rizikam i poZadavkam na vystavbu a provoz tunelu.

Provedend ekonomickd analyza ukazuje, Ze pfi odhadovanych sta-
vebnich ndkladech 570 mil. K¢ vychdzi prOJektova varianta ve srov-
néni s nulovou nadstandardné ekonomicky priznivé. Cistd souasnd
hodnota (NPV) je vétsi nez 0 (1080,74 mil. K¢&), ekonomickd ndvrat-
nost (EiRR) je vys$si nez diskontni sazba 6 % (20,3 %) a pomér piino-
su k ndkladim (BCR) je vét3i nez 1 (3,22). Nejvéts§im piinosem jsou
Casové uspory, které plynou ze sniZeni kongesci (dopravm’ch zécp)

Vsechny prvky ndvrhu tunelu ve studii, jako je tvar pti¢ného fezu,
smérové a vySkové vedeni, umisténi portdli, rozsah hloubenych
a raZenych Cdsti, byvaji vétSinou jiz pevné zafixovany do dalSich stup-
i projektové dokumentace. Proto je tieba jejich ndvrhu vénovat vel-
kou pozornost, pfestoze na tuto fazi projektu nenf pfili§ finan¢nich pro-
stredku, a tudiz ani dostatek Casu na podrobne zpracovani. Vystavba
tunelu v Ceském Krumlové vyrazne prlspeje ke zlepSeni dopravni situ-
ace a zkvalitnéni Zivota ve mésté, a to i pres technické problémy spoje-
né s vystavbou ve stisnéném prostiedi historického mésta.

Dopravni dostupnost limituje rozvoj jednoho z nejkrasnéjsich mést
na sveéte a tuto situaci je tfeba urychlené zlepsit. ReSeni predlozené ve
studii je jednoduché, bude pusobit okamzité a bude spliiovat zvySujici
se dopravni naroky i v budoucnosti. Ted zbyvd jiz jen odvaha uginit
prvni krok, prekonat zaZzité postupy a dal prosazovat zdmér, ktery
mésto nasméruje k Zivotu v moderni Evropé Tato stavba mimo tra-
di¢ni oblasti realizace velkych projektd je dobrym pfislibem i pro
vystavbu dalsich tuneld v Cechéch.
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Obr. 9 Vizualizace severniho portdlu
Fig. 9 Visualisation of a north portal

a service facility at the tunnel portal, establishing assembly areas for
the Integrated Rescue System units and connecting the tunnel to
a traffic management centre.

The tunnel construction is deciding part of the planned diversion of
the II/157 road in terms of capital expenditures. The solution to con-
necting roads, their crossings and the bridge over the Vltava River
should, therefore, be subordinated to the safety risks and require-
ments for the tunnel construction and operation.

The economic analysis which has been completed shows that, at
the estimated construction cost of CZK 570 million, the design vari-
ant is significantly economically favourable compared to the zero
variant. The Net Present Value (NPV) is higher than O (1080.74 mil-
lion CZK), the Economic Internal Rate of Return (EiRR) is higher
than the discount rate of 6% (20.3%) and the Benefit Cost Ratio
(BCR) is higher than 1 (3.22). The greatest benefit is represented by
savings in time, which follow from reduced traffic congestions.

All elements of the tunnel design contained in the study, such as the
geometry of the cross section, the horizontal and vertical alignment,
locations of portals or the extent of cut-and-cover and mined sections
are usually firmly fixed for the subsequent design stages. It is there-
fore necessary to place great attention on designing them, despite the
fact that the funds available to this designing stage are scarce, there-
fore even the time for detailed work is insufficient. The construction
of the tunnel in Cesky Krumlov will significantly contribute to
improving the traffic situation and increasing quality of life in the
town, despite technical problems associated with the work in the con-
strained environment of a historic town.

Transport accessibility has been limiting the development of one of
the most beautiful towns in the world. This situation must be prompt-
ly solved. The solution presented in the study is simple, its effect will
be immediate and will meet increasing traffic demands in the future.
Now, only the courage to make the first step, abandon rooted proce-
dures and further press the concept which will direct the town toward
the life in modern Europe remains to be gathered. This project is,
apart from traditional implementation of large projects, a good pro-
mise even for construction of other tunnels in the Czech Republic.
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PROJEKT A REALIZACE VZDUCHOTECHNICKEHO OBJEKTU NOUZOV
TUNELU STAVBY 513 NA SILNICNIM OKRUHU KOLEM PRAHY
NOUZOV VENTILATION STATION ON LOT 513 OF PRAGUE CITY
RING ROAD - DESIGN AND CONSTRUCTION

RADAN BOHMAN, VLADIMIR PRAJZLER, LIBOR MARIK

uvob

Projektovéni a realizace tunelt dnes jiZz neznamend jen perfektni
zvladnuti geotechnické problematiky nebo technologickych postu-
pu vystavby. Na bezpecnost provozu silni¢nich a ddlni¢nich tunela
dohliZeji sofistikované fidici systémy a pfi ndvrhu technického
feSeni je nutno zohlednit nejen vysi investi¢nich a provoznich
ndkladu a bezpe&nostnich hledisek, ale i vliv dopravy v tunelu na
Zivotni prostredi. Souldsti zaddvaci dokumentace na vystavbu
tuneld Silni¢niho okruhu kolem Prahy (SOKP) v tseku stavby 513
byla i vystavba vzduchotechnického objektu Nouzov, ktery pfi
vysokych dopravnich zdtézich zajiStuje, aby koncentrace $kodlivin
pti provozu neprekracovaly hygienickymi predpisy povolené meze.
Objekt se sklddd z nadzemni ¢4sti, kde je umisténa strojovna vzdu-
chotechniky, technologické zdzemi a vydechovy komin, a déle ze
vzduchotechnické Sachty a podzemniho vzduchotechnického roz-
pletu napojeného na oba hlavni tunely. Cldnek popisuje proces opti-
malizace technického feSeni podzemni ¢dsti vzduchotechnického
objektu a realizaci stavebni c¢dsti vzduchotechnické Sachty
a podzemniho rozpletu.

PUVODNI NAVRH DLE ZADAVACI DOKUMENTACE

Vzduchotechnicky objekt Ize z hlediska vedeni vzduchu rozdélit
do dvou Césti. Na ¢dst odsdvajici zne€isteény vzduch z obou tunelo-
vych trub do vzduchotechnické Sachty a déle pres nadzemni Cdst
objektu do vyfukového komina. V druhé ¢4dsti objektu je do stou-
paciho tfipruhového tunelu doddvdn &isty vzduch, ktery po smiseni
se vzduchem v tunelu sniZuje koncentraci Skodlivin tak, aby na
cholupickém portdle splnovala hygienické normy pro vypousténi
znelisténého vzduchu z tunelu do ovzdusi. Padorysné schéma navr-
Zeného technického feSeni viz obr. 1, kde je modrou barvou vyzna-
Cen prisdvany Cisty vzduch a Cervenou barvou odsavany znecistény
vzduch. Souddsti podzemniho rozpletu byla, kromé pomérné slozi-
tého systému chodeb a kandlu, i dprava konstrukce osténi obou
tunell v misté napojeni na vzduchotechnicky objekt. Profil tunelu
byl oproti standardnimu tvaru nadvySen, na bocich tunelu byly
navrzeny sestupné Sachty se zaluziemi pro odsdavani znecisténého

INTRODUCTION

No more does designing and constructing mean only perfect
coping with geotechnical problems or technological procedures of
construction. Safety of traffic in road and motorway tunnels is
supervised by sophisticated control systems. When a technical solu-
tion is being designed, it is necessary to take into consideration not
only the amount of capital and operating costs and safety aspects,
but also the environmental impact of traffic passing through the tun-
nel. Part of the tender documentation for the construction of tunne-
Is on the Prague City Ring Road (the outer ring), construction lot
513, was, among others, the construction of Nouzov ventilation sta-
tion, which secures that the concentration of pollutants due to high
traffic volumes during the tunnel operation does not exceed limits
allowed by hygiene regulations. The station structure comprises
a superstructure containing a ventilation plant, a technical area and
an exhaust stack and further, a ventilation shaft, an underground
ventilation junction node linking to both main tunnels. This paper
describes the process of optimising the technical solution to the
underground part of the ventilation station and execution of civils
works on the ventilation shaft and the underground junction node.

ORIGINAL DESIGN ACCORDING TO REQUIREMENTS
OF TENDER DOCUMENTATION

The ventilation station structure can be divided in terms of the
air routing into two parts, i.e. a part sucking polluted air from both
tunnel tubes and discharging it to a ventilation shaft and further,
through the superstructure, to an exhaust stack, and the other part
supplying fresh air to the triple-lane (ascending) tunnel to reduce
the concentration of pollution by mixing it with the air in the tun-
nel so that the pollution level at the Cholupice portal complies
with requirements of hygiene standards for exhausting polluted air
to the atmosphere. For the layout of the technical solution draft see
Figure 1, where the fresh air which is being sucked in is marked in
blue and the polluted air being exhausted in red. Part of the
underground junction node was, apart from a relatively complex
system of galleries and ducts, also a modification of the lining of

both tunnels at the point where it connects to

Vydechova cast
Sucking part

the ventilation station structure. Compared
with the standard cross section, the tunnel
profile height was increased, descending
shafts with dampers were designed for the
sites to remove polluted air from the tunnel.
Fresh air was supplied to the space above
a suspended slab in the triple-lane tunnel
and blown into the tunnel at a sufficient
distance from the extraction dampers so that
it was not immediately sucked back. The
proposed technical solution was not optimal
for several reasons:

The tunnel excavation encountered very
hard rock which required the use of the drill-
and-blast disintegration technique. The venti-
lation junction node is found roughly in the
middle of the mined tunnels section, at
a location where the overburden is the hig-

hest. Blasting operations would have caused

Obr. 1 Piidorysné schéma puvodniho technického ieseni
Fig. 1 Layout plan of the original technical solution

significant deterioration of the rock mass
during the excavation of the designed system
of ventilation adits, a ventilation shaft and



Obr. 2 Schéma napojeni vzduchotechnického objektu na jiZni tunel
Fig. 2 Chart of the connection of the ventilation station to the southern tunnel

vzduchu. Cerstvy vzduch byl pfivadén do prostoru nad mezistro-
pem tiipruhového tunelu a vyfukovéan do tunelu v dostate¢né vzda-
lenosti od nasdvacich zaluzii, aby nedochdzelo k jeho opétovnému
nasdvani. NavrZené technické feSeni nebylo optimdlni hned
z nékolika davodu:

- Pfi razbé tunelu byly zastizeny velmi pevné skalni horni-
ny, jejichZz rozpojeni vyZadovalo pouZiti trhacich praci.
Vzduchotechnicky rozplet se nachdzi zhruba uprostied tdseku raze-
nych tuneld v misté s nejvy$sim nadlozim. Vlivem negativnich
ucinka trhacich praci pfi razbé navrzeného systému vzduchotech-
nickych Stol, Sachty a tunelové propojky by doSlo vzhledem
k minimdlnim vzddlenostem podzemnich prostor ke zna¢né degra-
daci horninového masivu s nezddoucimi dopady i do oblasti hlav-
nich tunelu.

- Profily vzduchotechnickych chodeb a kandli navrzené
v obdélnikovych a asymetrickych tvarech
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a tunnel cross passage. The negative effects would have been spre-
ad even to the area of the main tunnel tubes.

The rectangular and asymmetric geometry of ventilation adits
with extremely flat upper vaults which had been designed does not
appear advantageous in terms of the structural behaviour.

A very thin rock pillar remained between the underground venti-
lation station structure and cross passage No.5; it was only 1m thick
in the locations of niches in the ventilation adit!

The ventilation junction node was complex as far as the construc-
tion work and subsequent maintenance during operation is concer-
ned. Structural details of connections for individual underground
spaces were very difficult to perform and were potential sources of
defects. First of all in cases of the waterproofing membrane leaka-
ge, removing leaks would require very expensive and difficult to
implement measures.

The tunnel cross-sectional area, reaching 107m? in the northern
tube and even 138m? in the southern, was further enlarged in the
junction node location as a result of the creation of a ventilation duct
above the profile of both tunnel tubes. Figure 2 shows the connecti-
on of the underground ventilation station to the triple-lane tunnel as
required by the tender documentation. Enlarging the profile during
the construction work would have meant the necessity to modify the
technological procedure and use many atypical elements of both the
primary and final linings.

The proposed principle of ventilation expected that an intermedia-
te deck would be built in both tunnel tubes. The section in question
was 55m long in the triple-lane tunnel and only 5m long section in
the double-lane tube. Using the cross-section containing the interme-
diate deck required structural modification of standard travelling
forms for casting of the final lining and using special formwork for
the casting of the intermediate deck itself. This would have affected
both the construction time and the cost of works because the special
formwork for the intermediate deck would have been used on a very
short tunnel section. The planned extent of the intermediate deck use
in the northern and southern tunnel tubes is shown on Fig. 3.

The intermediate deck is a critical element in terms of fire safe-
ty because the task to secure fire resistance of the deck is much more
difficult to solve compared with the tunnel lining vault. In a case of
a collapse of the structure, the collapsed intermediate roof means
blocking of the escape route, just in the location of the cross passa-
ge in this specific case.

The net cross-sectional area of the tunnel in the area of the inter-
mediate deck is reduced by nearly 25%, which is not optimal in
a case of smoke spreading through the tunnel during a fire. The

s velmi plochou horni klenbou se nejevi jako
vyhodné z hlediska statického ptsobeni.

Mezi podzemnim vzduchotechnickym
objektem a tunelovou propojkou ¢. 5 zbyval
velmi tenky horninovy pilif, ktery v misté
vyklenkl vzduchotechnické chodby dosaho-
val mocnosti jen 1 metr!

- Vzduchotechnicky rozplet byl slozity na
realizaci i na nédslednou ddrzbu pfi provozo-

vani tunelu. Detaily napojeni jednotlivych
podzemnich prostor byly velmi ndrocné na
provadéni a mohly byt zdrojem vad. Zejména

pri netésnostech hydroizolaéni félie by vyza-
dovala sanace prusaku pouziti velmi ndklad-
nych a obtizné proveditelnych opatreni.

- Profil tunelu, ktery dosahuje v severni trou-
bé 107 m? a v jizni troubé dokonce 138 m?,
doznal v misté rozpletu dal§tho zvétSeni
vytvofenim vzduchotechnického kandlu nad
profilem obou tunelti. Obr. 2 ukazuje schéma
napojeni podzemniho vzduchotechnického
objektu na tfipruhovy tunel podle zadavaci
dokumentace. ZvétSeni profilu by pri vystav-
bé znamenalo tpravu technologického postu-
pu a pouZiti mnoha atypickych prvku jak

v primédrnim, tak definitivnim osténi.

- NavrZeny princip vétrdni predpokladal

vybudovdni mezistropu v obou tunelovych
troubdch. V tiipruhovém tunelu se jednalo

Obr. 3 Rozsah mezistropu dle zaddvaci dokumentace
Fig. 3 The extent of the intermediate deck according to the tender documentation
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o usek délky 55 m, v dvoupruhovém tunelu dokonce jen o tsek
délky 5 m. PouZiti pri¢ného fezu s mezistropem by vyZzadovalo pfi
betondzi definitivniho osténi konstrukéni tpravu standardnich bed-
nicich vozu a pouziti specidlniho bednéni v pripadé€ vlastni betona-
Ze mezistropu. To by mélo dopad jak do doby vystavby, tak do ceny
provadénych praci, nebot’ specidlni bednéni mezistropu by bylo
pouZzito na velmi kratkém tuseku tunelu. Pldnovany rozsah pouZiti
mezistropu v severni i jizni tunelové troubé ukazuje obr. 3.

- Mezistrop predstavuje kriticky prvek z hlediska pozarni bez-
pec¢nosti, protoZe zajisténi jeho poZarni odolnosti v porovndni
s klenbou osténf{ je podstatné sloZitéjsi. Pfi kolapsu konstrukce zna-
mend ziiceni mezistropu znepruchodnéni dnikové cesty, v tomto
pripadé dokonce v misté tunelové propojky.

- V oblasti mezistropu dochdzi ke zmenseni svétlé plochy tunelu
o téméf 25 %, coZ pri §ifeni koufe v tunelu pfi poZdru neni opti-
malni. SniZeni prijezdné vysky vylucuje prepravu nadmérnych
néklada.

Z vyse uvedenych duvoda pristoupil projektant realizadni doku-
mentace po dohodé se zdstupci zhotovitele i investora
k optimalizaci technického feSenf stavebni Cdsti vzduchotechnické-
ho objektu. Tato optimalizace byla moznd jen za tizké spoluprace
s autorem vzduchotechnického ndvrhu a zpracovatelem realiza¢ni
dokumentace vzduchotechniky tunelu — firmou Satra, a. s.

UPRAVA TECHNICKEHO RESENI PRI ZPRACOVANI
REALIZACNI DOKUMENTACE

Pfi dpraveé technického feSeni vychdzel projektant realizaéni
dokumentace z ndsledujicich poZadavka:

— dprava technického feSeni nesmi byt na tkor funkénosti dila

jako celku;

—uUpravy nesmi vyvolat navySeni investi¢nich a provoznich
nakladu;

— minimalizovat zdsah do horninového masivu a zejména horni-
nového pilife mezi tunely;

— zkrdceni doby vystavby;

— privod, resp. odvod poZzadovanych objemu vzduchu pro obé
tunelové roury bude zaji§tén dostate¢nym profilem vzducho-
technickych cest stanovenym zpracovatelem realizani doku-
mentace vzduchotechniky tuneld (firmou Satra), pfi¢emz
nesmi dojit ke smisenf ,,Cistého* a znecisténého vzduchu;

— zjednoduseni razby a provadéni definitivniho osténi rozpletu
nebude mit negativni vliv na vystavbu hlavnich tunela.

Ke kli¢ovym okamzikam pfi ndvrhu nového technického feSeni
patfilo rozhodnuti o slouceni tunelové propojky €. 5 a vzducho-
technického objektu do jednoho celku. Zpocatku projektant uvazo-
val o provedeni $toly atypickych rozmért mezi obéma tunely, kterd
by svym profilem vyhovovala obéma ucelam. Diky spolupréci

Wil it 3
“} Zachranna cesta Technologie
Rescue route ., ,Fauipment

Propojka ¢. 5
No. 5 cross passage

Obr. 5 Schéma vedeni vzduchu dle nového reseni
Fig. 5 Air distribution system according to the new design

Obr. 4 Umisteni vrtu DN800 mm na dné vzduchotechnické Sachty
Fig. 4 Location of the DN800mm borehole at the ventilation shaft bottom

reduced height clearance makes the passage of vehicles with exces-
sive height loads impossible.

For the above-mentioned reasons, the author of the detailed
design, after discussions with representatives of the client and the
contractor, started to optimise the technical solution of the civils part
of the ventilation station structure. The optimisation was possible
only under the condition of close co-operation with Satra a. s., the
author of the ventilation design and the detailed design for the tun-
nel ventilation.

MODIFICATION OF THE TECHNICAL SOLUTION DURING THE
WORK ON THE DETAILED DESICN

The designer for detailed design, when modifying the technical
solution, started from the following requirements:

- The changes in the technical solution must not be carried out on

behalf of the overall works functioning;

- The changes must not result in increased capital expenses or
operating costs;

- The intervention to the rock mass must be minimised, above all
as far as the intermediate pillar between the tubes is concerned;

- The construction time must be cut;

- The supply or extraction of the required volumes of air will be
ensured for both tunnel tubes through a sufficient area of the
ventilation routes, which will be determined by calculations car-
ried out by the author of the detailed design for the tunnel ven-
tilation (Satra a. s.); the fresh air and polluted air must not get
mixed together;

- The simplification of the excavation must not negatively affect
the construction of both main tunnels.

One of the moments crucial for the new technical solution design
was the decision to join No. 5 cross passage with the ventilation sta-
tion to form one unit. In the beginning, the designer considered con-
structing a gallery with atypical dimensions between both tunnels,
the profile of which would be convenient for both purposes.
However, thanks to the co-operation with the designer for ventilati-
on, they succeeded in using a standard profile of the cross passage,
identical with the profiles of all other escape routes in the tunnel,
and use its height by inserting the intermediate deck, over which
polluted air sucked from both tunnels will flow. This solution gave
rise to a multi-functional underground structure serving as an esca-
pe route, a space for switchboards and a fundamental element of the
ventilation of both tunnels in a case of increased concentration of
pollutants in the tunnel atmosphere. The new design replaces the
intermediate decks in the tunnels by a ventilation by-pass adit
through which fresh air is supplied to the ascending triple-lane tun-
nel. No. 5 cross passage will house, in addition, the connection of
both branches of the hydrant main with an over 3m deep shaft hou-
sing pressure control valves.

In this case, the location of the underground structure is bound, in
addition, to the above ground structure of the ventilation station,
which is confirmed in the land-use plan and the location of which is
limited by the plan area of permanent works. A large-diameter, DN
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Obr. 6 Varianty podzemniho rozpletu na 3D modelu
Fig. 6 Variants of the underground junction node in a 3D model

s feSitelem vzduchotechniky se v8ak podarilo pouZit standardni pro-
fil tunelové propojky jako u vSech ostatnich tnikovych cest v tunelu
a vyuzit jeji vySku vloZenim mezistropu, nad kterym bude uskutec-
néno odsavéni zne¢i§téného vzduchu z obou tuneld. Vznikl tak mul-
tifunkéni podzemni objekt, ktery slouzi jako dnikova cesta, prostor
pro rozvadéde i zdsadni prvek odvétrani obou tunell v piipadé zvy-
Seni koncentrace skodlivin v ovzdusi. Mezistropy v tunelech nahra-
zuje v novém ndvrhu obchozi vzduchotechnicka §tola, kterd privadi
Cisty vzduch do stoupajiciho tripruhového tunelu. V propojce €. 5 je
navic umisténo propojeni obou vétvi pozdrniho vodovodu s Sachtou
redukénich ventild hlubokou pres 3 m.

Umisténi podzemniho objektu je v tomto pripadé védzdno i na
povrchovy objekt vzduchotechniky, ktery je zakotven v dzemnim
plénu a jehoZ poloha je omezena zdborem pozemku. Pfi razbé pru-
zkumné geotechnické $toly byl v téchto mistech proveden velko-
primérovy vrt DN 800 mm, ktery slouzil k jejimu odvétrani.
Poloha vzduchotechnického vrtu méla puvodné odpovidat poloze
pldanované vzduchotechnické Sachty s vyuzitim vrtu pti hloubeni
Sachty pro shoz rubaniny do drovné tuneld. Pfed zahdjenim pro-
jek&nich praci proto do$lo k zaméreni skute¢né polohy vrtu a na
zdkladé novych informaci bylo zji§téno, Ze vrt byl situovdn asi 3 m
od polohy predpoklddané projektem. Bez posunu vzduchotechnic-
ké Sachty by vrt prochdzel primdrnim osténim zajistujicim stabilitu
vyrubu pfi jejim hloubeni. V rdmci zdboru pozemkua doslo proto
k mirnému posunu celého nadzemniho objektu tak, aby poloha sta-
vajiciho vrtu a jeho vzddlenost od osténi Sachty umoznovala préci
mechanisma pouzitych pfi hloubeni. Obr. 4 ukazuje dno Sachty
a pobliz lezného oddé€leni se nachdzi zminovany vzduchotechnicky
vrt DN 800 mm. Pidorysné rozméry nadzemniho vzduchotechnic-
kého objektu zustaly zachovény.

Presné napojeni vzduchotechnické Sachty (s vazbou na povrch)
a §tol v podzemi bylo ddle vdzdno na bloky betondZe definitivniho
osténi tunelu. Pfi razbé tunelt v misté propojky &. 5 nebyla diky
novému ndvrhu nutnd zdsadni uprava technologického postupu
razeb, pouze dodrzeni délky zdbéru max. 1,5 m a provedeni systé-
mového kotveni pro navrZzenou technologickou tridu vyrubu
v misté propojek.

Obchozi vzduchotechnicka §tola délky 29 m o plo3e vyrubu 18 m?
vychédzi ze vzduchotechnické Sachty a zatstuje do tfipruhového
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800mm borehole was carried out while excavating a geotechnical
exploration gallery, designed to ventilate it. The location of the venti-
lation borehole was originally expected to coincide with the location
of the planned ventilation shaft. It was to be used during the course of
the shaft sinking for dropping the muck down to the tunnel level. The
actual location of the borehole was therefore surveyed before com-
mencing the work on the design. It was found on the basis of new
information that the borehole was located at a distance of about 3m
from the location assumed in the design. If the ventilation shaft had
not been shifted, the borehole would have run through the primary
lining supporting the excavation during the shaft sinking operations.
The entire above ground structure was therefore slightly shifted, wit-
hin the plan area of permanent works, so that the location of the exis-
ting borehole and its distance from the shaft lining allowed the shaft
sinking equipment to work. Figure 4 shows the shaft bottom; the
above-mentioned DN 800mm ventilation borehole is found in the
vicinity of the ladder compartment. Ground plan dimensions of the
above ground part of the ventilation structure remained unchanged.

The exact connection of the ventilation shaft (with a relation to
the surface layout) and adits in the underground was further bound
to the casting blocks of the tunnel lining. Owing to the new design,
no substantial changes in the technological procedure for the exca-
vation were necessary when driving in the location of cross passage
No. 5. It was only necessary to maintain the maximum round length
of 1.5m and install an anchoring system specified for the excavati-
on support class determined for the location in which the cross pas-
sages were designed.

The 29m long ventilation by-pass adit with the excavated cross-
sectional area of 18 m? starts from the ventilation shaft and conne-
cts to the triple-lane (southern) tunnel. The cross-sectional area of
the adit had to be increased to 26m? in the location of the adit con-
nection to the tunnel to allow the installation of a ventilation dam-
per with actuators. The end of the by-pass adit connecting to the
triple-lane tunnel was designed to be at a distance of 23m from the
suction outlets so that sucking of fresh air back to the exhaust part
of the structure was prevented. The joining of No. 5 tunnel cross
passage with the underground junction node complies with the con-
ditions for maximum allowable intervals between cross passages sti-
pulated by an European standard. The cross passage, which was
designed in the standard way only for escape of people, serves also
ventilation purposes after the changes. Owing to the addition of the
intermediate deck to the cross passage, a space originated suitable
for the extraction of polluted air from both tunnels (see Fig. 5). The
space underneath the intermediate roof in the cross passage serves
as an escape route for people and for the installation of the tunnel
equipment.

Finding all spatial relationships, both in terms of construction
work and operation, required a 3D model to be developed. In the
beginning, the by-pass adit was planned to be connected to the cross
passage at the same level. After thoroughly assessing all positives
and negatives, the designer decided to change the location of the by-
pass ventilation adit connection, shifting it to join the ventilation
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Obr. 7 BetondZ mezistropu v propojce ¢. 5
Fig. 7 Casting of the intermediate deck in No. 5 cross passage



shaft above the cross passage
crown. Among the positives of
the proposed solution, we can
name better possibility of drai-
ning the ventilation adit, higher
rigidity of the shaft — adit -
cross passage intersection, as
well as a higher degree of utili-
ty of equipment spaces in the
cross passage. The variants of
the technical solutions which
were examined, i.e. solutions
containing the connection of the

Obr. 8 Napojeni obchozi $toly na jiZni tunel — rozvinuty rez
Fig. 8 Connection of the by-pass adit to the southern tunnel

jizniho tunelu. V misté napojeni §toly na tunel musela byt Stola roz-
§ffena na plochu 26 m? z diivodu osazeni vzduchotechnické klapky
a jejiho ovladani. Vyidsténi obchozi $toly do tfipruhového tunelu
navrhl projektant ve vzddlenosti 23 m od nasdvacich otvora, aby
nedochazelo ke zpétnému nasdvani Cerstvého vzduchu do vyfuko-
vé Casti objektu. Slouceni tunelové propojky ¢. 5 s podzemnim roz-
pletem vyhovuje podminkdm maximélné pfipustné vzdélenosti pro-
pojek podle evropského standardu. Propojka standardné navrzend
jen pro tnik osob po dprave slouZi i vzduchotechnickym d&elam.
Pfiddnim mezistropu do propojky vznikl prostor pro odsdvani zne-
¢isténého vzduchu z obou tunelt — viz obr. 5. Prostor pod mezi-
stropem propojky slouZ{ pro tnik osob i pro umisténi technologic-
kého vybaveni tunelu.

Nalezeni vSech prostorovych souvislosti jak po strance stavebni,
tak provozni si vyzddalo vytvoreni 3D modelu. Zpocétku se uvazo-
valo se zadsténim obchozi $toly do propojky na stejné vyskové
trovni. Po dikladném zhodnoceni vSech kladu a zéporu rozhodl
projektant o zméné polohy zadsténi obchozi vzduchotechnické
Stoly do vétraci Sachty nad drovni klenby propojky. K pozitivim
navrzeného feSenf patfi lep§i moZnost odvodnéni vzduchotechnické
Stoly, vetsi tuhost praniku Sachty, Stoly a propojky i lepsi vyuZitel-
nost technologickych prostor v propojce. Zkoumané varianty tech-
nického feSeni se zatsténim obchozi vzduchotechnické $toly na
droven dna propojky a nad vrchol klenby propojky ukazuje obr. 6.

Vzhledem k tomu, Ze Sachta dsti pfimo do klenby tunelové pro-
pojky a jeji osténi prendsi ¢dst zatizeni ze Sachty, navrhl projektant
v misté pruniku Sachty v propojce spodni klenbu, ktera 1épe piena-
§i zatizeni do podlozi. Dal§im opatfenim k omezen{ prenosu zatiZe-
ni ze vzduchotechnické Sachty do osténi propojky predstavovalo
zazubeni osténi Sachty vyztuZenym limcem vysky 1,4 m situova-
nym cca 3 m nad zadsténim obchozi §toly do vzduchotechnické
Sachty.

Novy ndvrh bylo nutné konzultovat se zpracovatelem poZarné-
bezpecnostniho feseni stavby, Fakultou bezpe¢nostniho inZenyrstvi
VSB Ostrava, nebot se jednalo o zdsadni zdsah do ptivodné navr-
hovanych konstrukei i celkové koncepce podzemniho rozpletu.
Vzhledem k tomu, Ze cely vzduchotechnicky objekt neni zalenén
do pozarniho rezimu vétrani tunelu, jednalo se o posouzeni, zda pri
pozéaru v jedné tunelové troubé nemuze dojit k ohrozeni bezpeé-
nosti v druhé tunelové troubé, kterd v takovém pripadé slouzi jako
bezpend dnikové cesta. Nejveétsi problém predstavovalo ziskdni
certifikdtu pozdrni odolnosti vzduchotechnickych klapek oddéluji-
cich vzduchotechnicky kandl nad mezistropem tunelové propojky
&. 5 od obou tuneli. Pokud by nedoSlo prokazatelné k zajistén{
pozadované pozirni odolnosti klapky, mohl by se poZzidr z jedné
tunelové trouby rozs§itit i do druhé tunelové trouby, coZ je z pohledu
pozarné-bezpecnostniho feSeni neakceptovatelné. Na toto téma
probéhla fada diskusi a jedndni. Vzhledem k tomu, Ze jednani jiz
ohrozZovala plynulou realizaci stavby, zhotovitel dila prohlasil, Ze
pozadovany certifikdt pfed uvedenim dila do zkuSebniho provozu
dolozi.

VYHODY NOVE NAVRZENEHO TECHNICKEHO RESENI

Novym ndvrhem technického feSeni vzduchotechnického roz-
pletu s redukci na Sachtu, multifunkéni tunelovou propojku
a obchozi vzduchotechnickou §tolu dos§lo k vyraznému zjednoduse-
ni dila. Nadzemni &dst objektu zustala po stavebni strance beze

ventilation adit at the cross pas-
sage bottom or above the cross passage crown, are shown on Fig. 6.

Taking into consideration the fact that the shaft is directly conne-
cted to the cross passage vault and its lining carries part of the loa-
ding exerted by the shaft, the designer proposed an inverted arch for
the location at the intersection with the shaft, which better transfers
loads to the sub-base. Another measure designed to limit the transfer
of loads from the ventilation shaft to the cross passage lining com-
prised a shear key formed by a 1.4m high reinforced collar on the
ventilation shaft lining, located about 3m above the connection of
the by-pass adit to the ventilation shaft.

The new design had to be consulted with the author of the fire
safety design (the Faculty of Safety Engineering of the Technical
University of Ostrava) because it was a crucial intervention into the
originally designed structures and the general concept of the underg-
round junction node. Since the entire ventilation station is not incor-
porated into the fire ventilation regime of the tunnel, the task was to
assess whether a fire in one tunnel tube could jeopardise the safety
in the other tunnel tube, which serves as an escape route in such
a case. The biggest problem was the necessity to obtain fire resi-
stance certification for the fire ventilation dampers separating the
ventilation duct above the intermediate deck of No. 5 cross passage
from both tunnels. If the required fire resistance of the dampers had
not been provably met, a fire could have spread from one tunnel
tube even to the other tube, which would have been absolutely una-
cceptable in terms of the fire design. This issue was a topic of many
discussions and negotiations. Taking into consideration the fact that
the negotiations threatened the fluent construction works, the con-
tractor stated that it would submit the required certificate before the
tunnel is opened to traffic.

ADVANTAGES OF THE NEWLY DESIGNED TECHNICAL SOLUTION

The structure was significantly simplified owing to the new
desig for the technical solution to the ventilation junction node with
connections to the shaft, the multi-functional tunnel cross passage

Obr. 9 PrordzZka Sachty do pristupové §toly
Fig. 9 Shaft breakthrough into the access adit




Obr. 10 Hydroizolace v misté podzemniho rozpletu
Fig. 10 Waterproofing in the underground node location

zmén. Pro podzemni vzduchotechnicky objekt byla vyuZi-
ta tunelové propojka €. 5, ¢imZ doslo k vypusténi celého pivodni-
ho komplexu kandli a S$tol nad a mezi tunely. Tvar propojky
i dimenze jejiho osténi jsou shodné s ostatnimi propojkami stavby
513. Standardni osténi propojky doznalo zmén pouze vloZenim
mezistropu a prunikem se vzduchotechnickou Sachtou. BetondZ
mezistropu v multifunkéni propojce ukazuje obr. 7. Zhotovitel
mohl pfi vystavbé tuneld postupovat stejnym technologickym
postupem, pouze v piipadé napojeni obchozi vzduchotechnické
Stoly na tifpruhovy tunel bylo nutné zajistit specidlni kréek bedné-
ni v pruniku obou dél. Napojeni definitivntho osténi obou tunelu
v misté propojky €. 5 bylo stejné jako v pripadé vSech ostatnich
prinikd tuneld s propojkami. Konstrukce mezistropu propojky
a napojeni na Sachtu byly provddény dodateéné po vybetonovani
definitivniho osténi tunelu. Obr. 8 ukazuje rozvinuty podélny fez
obchozi vzduchotechnickou $tolou a schéma proudéni Cistého
i znecisténého vzduchu.

REALIZACE SACHTY A PODZEMNIHO ROZPLETU

Pri provadéni geotechnického prizkumu pro tunely byla v kaloté
tifpruhového tunelu vyraZena v celé jeho délce pruzkumnd $tola.
V misté vzduchotechnické Sachty Nouzov byl proveden jiz zmino-
vany vzduchotechnicky vrt pruméru 800 mm a pfistupovd $tola
vedend z pruzkumné $toly k jeho paté, ktera byla situovéna tak, Ze
Caste¢né zasahovala do profilu tunelové propojky, ¢dsteéné do hor-
ninového masivu mimo propojku. Stavajici vzduchotechnicky vrt
byl vyuzit pti hloubeni Sachty pro shazovéni rubaniny do podzemi,
odkud byl tento materidl vyvdZen jiznim tunelem na deponii. Sach-
ta o pruméru 7,9 m a hloubky 43 m byla provadéna z povrchu se
zajisténim stability vyrubu primdrnim osténim ze stiikaného beto-
nu tl. 200 mm se sitémi KARI a vyztuZnymi ocelovymi rdmy.
Horninovy masiv vyztuZovaly kratké kotvy délky 2 m, instalované
po obvodé Sachty. Hloubeni Sachty probihalo podle standardniho
technologického postupu bez komplikaci, horninovy masiv vyka-
zoval dobrou stabilitu a pritoky vody svéd¢ily o minimdlnim zvod-
néni horninového masivu. V okamziku, kdy dno Sachty dosdhlo
stropu piistupové $toly spojujici pruzkumnou $tolu a vzduchotech-
nicky vrt, muselo dojit k pferuseni hloubeni, vyplnéni tohoto pro-
storu hubenym betonem a nésledné k prezméhéni do tvaru profilu
tunelové propojky €. 5. Prordzku Sachty do pristupové Stoly vedou-
ci k paté vzduchotechnického vrtu ukazuje obr. 9 (foto D2 Consult
Prague).

Po vyraZeni tunelové propojky ¢. 5, napojeni na vzduchotech-
nickou Sachtu a po vyrazeni obchozi vzduchotechnické stoly mohla
zalit instalace mezilehlé foliové izolace tl. 2,5 mm se signdlni vrst-
vou. K nejnaro¢ndjsim tsekum na tunelech SOKP 513 z hlediska
provadéni izolaci bezesporu patii pravé podzemni vzduchotechnic-
ky rozplet, a to i pres veskera zjednoduseni, kterych se v prabéhu
zpracovdni realizaéni dokumentace podafilo dosdhnout. Systém
zajisténi vodonepropustnosti osténi vychézel z destnikového typu
s tim, Ze se na bocich obchozi vzduchotechnické Stoly nenachdzeji
bo¢ni drendze, ale pouze nopova félie. Diky podélnému sklonu
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Obr. 11 Standardni vyztuZeni definitivaiho osténi Sachty — sit¢ KARI
Fig. 11 Standard reinforcement of the final shaft lining — KARI mesh

and the by-pass ventilation adit. From the structural point of view,
the above ground part of the structure remained unchanged. No. 5
cross passage was used for the underground ventilation structure,
therefore the whole original complex of ducts and adits above and
between the tunnels was left out. The cross passage geometry and
dimensions of the cross passage lining are identical with the other
cross passages in construction lot 513. The standard lining of the
cross passage underwent changes consisting only of the insertion of
the intermediate deck and the intersection with the ventilation
shaft. Figure 7 shows the casting of the intermediate deck in the
multi-functional cross passage. The tunnelling contractor was able
to use the same technological procedure during the course of the
construction, with the exception of the by-pass ventilation adit con-
nection to the triple-lane tunnel, where a special formwork collar
had to be installed at the intersection between both workings. The
connection of the final lining of both tunnels in the location of No.
5 cross passage was the same as the connections of the tunnels in
the cases of all other cross passages. The intermediate deck struc-
ture and the connection to the shaft were carried out subsequently,
after the casting of the final tunnel lining. Figure 8 presents the
unwrapped longitudinal section through the ventilation by-pass adit
and a chart of the fresh and polluted air flows.

CONSTRUCTION OF THE SHAFT AND UNDERGROUND
JUNCTION NODE

A geotechnical gallery was driven throughout the tunnel length,
following the trace of the future triple-lane tunnel top heading. The
above-mentioned 800mm-diameter ventilation borehole was carried
out in the location of the Nouzov ventilation shaft, with an access
adit leading from the exploratory gallery to the bottom of the bore-
hole, which was located partially within the profile of the cross pas-
sage and partially in the rock mass outside the cross passage. The
existing ventilation borehole was used during the shaft sinking work
for dropping the muck down to the underground, where it was loa-
ded and transported through the southern tunnel to a stockpile. The
shaft, 7.9m in diameter and 43m deep, was sunk from the surface,
with the excavation support provided by a 200mm thick primary
lining consisting of shotcrete, KARI mesh and lattice girders. The
rock mass was reinforced by short, 2m long anchors installed around
the shaft circumference. The shaft sinking operations proceeded in
accordance with a standard excavation technique, without compli-
cations; the rock mass was relatively stable and water inflows gave
evidence of the minimum saturation of the rock mass with water. At
the moment when the shaft bottom touched the roof of the access
adit connecting the exploratory gallery and the ventilation borehole,
the shaft sinking had to be suspended. The space had to be backfil-
led with lean concrete and, subsequently, the space had to be re-
excavated to correspond to the profile of cross passage No. 5. The
shaft breakthrough into the access adit leading to the bottom of the
ventilation borehole is shown in Fig. 9 (Photo courtesy D2 Consult
Prague).

After completing the excavation of cross passage No. 5, con-
necting it to the ventilation shaft and excavating the ventilation -
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Obr. 12 VyztuZeni prutovou vyztuZi v misté pruniku Sachty a propojky &. 5
Fig. 12 Reinforcement at the shaft intersection with the cross passage No. 5
using reinforcing bars

obchozi §toly 10 % a umisténi mezi obéma tunely sta¢i nopova
folie bez problému svadét podzemni vodu z boku Stoly k bo&nim
drendzim tiipruhového jizniho tunelu.

Zatimco standardni délka bloku betondZe propojky dosahuje
pouze 5 m, v mist€ pruniku se vzduchotechnickou $achtou se délka
bloku betondZe prodlouZila na 10 m. V misté praniku propojky
a Sachty musel proto zhotovitel nasadit specidlni bednéni, umoznu-
jici betondz bloku délky 10 m se spodni klenbou. Provadén{ prani-
ku bylo ndro¢né jak z hlediska izolatérskych praci, tak vlastni beto-
ndze. Pohled do vzduchotechnické Sachty s napojenim obchozi
Stoly ve fézi provadéni hydroizolaci ukazuje obr. 10.

Pracovni spdry rozpletu byly umistény nad horni klenbu propojky
a cca 1 m za kr¢kem obchozi vzduchotechnické Stoly. Po vybetono-
van{ pruniku jiZz probihala betondZ osténi Sachty po blocich délky
4 m a tloustce osténi 300 mm. Posun bednéni po betondzi
a odbednéni zajiStoval jerdb umistény nad ohlubni Sachty. Vyztuz
definitivniho ostén{ Sachty byla upravena tak, aby na vylamovaci
trny mohla byt stykovdna vyztuz stiedni délici stény betonované
s Casovym odstupem za betondZ{ osténi Sachty. Standardni vyztuz
definitivniho osténi Sachty tvorily sit¢ KARI u obou povrchu ostén{
(obr. 11 foto Ekostav), pouze v misté prunika Sachty s propojkou
a obchozi §tolou byla pouZita prutovd vyztuz (obr. 12). Délici sténa
rozdeluje profil vzduchotechnické Sachty na &dst privadéjici Cerstvy
vzduch do tunell a na st odvadéjici znedistény vzduch z tunelt.

Stejnym zpusobem, jako v pripad€ napojeni stfedni stény a osténi
Sachty, byla pomoci vylamovacich trna stykovdna vyztuz dodate¢-
né betonovaného mezistropu a osténi v tunelové propojce ¢. 5.
Z hlediska vyroby patfila k ndro¢nym dkolum i pfiprava bednéni
obchozi vzduchotechnické §toly. Trasa podkovovitého profilu Stoly
lezela ve smérovém i vySkovém oblouku, coz kladlo pri vyrobé,
montdZi i osazovéni bednéni zvySené ndroky na provadéni.

Vzduchotechnickd Sachta slouZi i pro veden{ kabell spojujicich
nadzemni vzduchotechnicky objekt s tunely. Vzhledem k nejasnym
majetkovym vztahim bylo dlouhou dobu obtizné rozhodnout
o zpusobu napdjeni nadzemniho vzduchotechnického objektu.
Projektant proto vychézel z pivodniho ndvrhu napdjeni nadzemniho
objektu z tuneld. Na sténu vzduchotechnické Sachty proto byly
instalovdny kabelové roSty. Pro revizi Sachty slouZi ocelové lezné
oddéleni, vyrobené vzhledem k ocekdvané agresivité ovzdusi
z nerezové oceli. Pohled do ¢asti vzduchotechnické Sachty s leznym
oddélenim uréené pro privod Cistého vzduchu ukazuje obr. 13.

NADZEMNI VZDUCHOTECHNICKY OBJEKT

Nad vzduchotechnickou Sachtou se nachdzi nadzemni objekt,
ktery tvofi monolitickd, Zelezobetonova konstrukce o pudorysnych
rozmérech 31 m x 22 m s vydechovym kominem vysky 20 m, zalo-
Zend na subtilni zdkladové desce tloustky 300 mm. Stejné jako pod-
zemni prostory i nadzemni objekt miZeme z hlediska vzduchotech-
niky rozdélit na ¢ast nasdvaci a vydechovou. Nasdvani Cerstvého
vzduchu probihé pres mohutnou Zaluzii rozmért 4 m x 4 m, svétly
pudorysny rozmér vydechového kominu dosahuje 5 m x 5.4 m. Pro
sani je navrZzen jeden ventildtor, vydechovy ventildtor je zdvojeny,

by-pass adit, it was possible to commence the installation of an
intermediate waterproofing system consisting of a 2.5mm thick
membrane with a signal layer. One of the sections of the tunnels in
construction lot 513 of the Prague City Ring Road most demanding
in terms of the waterproofing installation is, undoubtedly, the
above-mentioned underground ventilation junction node, despite
all the simplifications which were achieved during the course of the
work on the detailed design. An umbrella type system securing the
waterproof lining was applied, with a dimpled sheet membrane
along the sides of the ventilation by-pass adit instead of drains.
Owing to the 10% longitudinal incline of the by-pass adit and its
location between both tunnels, the dimpled membrane is without
problems capable of diverting ground water from the adit sides to
side drains of the triple-lane (southern) tunnel. While the standard
length of a casting block of a cross passage reaches only 5m, it was
extended to 10m in the location of the intersection between the adit
and the ventilation shaft. For that reason the contractor had to use
special formwork in this location, which allowed the casting of
a 10m long block with an invert. The work on the intersection was
difficult in terms of both the installation of the waterproofing and
the casting itself. Figure 10 presents a view down the ventilation
shaft, with the by-pass adit connecting to it, in the phase of the
waterproofing installation.

Construction joints of the junction node were located above the
upper vault of the cross passage, about 1m behind the collar of the
ventilation by-pass adit. When the casting of the intersection had
been completed, the casting of the 300mm thick shaft lining conti-
nued in 4m long blocks. The formwork after stripping was moved by
means of a crane installed above the pit bank. The reinforcement of
the shaft final lining was installed in a way allowing the reinforcing
bars for the central dividing wall, which was cast with a delay after
the casting of the shaft lining, to be spliced with break-off starter
bars. The standard reinforcement of the final shaft lining consisted
of two layers of KARI mesh installed at both surfaces of the lining
(see Fig. 11 — Photo courtesy Ekostav); reinforcing bars were used
only at the shaft intersection with the cross passage and the by-pass
adit (see Fig. 12). The cross-section of the ventilation shaft is divi-
ded by a dividing wall into a part supplying fresh air to tunnels and
a part sucking polluted air from the tunnels.

The same method as in the case of connecting the central wall and
the shaft lining, using break-off starter bars, was applied to the spli-
cing of rebars of the additionally cast intermediate deck and the
lining in cross passage No. 5. In terms of the assembly, the prepara-
tion of the formwork for the ventilation by-pass adit lining belonged
among difficult tasks. The alignment of the horseshoe shaped profi-
le adit was curved both horizontally and vertically, which put heavy
demands on workmanship during the course of the production,
assembly and installation of the formwork.

The ventilation shaft also serves to housing of cables connecting
the above ground ventilation structure with the tunnels. Because of
unclear property relationships, it was difficult for a long time
to decide on the system of supplying power to the above ground ven-
tilation structure. The designer therefore started from the original

Obr. 13 Lezné oddeleni ve vzduchotechnické Sachté v édsti pro privod vzduchu
Fig. 13 Ladder compartment in the ventilation shaft — the air supply part




Obr. 14 Nadzemni cdst vzduchotechnického objektu
Fig. 14 Above ground part of the ventilation structure

pri¢emz jeden ventildtor slouZi jako zdlozni. Nad kazdym ventilato-
rem se nachdzi jefdbovad drdha ur€end pro jeho zavaZeni, montdz
a demontdZz pri pripadné vyméné. Napojeni na vzduchotechnickou
Sachtu je provedeno v prvnim podzemnim podlaZi. Zatésnéni prosto-
ru vykopu po obvodu objektu je provedeno popilkocementem, aby
nedochdzelo k dotaci puklin v horninovém masivu v okoli Sachty
z prostoru zasypané stavebni jdmy objektu. Bezobsluzny objekt se
nachédzi na samot¢ u lesa a tomu odpovidd jeho strohé provedeni.
Vzhledem k moZnym a odekdvanym projevim vandalismu nemd
objekt kromé nasdvacich Zaluzii a dvefi v obvodovych sténdch zddné
dal3i otvory. Pivodné navrZena zelend stfecha je nahrazena plochou
stfechou bez zelené, a to zejména s ohledem na ddrzbu.

ZAVER

Proces schvalovdni zmén béhem vystavby v trovni realizaéni
dokumentace je zdlouhavy a ndro¢ny na ¢as i argumentaci pfi pro-
jedndvéani s objednatelem. Po dosazeni cile a dspeé$né realizaci je
mozno konstatovat, Ze vysledek stoji za vynaloZenou ndmahu
a navrzené technické feseni je ku prospéchu investora i zhotovitele.

Investorem stavby SOKP 513 je RSD CR, autorsky dozor prova-
di firma Pragoprojekt. Vzduchotechnicky objekt Nouzov pro firmu
SKANSKA BS subdodédvkou realizuji firmy Subterra a Ekostav,
realizaéni dokumentaci stavebni ¢dsti tunelovych objektu zpraco-
vava firma IKP Consulting Engineers. Zpracovatelem realiza¢ni
dokumentace vzduchotechniky je firma SATRA. Autorem poZdrné-
bezpe&nostniho feSeni stavby je VSB TU Ostrava, Fakulta bezpeg-
nostniho inZenyrstvi.

Diky pozitivnimu pfistupu zédstupct investora, autorského dozo-
ru, zhotovitele realizadni dokumentace stavby a v neposledni radé
projektanta vzduchotechniky bylo mozZné provést optimalizaci
vzduchotechnického uzlu, kterd umoznila zvysit bezpecnost prova-
déni, sniZit investi¢ni ndklady, minimalizovat riziko vzniku vad
béhem vystavby a zkrdtit dobu vystavby objektu. Neodisku-
tovatelné je i zjednoduSeni udrzby objektu po celou dobu provozo-
véani tunelu. Pozitivni dopad navrZzenych tprav je zfejmy porovna-
nim pavodniho a realizovaného technického feseni.
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design for the power supply for the above ground structure, from
the tunnels. For that reason, cable racks were installed on a wall of
the ventilation shaft. Inspections of the shaft will be carried out
using a steel ladder compartment, which was produced in stainless
steel with respect to the anticipated corrosivity of the atmosphere.
Figure 13 presents a view down the ventilation shaft with the lad-
der compartment, which is designed for supplying fresh air.

ABOVE GROUND VENTILATION STATION STRUCTURE

Above the ventilation shaft, there is an above ground, cast-in-situ
reinforced concrete structure with plan dimensions of 31 x 22m, with
a 20m high exhaust stack. It is founded on a thin, 300mm thick slab
foundation. The same as the underground spaces, the above ground
structure can also be divided from the ventilation aspect into a fresh-
air-drawing part and an exhaust part. Fresh air is drawn in via a large
damper with dimensions of 4x4m; the net plan dimensions of the
exhaust stack reach 2m x 5.4m. One fan is designed for drawing air
in; two exhaust fans are designed, with one of them serving as
a stand-by. Crane rails are above each fan, designed for its installati-
on or dismantling in a case of a necessity of replacing it. The conne-
ction to the ventilation shaft is carried out on the first underground
level. Cinder cement is used for sealing of the excavated space on the
circumference of the structure to prevent water from flowing from
the space of the backfilled construction trench to fissures in the rock
mass in the surroundings of the shaft. The unmanned structure is
found in an isolated location, at the edge of the woods. For that rea-
son its design is quite austere. Taking into consideration possible and
anticipated manifestations of vandalism, there will be no openings
there apart from suction dampers and doors in external walls. The
originally designed green roof is replaced by a flat roof without gre-
enery, mainly with respect to the maintenance purposes.

CONCLUSION

The process of approving changes in the detailed design during
the course of construction has been slow-paced, demanding in terms
of the time and argumentation required for discussions with the cli-
ent. When the aim has been achieved and the construction is
successfully completed, it is possible to state that the result is worth
the effort put in the process and the technical solution designed is
beneficial for both the client and contractor.

The client for construction lot 513 of the Prague City Ring Road
is the Road and Motorway Directorate of the Czech Republic; aut-
hor’s supervision is carried out by Pragoprojekt, a.s. The Nouzov
ventilation station is being constructed by Subterra a.s. and Ekostav
a.s., subcontractors for SKANSKA BS; the detailed civil design for
the tunnel structures is being performed by IKP Consulting
Engineers, s.r.o. SATRA a.s. is the author of the detailed design for
ventilation. The fire safety design was carried out by the Faculty of
Safety Engineering of the Technical University of Ostrava.

Thanks to the positive attitude of representatives of the client, aut-
hor’s supervision, the author of the detailed design and, at last but
not least, the designer for the ventilation system, it was possible to
optimise the ventilation node. The optimisation made it possible to
improve safety of the construction works, cut the capital cost, mini-
mise the risk of defects originating during the course of the con-
struction and reduce the construction time. The simplification of the
maintenance of the station throughout the period of its operation is
another undisputed fact. The positive effect of the design changes
becomes obvious if we compare the original solution and the tech-
nical solution being implemented.

ING. RADAN BOHMAN, rbohman@subterra.cz,
SUBTERRA, a. s.,

ING. LIBOR MARIK , libor.marik@ikpce.com,

ING. VLADIMIR PRAJZLER, viadimir.prajzler@ikpce.com,
IKP CONSULTING ENGINEERS, s. r. o.

[1] Reditelstvi silnic a ddlnic CR.: SOKP Stavba 513 Vestec — Lahovice, Tunel Komorany, zaddvaci dokumentace stavby

[2] Pragoprojekt a. s..: SOKP 513, Zména DSP 06/2007
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PRAVDEPODOBNOSTNI PRISTUP K NAVRHOVANI KOTEVNI VYZTUZE
DULNICH DEL V PODMINKACH OSTRAVSKO-KARVINSKEHO REVIRU
PROBABILISTIC APPROACH TO DESIGNING ANCHORED SUPPORT

IN MINE WORKINGS IN OSTRAVA-KARVINA COAL DISTRICT

PETR JANAS, RICHARD SNUPAREK, MARTIN KREJSA, VLASTIMIL KREJSA

1. OvoD

Kotevni vyztuz v soulasnosti predstavuje vyznamnou souldst vy-
ztuzovacich metod v hornictvi a zejména v tunelédfstvi a podzemnim
stavitelstvi. Kotevni vyztuZ plni svou dlohu tim, Ze zvySuje soudrZnost
hornin v blizkosti vyrubu, omezuje deformace hornin, pfendsi tahova
napéti v hornindch a zmenSuje rozsah napétového a deformacéniho
ovlivnéni horninového masivu. Hlavni pasoben{ kotevni vyztuZe spo-
¢ivd ve snizovdni a eliminaci vlivu ploch poruSeni v horninich tak, aby
vyztuzeny horninovy masiv mohl obnovit rovnovahu porusenou vyra-
Zenim podzemniho dila a zachovat ji i vzhledem k dal$im vlivim sou-
visejicim s podzemn{ vystavbou nebo hornickou ¢innosti.

Principy pusobeni svornikové vyztuZe se odvozuji od riznych kon-
ceptu stability podzemnich vyrubu. Obecné plati, Ze navrhovéni kotev-
ni vyztuze podzemnich dél vyZzaduje znalost dat z oblasti materidlu
kotev, vlastnosti hornin a poruSeni horninového masivu, jakoZ
i kotevnich technologif a jejich vysledkua.

Metody navrhovani vyztuze podzemnich dél doposud vychdzeji
z predpokladu, Ze vstupni hodnoty jsou jednozna¢né ddny determinis-
ticky. Plati to nejenom o geologickych ¢i technickych podminkéch,
v nichZ maji byt kotvy aplikovany, ale také o vlastnostech samotnych
kotev, které jsou navic ovlivnény technologii jejich realizace. Prakticky
veskeré vstupni ddaje pro ruzné metodiky dimenzovéni kotev maji pri-
tom do zna¢né miry ndhodny charakter. Je pochopitelné, Ze pri deter-
ministickém pfistupu je jejich navrhovéni do zna¢né miry jednodussi,
na druhé strané se vSak nerespektuje skute¢ny nahodny charakter vstup-
nich veli¢in, které se pak ve vlastnim navrhovéni vyztuZe kotev témer
neodrézeji. Pravé v této oblasti se jevi jako velmi d¢inny pravdépodob-
nostni pfistup ke stanoveni potfebné tnosnosti kotevni vyztuze, ktery
predstavuje v této oblasti zcela novy postup reseni.

2. PRAVDEPODOBNOSTNI VYPOCET SPOLEHLIVOSTI
KOTEVNI VYZTUZE

V posledni dobé dochézi k rozvoji tzv. stochastickych (pravdépo-
dobnostnich) metod posuzovéni konstrukci, diky nimz byly ziskdny
poznatky o spolehlivosti a trvanlivosti nosnych konstrukc{ na kvalita-
tivné vyS$si drovni [8], [9],[10]. Do béZné projekéni praxe vsak tento
zpusob posuzovani a navrhovani teprve pronika.

Pro obecnou metodiku pravdépodobnostniho posuzovani konstrukci
byla rozpracovdna metoda Piimého determinovaného pravdépodob-
nostniho vypoctu (PDPV), kterd byla publikovéna napr. v [4], [5], [6]
a [7]. V ndsledujicim piispévku se lze bliZze seznadmit s metodickym
postupem a softwarovym prostredkem, uplatnujicim metodu PDPV
k pravdépodobnostnimu posouzeni spolehlivosti kotevni vyztuze dlou-
hych dulnich a podzemnich dél. Program Kotveni je specialné vyvijen
pouze pro tyto tcely.

Pravdépodobnostni vypocet kotevni vyztuze vyZzaduje zpracovat:

* metodicky ndvrh postupu navrhovéni této vyztuze,

e databdze parametrti nezbytnych pro pravdépodobnostni vypocty

(soubory ndhodnych veli¢in pro navrh kotev),

* softwarové prostredky pro pravdépodobnostni vypoclty.

Metodickych pristupt pouZivanych k navrhovani kotevni vyztuze je
fada ([11], [13] a [14]). Velmi rozsdhlou oblast metod dimenzovani
kotevni vyztuze predstavuji postupy zaloZzené na empirickych
a analyticko-experimentdlnich metodédch. Takzvané empiricko-analytic-
ké metody vychdzeji zpravidla ze zjednodusenych analytickych feSent,
zavadéji vSak do vypoctu soucinitele, zdvislé na relativné snadno zjis-
titelnych parametrech. Pati{ k nim vlastnosti materidlu (v daném pripa-
dé hornin, jejichz vlastnosti se vétSinou zjistuji laboratorné), ale
i parametry zjistitelné pozorovdnim, ¢i méfenim in situ. Zde jsou

1. INTRODUCTION

Anchor support currently represents a significant part of reinforcing
techniques in the mining industry and, first of all, in the tunnelling and
underground construction industry. Excavation support by means of
anchors fulfils its role by increasing cohesion of ground in the vicinity of
the excavated opening, limiting ground deformations, carrying tensile
stresses in the ground and reducing the extent of the effect on the stress
and strain state of rock mass. The main effect of the anchored support lies
in reducing and eliminating the impact of failure surfaces in the rock mass
so that the reinforced rock mass can reinstate the equilibrium upset by
underground excavation and maintain it, even as far as other influences
associated with underground construction work or mining activities are
concerned.

Principles of rock bolt reinforcement action are derived from various
concepts of the underground excavation stability. It holds generally that
designing anchored support of underground workings requires knowledge
of data from the area of anchor materials, ground properties and failures
of rock mass, as well as anchoring technologies and their results.

Methods of designing the reinforcement of underground workings have
been based on the assumption that input values are unambiguously given
in a deterministic way. This applies not only to geological or technical
conditions under which anchors are to be used, but also to properties of the
anchors themselves, which are, in addition, affected by the installation
technology. Virtually all input data for various methods of designing
anchors have, to a significant extent, a random character. It is understan-
dable that if the deterministic approach is applied, the design is signifi-
cantly simpler. On the other hand, the real random character of input quan-
tities is disregarded, thus they are nearly not reflected to the anchored sup-
port design. This is the area where the probabilistic approach toward the
determination of the required load-bearing capacity of anchored support,
which represents an absolutely new procedure for solving the problem,
seems to be highly effective.

2. PROBABILISTIC CALCULATION OF ANCHORED SUPPORT
RELIABILITY

Recently we have experienced the development of the so-called sto-
chastic (probabilistic) methods of assessing structures, owing to which the
know-how about the reliability and life expectancy of load-bearing struc-
tures has been gained on a higher quality level [8], [9],[10]. However, this
method of assessing and designing has only started to spread into the com-
mon designing practice.

The Direct Determined Fully Probabilistic Method (DDFP) of calcula-
tion, which was developed for the general methodology of structural
assessments, was published, for example, in [4], [5], [6] and [7]. In the fol-
lowing paper it is possible to acquaint oneself with the methodological
procedure and software applying the DDFP method to probabilistic asses-
sing of the reliability of anchored support in long mine workings and
underground structures. The Kotveni (Anchoring) Program is being deve-
loped solely for these purposes.

The probabilistic calculation of anchored support requires:

¢ a methodology of designing this reinforcement,

* a database of parameters necessary for probabilistic calculations (sets

of random quantities for designing anchors),

e software for probabilistic calculations.

There are many methodological approaches used for designing ancho-
red support ([11], [13] and [14]). A very extensive area of anchored sup-
port designing methods is represented by procedures based on empirical
and analytic-experimental methods. The so-called empirical-analytical
methods are usually based on simplified analytical solutions, but they int-
roduce coefficients into the calculation which depend on relatively easy to
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cennym zdrojem informaci vysledky méteni konvergence, zjiStovani determine parameters, such as properties of the material (in the particular
pasma ,,nepruznych deformaci“ v okoli dulniho a podzemniho dila, case the material is the rock mass, the properties of which are mostly
které muZe svou tthou zatézovat podpérnou vyztuz, jeZz se piipadné determined in a laboratory), but also parameters which can be determined
musf stabilizovat kotevni vyztuZi. by observation or in-situ measurements. Valuable sources of information
Empiricko-analytické metody maji sice omezenou platnost pro are, in this case, results of convergence measurements, the identification
oblasti, kde byly ziskany potrebné znalosti, lze je vSak aplikovat of a “non-elastic strain zone” in the surroundings of mining works or an
i v jinych podminkdch po ovéfeni &i upiesnéni potiebnych tdaji. Jiz underground structure, which may, through its weight, exert loads on the
desitky let se pouZivaji napf. v uhelnych dolech v ostravsko karvin- gcavation support, which must be stabilised by anchored support if requ-
ském reviru (OKR) pro navrhovani podpérné vyztuze dlouhych dul- ired. S . ] )
nich dél, ale také pfi navrhovéani svornikové vyztuze. Pro tcéely pro- ~ On the one hand, the applicability of empirical-analytical methods is
jektovani samostatné a kombinované svornikové vyztuze podzemnich limited to areas where the required knowledge has been gathered, on the
dél v OKR byl vyvinut vjpoctovy soubor ANKER (Siiuparek, Janas, otk_ler hand, they can be applied even in other conditions after verifying or
Slavik 1994, [13]). adjusting the required data. They have been used for decades, for exam-

ple, in coal mines in the Ostrava-Karvind region (OKR) for designing the
standing support in long mine workings, but also for designing the bolted
support. The ANKER software (Stiuparek, Janas, Slavik 1994, [13]) was
developed for the purposes of designing separate and/or combined bolted
support for mine workings in the OKR.

When the bolted support is being designed, it is necessary to specify the
following data for the given conditions:

- lengths of bolts,

- their numbers and configuration in the surroundings of the mine wor-

king or underground structure,
1.2H-gq - parameters of the bolts themselves (the type, diameter, material, met-

u=0,18- (l ‘nms'] e ¥ ~] M hod of anchoring etc.).

It was derived for the OKR conditions on the basis of extensive measu-
rements in mine workings [12] that a convergence, i.e. a movement of the
rock mass inside the mine working, can be calculated using the following

Pfi navrhovani svornikové vyztuze je pro dané podminky nezbytné
specifikovat:

— délku svorniku,

— jejich pocet a rozmisténi v okoli dulntho nebo podzemniho dila,

— parametry vlastnich svorniku (druh, praimér, material, zpasob kot-

veni, atd.).

Pro podminky OKR bylo na zdkladé rozsahlych méfeni v dilnich
dilech odvozeno [12], Ze konvergenci, tj. posunuti hornin do dulniho
dila, 1ze vypocist dle vztahu:

Ve vztahu (1) se vyskytuji parametry, charakterizujici dané podminky:

H tzv. efektivni hloubka pod povrchem [m], relationship:
B rozmér dulniho dila (zpravidla §ifka) [m], LA '
t Cas ve dnech, wmsey | i 1
q tinosnost podpérné vyztuze [kNm?], =018~ }*|4 -1 ‘ )
(o8 redukovand pevnost hornin [MPa]. ) ) ) \ - ] -
Re dukovana pevnost nadloznich hornin 0; se stanovi nasledovné: Relationship (1) contains parameters characterising the given conditi-
ons:
Eo- M, H the so-called effective depth under the surface [m],
1 (2) B dimensions of the mine working (usually the width)
o,=B 2B [m],
kde B je soucinitel vrstevnatosti podle tabulky 1, Oy pevnost 4 time in days, ) ) 5
v jednoosém tlaku i-té vrstvy a m; mocnost i-té vrstvy. (é_ logd bzarlnicetlpamtt{l ?{/&Ear]ldmg support [kNm™],
reduced rock streng a

Tab. 1 Soucinitel vrstevnatosti B The reduced strength of overlying rock 0; is determined in the follo-

wing way: i
Poéetvrstev|1|2|3|4|5|6|7|8|9|10 E”"”
B 0,90| 0,86 | 0,82 | 0,79 |0,76 | 073 | 0,71 |0,70 il 2)
Pasmo nepruznych deformaci B,,, které je podkladem pro specifika- 28
ci zatiZen{ a urCeni délky svorniku, se v minulosti zjiStovalo geofyzi- where [ is for a stratification coefficient according to Table 1, 0y is for
kélnim a extenzometrickym méfenim. Po jeho vyhodnoceni se ukdza- uniaxial compression strength of ith layer and mi is for the thickness of
lo, Ze je lze ur¢it z vysledku konvergen¢nich méfeni ve tvaru (2) [12]: the ith layer.
B, =K, B 0% g™ 3 Table 1 Stratification coefficient B
Po dosazeni (1) do (3) a pro t —>0 je pak fortayers | 1| 2| 3] a| s |67 ] s8] o]0
120-q  \6 B | 1.0 | 0.95| 0.90| O.86| 0.82 | 0.79 |O.76 | 0.73 | 0.71 |0.70
450, —
B,=0251189-B"K,|e I “) The non-elastic strain zone B,,, which is the base for specifying the
loads and determining the bolt length, used to be determined by geophysi-
Koeficient K, charakterizujici vztah mezi pasmem nepruznych cal and extensometer measurements. After assessing the zone, it turned out
deformaci v dillnim nebo podzemnim dile o rozméru B a konvergenci that it c01_11d be determined on the basis of results of convergence measu-
ve vztahu (3), byl v minulosti vyhodnocen jedinou deterministickou rements, in the shape of relationship (2) [12]:

hodnotou, K, = 8,3 ([2], [3] a [12]). Bylo tomu tak, protoZe s pro- B =K < B™. ™ 3)
meénlivou hodnotou, nebo 1épe feceno se souborem proménlivych hod- Siclot o
not K,,, bylo obtizné ¢i dokonce nemozné operativné pocitat, i kdyz When (1) is put into (3), and for t —> oo, it applies that

byly k dispozici. Podobné tomu bylo pii vypoctech i v pripadé rozmé- it -

ru B nebo redukované pevnosti 07, které se pouZivaly jako determinis- o ) =

tické hodnoty, i pfestoze tomu tak ve skute€nosti neni. B =0251189:8-K - ‘ e - |‘ )
Zatizeni, které by méla svornikova vyztuz prenaset, musi odpovidat

rozsahu pasma nepruznych deformaci B,,, tize hornin g a také urcité Coefficient K, characterising the relationship between the non-elastic
samonosnosti horninovych vrstev, kterd v pasmu nepruznych defor- strain zone in a mine working or an underground structure with the dimen-
macf existuje. Po dobrych zkuSenostech s aplikaci geomechanického sion B and the convergence in relationship (3), was assessed in the past to
klasifika¢niho parametru RMR dle Bienawského (1989) [1], bylo zati- be a single deterministic value K, = 8.3 ([2], [3] and [12]). The reason was
Zeni svornikové vyztuZe urceno vztahem: the fact that it was difficult or even impossible to operatively calculate
12H-g  \%6 with a variable value or, put in a better way, with a set of variable values
Q=BBy: M =251 ngﬂzwa" e L (®)] K,,, even though they were available. A similar procedure was used in cal-
100 100 culations in the case of the dimension B or the reduced strength 0., which
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Ve vztahu (5) predstavuje veli¢ina y objemovou hmotnost hornin were used as deterministic values despite the fact that it is not the case in
v [10% kg/m?]. Zatizen{ Q pak predstavuje celkové zatiZeni svornikové reality.
vyztuZe na bézny metr dila v [kN]. Kvalifika¢ni parametr RMR se The loads the bolted support should carry must correspond to the range
vyhodnocuje dle Bienavského (1989) [1] . of the non-elastic strain zone Bn, rock weight g and a certain self-suppor-
Posudek spolehlivosti svornikové vyztuze diilnich dél je zaloZen na ting capacity of rock layers which exists within the non-elastic strain zone.
analyze funkce spolehlivosti, jeZ je ddna vyrazem: After gaining positive experience with the application of the Rock Mass
Rating (RMR) parameter after Bienawski (1989) [1], the loading applied
F§s=0,-0 (6) to the bolted support was determined by the following relationship:
kde Q,, predstavuje dnosnost svorniku a Q jejich zatiZeni na bézny
metr dfla. Bl @i IrHJ-Ju'.M::HIIEHH._IJHH-HJJ‘I\' - Ir T (5
Pro stanoveni tnosnosti svornikt se vychdzi ze vztahu: o i 0y g J00 {
n4q, nald-d)o, In the relationship (5), the value y represents the rock weight in
Qu =14y = d = ad ) [10° kg/m?]. The load Q represents the overall loading acting on the bol-
. . o o ) . ted support per a running meter of the working in [kN]. The rock quality
kde n,, predstavuje celkovy pocet kotev na/bezny m dila, n pocet parameter RMR is assessed according to Bienawski (1989) [1] .
kotev v radje. zprayldia kolmo na osu qﬂfl, 45y Unosnost Jednoho svor- The assessment of reliability of bolted support of mine workings is
niku, dvl vnejsi prumér svorniku, d, \v/nltrnf prumér svorniku, d, vzda- based on an analysis of reliability function, which is given by the follo-
lenost fad kotev a s, normdlové napéti v jednom svorniku. wing expression:
Vedle zatiZeni, respektive pozadované tinosnosti kotevni vyztuze FS = 0
je dalsim duleZitym parametrem urleni potfebné délky kotev. Délka S=0.-¢ (6)

kotev by méla odpovidat pasmu nepruznych deformaci B, v okoli
dulniho ¢i podzemniho dila. Z praktickych pozorovédni a méfeni
v dulnich podml’nkoéch se ukdzalo, Ze pii aplikaci kotevni vyztuZe je The load-bearing capacity of rock bolts is determined starting from the
konvergence do dulniho dila mensi, nez odpovida vztahu (1), kdy relationship:

se konvergence urluje v dilech vyztuzenych podpérnou vyztuzi. Je [Ty nalid, -, W 51 7
tomu tak proto, Ze tato vyztuZ vyvozuje odpor proti posunuti hor- L =8l = " dd

ninovému masivu az po vytvoren{ kontaktu hornina—vyztuz, coz je ' '
spojeno s vétsimi deformacnimi projevy horninového masivu, nez
je tomu u kotevni vyztuze. Ze srovnani deformacnich projevu
v dilech vyztuZenych kotevni vyztuzi a hodnotou u dle vztahu (1)
byl ziskdn soubor, ktery umoznuje vypocist délku kotev / ve stropé
dila dle:

where Q,, represents the load-bearing capacity of rock bolts and Q is for
the lads acting on the bolts per a running meter of the working.

where ng, represents the total number of anchors per running metre of the
working, n is for the number of anchors in the line, usually perpendicular
to the axis of the working, g, is for the load-bearing capacity of one bolt,
d, is for outer diameter of the bolt, d, is for inner diameter of the bolt, d; is
for the spacing of rows of anchors and s, is for normal stress in one bolt.
g 06 Apother importam parameter, apart fr.om the loadir}g or the required lqad—
1=0251189K B. K{ e B0 _ I) ®) bearing capacity of anchored support, is the determination of the required
" length of anchors. The length of anchors should correspond to the non-elas-
tic strain zone B, in the surroundings of a mine working or a underground
structure. It follows from practical observations and measurements carried
out in-situ, in the mine conditions, that convergence inside the mine wor-
king, when the anchored support is used, is smaller than it corresponds to
relationship (1), where the convergence is determined for workings with

Ve vztahu (8) predstavuje veli¢ina K soubor experimentdlné ziska-
nych hodnot, ktery je pracovné oznacovan jako konvergenéni souci-
nitel, i kdyZ na rozdil od postupu aplikovaného v [13], kde byl deter-
ministicky uréen, méd proménlivy charakter.

Jednotlivé databdze vstupnich ndhodnych velicin byly sestaveny na a standing support. The reason is the fact that this type of support exerts
zdkladé méfenf u vyrobeu kotevnich prvku a v dolech, kde byla svor- resistance against displacements of the rock mass only after the rock mass-
nikovd vyztuZ realizovdna. Sitka dilntho dila, kterd zdvisi pfedeviim support contact has been developed, which process is connected with rather
na technologii raZeni (vyloZnikové razici stroje, trhaci préce) byla significant deformational manifestations of the rock mass than it is in the
podrobné méfena na dolech v OKR v chodbdch se svornikovou vyztu- case of anchored support. A comparison of deformational manifestations in
7i. Databdze jednoosé pevnosti a objemové hmotnosti hornin byla workings reinforced by anchored support, with the u value obtained from
sestavena na zdkladé rozsdhlého laboratorniho vyzkumu jader relationship (1), yielded a set allowing the calculation of the length / of an
prizkumnych vrtd z karbonského masivu, provedeného ve VVUU anchor in the excavation crown according to the following expression:
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Obr. 2 Histogram parametrického rozdéleni pevnosti v tlaku karbonského
Obr. 1 Histogram prvotnich dat pevnosti v tlaku karbonského piskovce [MPa] piskovce [MPa]
Fig. 1 A histogram of initial data on compression strength of Carboniferous Fig. 2 A histogram of the parametric distribution of compression strength of

sandstone [MPa] Carboniferous sandstone [MPa]
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I =10,25] IN‘i..F.'_.H.ﬁ.'IIq' =]

In relationship (8), K quantity repre-
sents a set of experimentally obtained
values, which is denoted for working
purposes as a convergence coefficient,
despite the fact that its nature is variab-
le, which is in contrast with the procedu-

Prachoves € re applied in [13] where it was determi-
I sl pocel do 1@ Peveont LUHLLdin 1 ned deterministically.
1 Jiovec Pevrost JLOVEC dis 2 - .
4 Unil popel 10-20% Pesmast ULLdis i d undhi primds ook [mm ] |22 Individual databases of input random
5 Phikovec lemncom Peveont PISKOVEC JEMNCIRHY ds 2 d2: wninl primir weomsd [mm] (8 quantities were made up on the basis of
i Pitkevec habatmiPevnon PISKOVEC HRUBDZRNY g3 = . .
7 Pithoec sliadebin Pevmait PEEOVEC STREDNEIRNY $a | N potetkoe { measurements carried out in plants produ-
B ds wrdélanoal kot [ mm ] 1000 cing the anchoring elements and in the
T mines where the bolted support had been
— ; i . - installed. The width of a mine working
Bota sout witevmesost (3 iy |7 S00E-! ; : >
(e] 2 P;“ e e 2] which depends first of all on the excavati-
o I on technique (roadheaders, drill-and-
E blast) was measured in detail in the OKR
i mines, in galleries provided with a bolted
dotsbully  vTEtve - Bornies vrstvae support. The database of uniaxial strength
whblitpe  Frvotsi date - and volume weight of rocks was made up
' (Hwer] on the basis of an extensive laboratory
Lvortin RA the b: f t laborat
2 = — survey in cores of survey boreholes carri-
Jo0-amsT  uhodhian scheibrior shubind st chra - KOTVER] - Brogram vinadtu foiehierst lotvend 00 vithale ed out in the Carboniferous massif, which
. 3 was conducted at the VVUU Radvanice
Obr. 3 Pracovni plocha programu Kotveni
Fig. 3 Kotveni (Anchoring) program desktop
006
. .. . . . . " SRR, |
Radvanice a v Ustavu geoniky AV CR v poslednich asi 40 s
letech. RovnéZz hodnoty soudinitelt K a Kn vychdzeji o0z
z rozsdhlych méfen{ konvergenci v porubnich chodbich o
na dolech OKR, realizovanych v minulosti VVUU L e A
Radvanice a Ustavem geoniky AV CR. Databdze tahové | 0.0
pevnosti kotevnich prvki byla ziskdna z archivu vyrobce | 0,004
Ankra Petfvald, pfiCemz méfeni byla provedena | gpgz] oot
v laboratofich stdtnich zkuSebnich ustava a Ustavu geo-

niky AVCR.

Zpracované SW prostiedky umoznuji prvotni data zjis-
ténd mefenim sestavit do histogramu vytvoreného
z téchto dat a ndsledné vyjadrit parametricky. Z desitek
zndmych parametrickych rozdéleni se pfitom vyhodnot{
podle velikosti tzv. koeficientu tésnosti nejvhodnéjsi roz-
déleni. Na obr. 1 je priklad histogramu prvotnich dat
sestaveného ze 102 naméfenych hodnot pevnosti v tlaku
karbonského piskovce. Na horizontdlni ose jsou pritom
pevnosti v tlaku v [MPa], na svislé ose pravdépodobnos-
ti vyskytu. Pocet tfid se pfitom volil roven poétu primdr-
nich dat. Na obr. 2 je parametrické vyhodnoceni tohoto
histogramu. Pro parametrické rozdéleni Gamma (viz obr.
2), které je v daném pripadé nejvhodnéjsi, je tésnost
0,951. Pokud budeme volit jiné rozdéleni, pfipadné vetsi
pocet tfid, coZ je mozné, bude hodnota t€snosti mensi.

3. SOFTWARE PRO PRAVDEPODOBNOSTNI
VYPOCET SPOLEHLIVOSTI KOTEVNI VYZTUZE

Pro pravdépodobnostni posouzeni spolehlivosti kotev-
ni vyztuze dulniho dila byl vytvoren program Kotveni,
aplikujici metodu Pfimého Determinovaného Pravdépo-
dobnostntho Vypoctu (PDPV). Pracovni plocha tohoto
programu je na obr. 3.

Do vstupniho formuldfe se zaddvaji hodnoty majici
pravdépodobnostni charakter, jako je $itka dulniho dila B
(obr. 4), pevnost v jednoosém tlaku o, v jednotlivych
vrstvach, konvergen¢ni soucinitel K, soucinitel vlivu kot-
veni vyztuZe na sniZeni konvergence K,, (obr. 5), objemo-
vd hmotnost hornin y, odpor podpérné vyztuze ¢
v pripadé kombinované vyztuZze a pevnost svorniku Og,.
K volbé uvedenych veli¢in lze vyuZit zpracované databa-
ze, které jsou pifstupné zpracovanym programem.

]
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Obr. 4 Histogram §irky dulniho dila B [m]
Fig. 4 A histogram of the mine working width B [m]
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Obr. 5 Soucinitel K,
Fig. 5 Coefficient K,
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Obr. 6 Histogram redukované pevnosti nadloZnich hornin [MPa]
Fig. 6 A histogram of reduced strength of overlying rocks [MPa]
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Deterministicky vyjadfenymi vstupnimi velici-
nami zustdvd soucinitel vrstevnatosti S, efektivni
hloubka pod povrchem H, mocnosti jednotlivych
vrstev m;, vn&jsi a vnitini prumér svornika d, a d,
a vzddlenost fad kotev d.

V prvni etapé pravdépodobnostniho vypoctu 1ze
nejprve urcit histogram redukované pevnosti
nadloZnich hornin o, dle (2) (obr. 6). Je potfebny
k uréeni délky kotev a jejich zatiZeni vetné geo-
mechanického klasifika¢niho koeficientu RMR dle
Bienawského (1989), pro jehoZz stanoveni slouZzi
samostatnd tabulka programu (obr. 7). Vysledkem
zpracovani je histogram geomechanického klasifi-
kacéniho koeficientu RMR (obr. 8).

V dal$im vypoctu pak Ize stanovit histogram pro
délku navrhovaného svorniku [ dle (8) (obr. 9).
Vyplyvé z néj, Ze pro droven spolehlivosti 0,9999 je
potrebnd délka svorniku 2,54 m.

Na obr. 10 je histogram pro zatiZzeni svorniku Q
dle (5). Unosnost svornikii Q;, se pak stanovi na
zdkladé vztahu (7) (obr. 11). Histogramy Q a Q,,
pak lze dosadit do funkce spolehlivosti (6)
a provést vysledné pravdépodobnostni posouzeni
na zdkladé urceni pravd€podobnosti poruchy Ps
(obr. 12).
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Obr. 7 Pracovni plocha programu s tabulkou pro stanoveni geomechanického klasifikacniho
koeficientu RMR dle Bienawského (1989)

Fig. 7 Program desktop with the table for determination of Rock Mass Rating RMR according to
Bienawski (1989)
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previous roughly 40 years. The values of the K and Kn coeffi-
cients are also based on extensive measurements of convergen-
ces at the headings in the OKR mines, which were carried out
in the past by the VVUU Radvanice and the Institute of Geonics
AS CR. The database of tensile strength of anchoring elements
was obtained from archives of Ankra Petrvald, the manufactu-
rer, with the measurements conducted in laboratories of state
research institutes and the Institute of Geonics AS CR.

The developed SW makes plotting of the initial data obta-
ined by measurements in histograms possible and, subsequ-
ently, expressing them parametrically. Of the tens of known
parametric distributions, the most suitable distribution is then

Obr. 8 Histogram geomechanického klasifikacniho koeficientu RMR dle Bienawského (1989)
Fig. 8 A histogram of Rock Mass Rating RMR according to Bienawski (1989)

evaluated according to the magnitude of the so-called appro-
ximation coefficient. Figure 1 presents an example of
a histogram of initial data, plotted from 102 measured values

of the compression strength of the Carboniferous sandstone.

002
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Compression strength values in [MPa] are on the horizontal
axis, while probabilities of occurrence are on the vertical axis.
The number of classes was selected to be equal to the num-
ber of the number of the primary data items. Figure 2 presents
the parametric evaluation of this histogram. For the Gamma
parametric distribution (see Fig. 2), which is most suitable in
the given case, the approximation is 0.951. If we opt for anot-
her distribution or a bigger number of classes, which is pos-

Detail

sible, the approximation value will be smaller.

o
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3. SOFTWARE FOR PROBABILITY CALCULATION

Obr. 9 Histogram délky svorniku I [m]
Fig. 9 A histogram of the bolt length 1 [m]

OF ANCHORED SUPPORT RELIABILITY

The Kotveni (Anchoring) program, which was developed for
probability assessments of anchored support of mine working

reliability, applies the Direct Determined Probabilistic Method

00

n_ms PRy SN
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(DDPM). This software desktop is shown on Figure 3.

Values having probabilistic nature are filled in the input
form, such as width B of the mine working (see Fig. 4), uniaxi-
al compression strength Oy in individual layers, convergence
coefficient K, coefficient for the anchoring influence on redu-
cing convergence K,, (see Fig. 5), volume weight of rocks g,
standing support resistance ¢ in the case of combined support
systems and rock bolt strength 0. The selection of the above-
mentioned quantities can be carried out using database sets ava-
ilable through the program.

502 ZM57 555 9342

The input quantities which are expressed deterministically
remain to be the bedding coefficient f3, effective depth under the

BITITET  ETAANY

Obr. 10 Histogram zatiZeni svorniku Q [kN/m]
Fig. 10 A histogram of bolt loading Q [kN.m’"]

surface H, thickness of individual layers m;, outer and inner dia-

meters of bolts d; and d, and spacing of rows of anchors d.



Unosnost 5 svornikd (praméry: d1 = 22 mm, d2 =0 mm  (kN)
Load-bearing capacity of 5 bolts (diameters: d1 = 22mm, d2 = 0 mm) (kN)

0
GIT 30888 GA3.IT461 B35, 32608 T4T 27758 TO0. 22503

Obr. 11 Histogram iinosnosti svorniku Qg, [kN]
Fig. 11 A histogram of loading capacity of bolts Qg, [kN]

KOTVEM] © gra

V daném pripadé byla vyslednd pravdépodobnost
poruchy uréena hodnotou Pr=7,72.10""" a pro prisnd kri-
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Posudek spolehlivosti [ Visledky_Hotveni_14_5_2000 )
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In the first stage of the probabilistic calculation, it is first of
all possible to determine the histogram of reduced strength of
overlying rocks o, according to (2) (see Fig. 6). It is necessa-
ry for the determination of the length of anchors and the loads
acting on them, including the Rock Mass Rating RMR accor-
ding to Bienawski (1989), which is determined using
a separate table of the program (see Fig. 7). This operation
results in the histogram of the Rock Mass Rating RMR
(see Fig. 8).

During the subsequent calculation, it is possible to determine
a histogram for the length [ of the bolt being designed according
to (8) (see Fig. 9). It follows from the histogram that the bolt
length of 2.54m is required to achieve the reliability level of
0.9999.
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téria uvedend v CSN 73 1401 — Navrhovani ocelovych 352009 , 10:25:34
konstrukci (1998) by kotevni vyztuz vyhovovala, nebot

ndvrhovd pravdépodobnost P; pro zvySenou uroven R
spolehlivosti je rovna 8.107 a podminka spolehlivosti oo
Ps < Py je splnéna. Pocet ocelovych kotev byl volen 5

na bézny m dila a jejich primér 22 mm. Pokud by se 0.015
volil mensi pocet kotev, napf. 4, pak by situace byla

s s v . o v . . am
jind, nebot’ pri stejném prumeéru kotev a stejné oceli by

platilo P;=3,05.107 (viz obr. 13). Podminka spolehli- 0,005
vosti Py < P4 by nebyla splnéna ani pro sniZenou prav-

dépodobnost ve smyslu uvedené CSN. Posuzovan{
a navrhovani kotevni vyztuze lze s vyuzitim programu
Kotveni realizovat velmi operativné.
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Obr. 13 Histogram funkce spolehlivosti FS s vyslednou pravdépodobnosti poruchy
P=3,05.1 03 pro nevyhovujici tirover spolehlivosti

Fig. 13 A histogram of the reliability function FS with the resultant failure probability
Py=3.05.1 03 for non-complying reliability level

Obr. 12 Histogram funkce spolehlivosti FS s vyslednou pravdé-
podobnosti poruchy P;=7,72.10" pro 5 kotev na 1 m dila

Fig. 12 A histogram of the responsibility function FS with the
resultant failure probability P;=7.72.10"" for 5 anchors per a
meter of the working

Figure 10 shows a histogram for the bolt loading Q according
to (5). Loading capacity of bolts Q,, is determined on the basis of
relationship (7) (see Fig. 11). Subsequently, the histograms of
Q and Q,, can be put into the reliability function (6) and the resul-
tant probabilistic assessment can be carried out on the basis of the
determination of the failure probability P, (see Fig. 12).

In this particular case, the resultant failure probability was
determined by the value P;=7.72.10™""; because the design pro-
bability P, for the mcreased rellablhty level is equal to 8.107 and
the reliability condition Pf < P, is met, the anchored support
would meet the strict criteria contained in CSN 73 1401 — Design
of Steel Structures. The number of steel anchors was chosen at 5
per running meter of the working and their diameters at 22mm.
If a smaller number of anchors is chosen, for example 4, the situ-
ation would be different because, if the diameters of anchors and
the steel quality are the same, it would apply that Pf=3.05.10'3
(see Fig. 13). The reliability condition P; < P, would not be met
even for the reduced probability in the meaning of the above-
mentioned CSN standard. Anchored support can be very operati-
vely assessed and designed using the Kotveni program.

4. CONCLUSION

This paper contains a concrete example of a new approach
toward designing bolted support for underground galleries,
based on the use of stochastic methods of assessing structures.
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dél, tj. jejich délku I, poéet n a unosnost Q,,. Pfedpokladem je
ovSem dostate¢nd datova zdkladna vstupnich veli¢in véetné poznat-
ka z praktické aplikace, nebot’ fadu vstupnich ddaju nelze opirat
pouze o modelovani a méfeni v laboratofi. Diskusi lze vést také
o stanoveni kritérif spolehlivosti vzhledem k rozdilim podzemnich
vyztuzi ve srovndni s klasickymi ocelovymi konstrukcemi.

Publikovand metodika vychdzi z postupi dimenzovani vyztuZe
v podminkdch uhelnych dolt v ostravsko karvinském reviru a nelze
ji s ohledem na vytvofenou datovou zdkladnu pfimo aplikovat
v jinych podminkdch zejména podzemnich a tunelovych staveb.
Cilem publikace tohoto prispévku je predev§im metodicky ukdzat
postup pravdépodobnostniho posuzovdni konstrukei vyztuze
s vyuzitim metody Pfimého determinovaného pravdépodobnostni-
ho vypoctu a zpracovanym softwarovym prostredkem pro jeji vyu-
zit{ ve vymezenych podminkéch.

Zakladnim predpokladem pro aplikaci metody v jinych oblastech
je vytvoreni databdzi parametrti nezbytnych pro pravdépodobnost-
ni vypolty (soubory ndhodnych veli¢in) a piipadné upfesnéni algo-
ritma pro dimenzovani kotevni vyztuZze ve specifickych podmin-
kéach. Pokud jde o prirodni podminky, bude mozné v tomto sméru
vyuzit dat ziskanych geologickym a geotechnickym prizkumem.
V oblasti vlastnosti kotevnich prvki je moZné se opirat o vysledky
zkousek ziskané v ramci zkouSeni a hodnoceni jakosti vyrobku.
Radu podkladi muZe poskytnou také modelovani a zejména moni-
torovani pii raZeni tunelt a podzemnich dél.
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The procedure presented in the paper makes probabilistic designing and
assessing of anchored support of long mine workings and underground
structures, i.e. the length /, number n and load-bearing capacity Q,,., pos-
sible. Of course, a sufficient database of input quantities, including the
know-how in the field of practical application, is a precondition because
some input data cannot be obtained by modelling or laboratory measure-
ments. Discussion can be also held about the determination of reliability cri-
teria, taking into consideration differences in the means of support used
underground compared with traditional steel structures.

The published method starts from support designing procedures used in
the conditions of coal mines in the Ostrava-Karvind region. With respect to
the data basis which has been created, the method cannot be directly applied
in different conditions, namely the conditions of underground construction
and tunnel structures. The objective of publishing this paper is, first of all, to
methodologically show the procedure of the probabilistic assessment of
excavation support structures using the Direct Determined Probabilistic
Method and the software which was developed for its use in definite condi-
tions.

The precondition for the method application in different areas is the crea-
tion of databases of parameters indispensable for probabilistic calculations
(sets of random quantities) and, possibly, also adjustment of algorithms for
calculations of anchored support in specific conditions. As far as natural con-
ditions are concerned, it will be possible to use data obtained by geological
and geotechnical surveys for this purpose. In the area of anchoring elements,
it is possible to bear on testing results obtained in the framework of testing
and assessing the quality of products. Lots of information can be obtained
through modelling and, above all, monitoring during the excavation of tun-
nels and underground workings.

Acknowledgements

The project was implemented with funding from the state means through
the Grant Agency of the Czech Republic. The project filing number is
105/07/1265.

DOC. ING. PETR JANAS, CSc.,

petrjanas@ysb.cz,

ING. MARTIN KREJSA, Ph.D.,

martin.krejsa@ysb.cz,

VSB-TECHNICKA UNIVERZITA OSTRAVA, FAKULTA
STAVEBNI,

DOC. ING. RICHARD SNUPAREK, CSc.,
richard.snuparek@ugn.cas.cz,

USTAV GEONIKY AV CR,

ING. VLASTIMIL KREJSA, OSTRAVA

[1] Bieniawski, Z. T.: Engineering rock mass classifications, Wiley New York, 1989.

[2] Janas, P., Bldha, F.: Dimenzovani vyztuZe dlouhych dulnich dél, kiizu a odboek v podminkéch ostravsko-karvinského reviru, Uhli &. 9,
1987.

[3] Janas, P.: Dimensioning of roadway supports in conditions of the Ostrava-Karvina coal field, A.A.Balkema/Rotterdam/Brookfield, 1990.

[4] Janas, P., Krejsa, M., Krejsa, V.: Structural Reliability Assessment Using Direct Determined Fully Probabilistic Calculation, International
ASRANet Colloquium, Glasgow, UK, ISBN 0-9553550-0-1/978-0-9553550-0-4, 2006.

[5] Janas, P., Krejsa, M., Krejsa, V.: Soucasné moznosti Piimého determinovaného pravdépodobnostniho vypoltu prfi posuzovéni spolehli-
vosti konstrukei, sbornik védeckych praci Vysoké §koly bdnské-Technické univerzity Ostrava, fada stavebni, &islo 1, ro¢nik VI, ISSN
1213-1962; ISBN 80-248-1248-7, 2006.

[6] Janas, P., Krejsa, M., Krejsa, V.: Current Possibilities of Direct Determined Fully Probabilistic Method (DDPFM), 4th International
ASRANet Colloquium, Athens, Greece, ISBN 978-0-9553550-2-8, 2008.

[7] Janas, P., Krejsa, M., Krejsa, V.: Souc¢asné moznosti metody PDPV, Medzinarodna konferencia 70 rokov SvF STU, Bratislava, Slovensko,
2008.

[8] Kralik, J.: Porovnanie efektivnosti pravdepodobnostnych metdd na rieSenie spolahlivosti konstrukcii v MKP. In: IX. celostdtni konference
se zahranicni uicasti ,,Spolehlivost konstrukci“, 14. a 15. dubna 2008 Praha, ISBN 978-80-02-02007-3.

[9] Marek, P., Gustar, M., Anagnos, T.: Simulation-Based Reliability Assessment for Structural Engineers, CRC Press Inc., Boca Raton, 1995,
ISBN 0-8493-8286-6.

[10] Novdk, D., Vofechovsky, M. Rusina, R. (2003): Small-sample probabilistic assessment —software FREET. 9% International Conference

on Applications of Statistics and Probability in Civil Engineering — ICASP 9, San Francisco, USA, 91-96, Rotterdam: Millpress, 2003.
[11] Pruska, J.: Vliv svornikové vyztuZe na napjatost a deformaci diskontinuitniho horninového masivu, habilitaéni préace, CVUT v Praze,
Fakulta stavebni, 2002.

[12] Skrabi§, A.: Pfedviddni a hodnoceni tlakovych a deformagnich projevii v horizontdlnich otvirkovych a piipravnych délnich dilech
v podminkdch ceskoslovenské ¢dsti hornoslezské panve empiricko-analytickou metodou, doktorskd disertacni prace, Praha, 1977.

[13] Stiupérek, R., Janas, P., Slavik, J.: Vypocet svornikové vyztuze, Geotechnika, 1994.

[14] §ﬁupérek, R.: Svornikovd vyztuz v hornictvi a v podzemnim stavitelstvi, habilita¢ni prace, FAST VSB-TU Ostrava, 2001.



TuHel

18. rocnik - €. 4/2009

TUNEL MUZEUM A ZKLIDNENI SEVEROJIZNI MAGISTRALY V PRAZE
THE MUSEUM TUNNEL AND EASING TRAFFIC FLOW
ON THE NORTH-SOUTH TRUNK ROAD, PRAGUE

PAVEL SOUREK

uvob

Takzvanou Severojizni magistrélu jisté neni nutné predstavovat,
a to ani mimoprazskym &tenafum. Do neddvné doby v podstaté
kazdy automobilovy ndv§tévnik Prahy, byt jen sméfoval na jiny
vzdélengjsi cil, byl touto komunikaci pfimo vtazen do centrdlni
&asti hlavniho mésta. Tato skuteCnost byla zapfi¢inéna pozustat-
kem dopravni koncepce hlavniho mésta ze 70. let 20. stoleti.

Bez ohledu na zafazeni v novodobych dopravnich predpokla-
dech a v platném tzemnim pldnu hlavniho mésta Prahy predsta-
vuje dnes Severojizni magistréla stdle jednu z dopravné nejzatize-
néjsich praZskych komunikaci s denni intenzitou provozu presa-
hujici az 100 000 vozidel. V modernim pojeti méesta je vSak tento
stav naprosto nevyhovujici.

Zvlasté pak usek magistraly v oblasti Narodniho muzea
v samotném jddru Prahy se stal jednim z dopravné a urbanisticky
nejproblematictéjsich mist.

Stédvajici povrchové vedeni magistrély, kdy jeden dopravni smér
je veden pred a druhy za budovou Ndrodniho muzea, tvori barié-
ru oddélujici tdzemi Vinohrad od Viéclavského namésti, resp. od
historického centra Prahy. Znaéné dopravni zatiZeni s sebou pri-
nasi zvysSené emise hluku, zplodin a vibraci zamorujicich celé pri-
lehlé Gzemi na Praze 1 a 2.

Sance na zlepseni stavu v okoli magistrily nastane po dokonge-
ni a zprovoznéni zdpadni poloviny méstského okruhu (Pelc-
Tyrolka—Malovanka). Tim se pro hlavni dopravni tah méstem ve
sméru sever—jih vytvori alternativni trasa s nabidkou plynulejsiho
a rychlejsiho prujezdu. Cely dokoneny méstsky okruh pak zajis-
ti (ochrannou) objizdnou komunikaci §ir§iho centra mésta, takze
bude mozné vyznamné omezit prijezdnou dopravu centrem.

HISTORICKY VYVOJ UZEM[

Prostor v horni ¢ésti Véclavského ndmésti je od historickych
dob dopravné frekventovanym mistem, a to nejen kvuli méstské
brané a pozdéj§imu napojeni na prazské predmésti Krdlovskych
Vinohrad. Soucasny stav je dusledkem novodobého historického
vyvoje prostoru v okoli dnesnitho Narodniho muzea, resp. celého
prostoru tehdejsiho jizntho hradebniho opevnéni Krdlovského
mésta prazského. Novodobé usporddéni je predstavovéno realiza-
cf vyznamnych staveb, jako jsou Ndrodni muzeum, budova Stdtn{
opery nebo nadrazi FrantiSka Josefa (dne$ni hlavni nadrazi), které
zapocalo zbourdnim méstského opevnéni a Konské brany v 60.
a 70. letech 19. stoleti.

V tomto stavu setrvalo okoli Ndrodniho muzea v podstaté aZ do
30. let 20. stoleti, kdy se v Praze zacal projevovat rozvoj automo-
bilismu. Hlavnim predmétem zdjmu v dal$im obdobi bylo proto
vytvoreni kapacitni automobilové komunikace v prostoru nékdej-
§tho hradebniho pdsma od Nédrodniho muzea smérem k Té$novu
a ddle pres Stvanici na sever.

Vysledkem byla fada variant feSeni jako napf. ndavrh Stédtni
regulaéni komise s velkym kruhovym objezdem budovy
Ndrodniho muzea a tramvajovou trati po obvodu z roku 1932 od
Maxe Urbana nebo ndvrh kapacitni komunikace vedené mezi
budovou Ndrodniho muzea a Vaclavskym naméstim z roku 1935.

Velkorysé povdle¢né ndvrhy pocitaly se zna¢nou asanaci tizemi
ve prospéch automobilové dopravy, jak ukazuji plany napf. z roku
1956 a jesté vyraznéji pak ndvrh z roku 1962 (obr. 1), které poci-
taly s asanaci uzemi mezi Legerovou a Sokolskou ulici
a s povrchovym vedenim magistrdly dédlni¢niho typu vzniklym
prostorem.

INTRODUCTION

The so-called North-South Trunk Road in Prague certainly does
not have to be introduced, even not to readers living outside Prague.
Until recently, virtually each visitor driving a car in Prague, no mat-
ter whether they have only headed toward another, more remote
destination, has been drawn by this road directly in the central part
of the capital. This situation has resulted from remnants of the capi-
tal’s traffic concept which originated in the 1970s.

Regardless of the incorporation into new traffic assumptions and
the current master plan for the capital, Prague, the North-South
Trunk Road still represents one of the most trafficked Prague roads,
with the daily traffic volume exceeding 100,000 vehicles. This state
is absolutely inadequate for a modern urban concept.

Especially the Trunk Road section in the area of the National
Museum, which is the very centre of Prague, has become one of the
most problematic locations in terms of traffic and town planning.

The existing at-grade alignment of the Trunk Road, where one
direction of traffic leads in front of the National Museum building
and the other behind the building, forms a barrier separating the area
of the Vinohrady district from Wenceslas Square and the historic
centre of Prague. The high traffic density carries increased emission
of noise, exhaust pollutants and vibrations, which contaminate the
entire surrounding area in Prague 1 and Prague 2.

A chance that the conditions in the vicinity of the Trunk Road will
improve will take place when the western part of the City Circle
Road (the inner circle between Pelc-Tyrolka and Malovanka) is
completed and opened to traffic. It will form an alternative route for
main traffic passing in the north-south direction, which will offer
more fluent and quicker passage through the city. The entire com-
pleted City Circle Road will secure a protective by-pass road around
the wider centre of the city, thus it will be possible to significantly
restrict transit traffic through the centre.

HISTORIC DEVELOPMENT OF THE AREA

The area in the upper part of Wenceslas Square has been busy in
terms of the traffic volume since historic times, not only owing to
the existence of a city gate and subsequent connection to the Prague
suburb of Krédlovské Vinohrady. The current condition is a result of
modern historic development of the area surrounding the National
Museum or the whole space occupied at that time by a southern for-
tification wall, protecting the Royal City of Prague. The recent lay-
out is represented by the development of important constructions,
such as the National Museum, the State Opera building or Franz
Joseph’s Rail Station (today the main railway station, Hlavni
Nddrazi), which commenced by demolishing the city fortification
and the Horse Gate in the 1860s and 1870s.

The surroundings of the National Museum stayed in this conditi-
on, in essence, till the 1930s, when the development of automobilism

Obr. 1 Historicky ndvrh Severojizni magistrdly (1962)
Fig. 1 A historic design draft for the North-South Trunk Road (1962)
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Obr. 2 Demolice domu ve Vinohradské ulici pri vystavbé SeverojiZni magistrdly
Fig. 2 Demolition of a building in Vinohradskd Street during the construction
of the North-South Trunk Road

Ke skute¢nym zméndm vSak doslo az v souvislosti s vystavbou
trasy C prazského metra v 70. letech minulého stoleti spolu
s vystavbou Severojizni magistrdly v podobé, jak ji zndme dnes
(obr. 2).

Tento soucasny stav je pozustatkem dobového feSeni systému
nadfazené komunikaéni sité v Praze, tzv. ZAKOSU.

SOUCASNY STAV UZEMI

Celd Severojizni magistrdla se tfemi az Ctyfmi pruhy v obou
jizdnich smérech je v soucasnosti nejexponovanéjsi dopravni tep-
nou hlavniho mésta Prahy se vSemi negativy, které takovato
dopravni stavba prindsi pro Zivot mésta. Situace je o to zdvaznéj-
§i, Ze je vedena napri¢ samotnym centrem mésta a zasahuje okraj
Prazské pamitkové rezervace chrdnéné UNESCO. Jeji tsek
u Ndarodnfho muzea se postupem let stal jednim z nej-
problemati¢téjsich dopravnich mist v samotném srdci Prahy.
Magistrdla v tomto prostoru vyrazné€ degraduje méstské prostiedi,
zhorSuje jeho obyvatelnost, rekreani potencidl prilehlych parko-
vych ploch a poniZuje méstsky vyznam tohoto mista. Zivot mésta
a méstské funkce zde fakticky stagnuji (obr. 3).

Za jednoznacny piinos Severojizni magistrdly 1ze naopak pova-
zZovat to, ze diky jejimu vybudovani nebylo dopravou znic¢eno
vlastni historické centrum, doslo k realizaci Nuselského mostu
a prekondnf{ bariéry Masarykova nddrazi. Magistrdla tak umoznila
plynulé prevedeni hlavnich dopravnich tahd méstem, zklidnilo se
historické jadro Prahy a zajistil se prostor pro vytvoreni pésich
z6n v centru. Toto feSen{ je jiZz z dne$niho dhlu pohledu pocitova-
no jako vyrazné negativni a pro soucasné potieby hlavniho mésta
je tento stav jiz nedostacujici.

Problematika negativniho vlivu stfedniho dseku magistrély se
vSak netykd pouze prostoru kolem Ndrodniho muzea, ale i jejich
dalgich dsekd, nejvice pak dseku vedeném v Legerové a Sokolské
ulici na Praze 2.

Obr. 4 Letecky pohled na oblast kolem Ndrodniho muzea — stav po zklidnéni
Fig. 4 Aerial view of the area around the National Museum — the state after
the traffic flow reduction

Obr. 3 Letecky pohled na oblast kolem Ndrodniho muzea — soucasny stav
Fig. 3 Aerial view of the area around the National Museum — the current state

started in Prague. The main subject of interest in the subsequent peri-
od of time consisted of developing a capacity road in the area of the
former fortification bevlt, leading from the Museum toward Té$nov
and further north, via Stvanice.

The efforts resulted in several variants, e.g. a design draft dated
1932 by Max Urban on behalf of the State Regulation Committee,
comprising a large circular by-pass around the Museum building
with a tram line running along its circumference, or a design draft
dated 1935 for a capacity road running between the National
Museum and Wenceslas Square.

Generous after-war plans expected that major redevelopment of
the area would be performed in favour of automobile traffic, as
shown by plans, for example, from 1956 and, even more, the design
draft from 1962 (see Fig. 1), which expected that the redevelopment
would cover the area between Legerova and Sokolska Streets and
construction of an urban motorway running along the created space.

Nevertheless, real changes took place later, in the 1970s, in the
context of the construction of the Line C of Prague metro, which
was performed concurrently with the North-South Trunk Road in
the form as we know it today (see Fig. 2).

This current condition is a result of a previous period’s design for
a high-level road system in Prague, the so-called ZAKOS (Czech
abbreviation for a basic road system).

CURRENT CONDITION OF THE AREA

The entire North-South Trunk Road, with three to four traffic lanes
for each direction of traffic, is currently the busiest arterial road in
the capital, Prague. It brings all the negatives associated with traffic-
related works which influence the life in the city. The situation is
even more serious because of the fact that the road runs across the
very centre of the city and cuts into the edge of the Prague UNESCO

Obr. 5 Schéma radidlné-okruzniho systému z platného UP (1999)
Fig. 5 Diagram of the radial and orbital system drawn from the valid Land-
Use Plan (1999)




Obr. 6 Situace jedné z variant tunelu Muzeum (S URM MHMP+SATRA 2004)
Fig. 6 Layout plan of one of the Museum tunnel variants (SURM MHMP
+SATRA 2004)

Vsechny tyto davody vedou jiz fadu let dopravni odborniky
a urbanisty k hleddni nové koncepce zklidnéné Severojizni magis-
trdly v kontextu celoprazského feSeni dopravy. Poslednim podi-
nem v této problematice je i studie Zklidnéni Severojizni magist-
rily vypracovani pro Utvar rozvoje hlavniho mésta Prahy v roce
2008 spolecnosti SATRA, spol. s r. 0., a architektonickym atelié-
rem VHE, s. r. 0. Ndplni této prace bylo nalezeni nejvyhodnéjsiho
dopravné-urbanistického feSeni zklidnéni magistraly v centrdln{
oblasti Prahy (obr. 4).

POPIS RESENI ZKLIDNEN(

Myslenka ,,zklidnéni* Severojizni magistrdly neni novd,
v ruznych drovnich a vystupech se objevuje od konce 80. let
v souvislosti s prehodnocenim zdsad tzv. ZAKOSU a obecné
s hleddnim vztahu dopravy a urbanistické struktury ve méste.
Prakticky ve vSech téchto dvahdch je jako podminka pro tpravy
stdvajictho stavu Severojizni magistrdly zminovédna existence
ndhradni trasy — tj. zdpadniho segmentu méstského okruhu mezi
Chodovskou radidlou a Proseckou radidlou a ndsledné (nebo sou-
Casné) dokonleni prazského silni¢niho okruhu, minimélné jako
propojeni ddlnic D1, D5 a D8 (obr. 5).

Na vlastni zpusob zklidnéni Severojizni magistraly existuje
nékolik ndzora a dhla pohledu obsaZenych v fadé studif, které se
pokousely situaci resit.

Prakticky v8echny dosavadni préce a dvahy resi problém jednak
presunutim obou dopravnich sméri v oblasti kolem budovy
Nérodniho muzea do prostoru pii portdlu Vinohradskych tunell za
budovy Stétni opery a Ndrodniho muzea a ddle prevedenim trasy ve
sméru na Nuselsky most do Sokolské bud jeité v prostoru Celakov-
ského sadu, nebo na ndm. I. P. Pavlova. Provéfovdny byly razné
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world heritage site. During past years, its section leading along the
National Museum has become one of the most problematic locations
in the very heart of Prague in terms of traffic. In this area, the Trunk
Road significantly degrades the urban environment, deteriorates its
fitness for habitation and the recreational potential of adjacent park
areas and reduces the urban significance of this location. The life of
the city and urban functions virtually stagnate there (see Fig. 3).

On the other hand, the unambiguous benefit of the North-South
Trunk Road can be seen in the fact that, owing to this construction,
the historic centre itself was not damaged by traffic, the Nusle
Bridge was erected and the barrier formed by Masaryk’s Railway
Station was overcome. Owing to the Trunk Road the passage of
main transport routes through the city was made possible, traffic
flow in the historic core of Prague was reduced and the space for
developing pedestrian zones in the centre was provided. However,
from today’s perspective, this solution is viewed as significantly
negative; this state has become unsatisfactory for current needs of
the capital.

The issue of the negative impact of the central section of the
Trunk Route is related not only to the space around the National
Museum, but also to other sections of the route, first of all the sec-
tion running along Legerova and Sokolska Streets in Prague 2.

All of the above-mentioned reasons have inspired traffic experts
and urban designers for many years to search for a new concept of
the North-Southern Trunk Road with the traffic flow eased in the
context of a Prague-wide traffic solution. The last act relating to this
issue is the study entitled Easing of the Traffic Flow on the North-
South Trunk Road, which was carried out for the Department of
Development of the Capital, Prague. The study was conducted in
2008 by SATRA spol. s r.o. and the VHE s.r.0. architectural office.
The objective of the study was to find the most advantageous land-
use and transportation solution to the reduction of traffic flow in the
central part of Prague (see Fig. 4).

DESCRIPTION OF THE SOLUTION TO REDUCING
TRAFFIC FLOW

The idea of reducing the traffic flow on the North-Southern Trunk
Road is not new. It has appeared at various levels and in various out-
puts since the 1980s, in the context of reassessing of principles of
the so-called ZAKOS and, in general, in the context of searching for
the relationship between transportation and the urban structure in
the city. Virtually all of these considerations contain a condition for
changes in the existing state of the North-South Trunk Road, menti-
oning the existence of an alternate route, i.e. the western segment of
the City Circle Road (the inner circle) between the Chodov Radial
Road and Prosek Radial Road plus, subsequent (or simultaneous)
completion of the Prague City Ring Road (the outer circle), conne-
cting the D1, D5 and D8 motorways as the minimum (see Fig. 5).

Several opinions and perspectives exist regarding the method of
easing traffic flow on the North-South Trunk Road itself. They are

Obr. 7 Situace zklidnéni Severojizni magistrdly v oblasti Ndrodniho muzea
Fig. 7 Layout plan of the system reducing traffic flow on the North-South Trunk Road in the National Museum area




Obr. 8 Vizualizace — pohled do Wilsonovy a Legerovy ulice
Fig. 8 Visualisation — a view down Wilsonova and Legerova Streets

moznosti usporadani komunikace za budovami muzea od povrcho-
vého feSeni obou sméru pres tunelové feeni jednoho ze sméra aZ po
obousmérné tunelové feseni komunikace (obr. 6). Pouhé preloZeni
magistrdly ,,za muzeum* vSak vede ke ,,zklidnéni* prakticky pouze
v oblasti Wilsonovy ulice od gardzi Slovan pres Vdclavské namésti
do Mezibranské, tedy v dseku bezpochyby pro urbanistické vztahy
velmi vyznamném, na druhou stranu v oblasti s minimem bydlen{
a téméf bez typického Zivého méstského parteru. V neztenéené mite
je oviem zachovén problém v nasledném tseku mezi Celakovského
sady a Rumunskou, kde na sebe navazuji dopravné vyznamné trasy
magistraly, Je¢nd—Zitn a Anglickd—Rumunska.

Posledni{ projektovd priprava proto vytstila v navrh prevedeni
obou dopravnich smért za Ndrodni muzeum pri pouZiti tunelové-
ho vedeni, s ndvaznym zklidnénim prilehlého tseku magistraly
v prostoru celé Prahy 2 az k Nuselskému mostu (obr. 7).
Zminované feSenfi je sice pomérné technicky a finan¢né nédro¢né,
ale prindsi nejvice pozitiv pro toto citlivé dzemi mésta.

Vzhledem ke stisnénym §itkovym pomérum mezi budovami
Narodniho muzea a jiZznim zhlavim hlavniho nddrazi budou oba
sméry v prevdzné vétsine své délky vedeny v patrovém usporada-
ni. Dopravni smér jih—sever z Nuselského mostu bude od kfizo-
vatky s ulici Zitnou veden ulici Legerovou na sestupnou rampu
horniho tunelu umisténou na za&stku Celakovského sadii. Tunel
podchdzi Vinohradskou ulici a vynofi se v prostoru za objektem
Stdtni opery. Dopravni smér sever—jih se zahlubuje do spodniho
tunelu jiZ od konce budovy hlavniho nddrazi. V prostoru gardzi
Slovan se k hlavnimu sméru je$té napoji rampa z ulice Wilsonovy
umoznujici pripojeni od Véaclavského namésti a z Vinohrad. Déle
je trasa tunelu vedena pod tunelem opacného sméru az do Cela-
kovského sadu, kde se odpoji a vyusti do Mezibranské ulice.
Odtud pokracuje ve stavajici stopé (obr. 8—11).

Obr. 9 Vizualizace — pohled na oblast za budovou Stdtni opery
Fig. 9 Visualisation — a view of the area behind the State Opera building

contained in many studies, which tried to solve the situation.

Virtually all works and considerations which have appeared till
now have solved the problem by shifting both directions of traffic in
the area around the National Museum building to the space at the
Vinorady tunnel portals, behind the State Opera and National
Museum buildings and, further, by diverting traffic in the direction
of the Nusle Bridge to Sokolska Street either early, in the area of
Celakovsky Park or later in I.P.Pavlova Square. Various options of
the layout of the road behind the Museum buildings, ranging from
an at-grade alignment for both directions, through a tunnel for one
direction, to the road running through tunnels in both directions (see
Fig. 6) have been examined. Although, the mere shifting of the
Trunk Road “behind the Museum” leads to the reduction in traffic
flow virtually only in the area of Wilsonova Street, from Slovan par-
king garage, across Wenceslas Square to Mezibranskd Street, which
is on the one hand a section undoubtedly very important for town
planning purposes but, on the other hand, is found in an area with
minimum use for dwelling and nearly without a typical living urban
floorscape. However, the problem remains to exist in an unreduced
extent in the next section, between Celakovsky Park and Rumunska
Street, where there are important neighbouring sections of the Trunk
Road between Je¢nd and Zitnd Streets and Anglickd and Rumunskd
Streets.

The last designing stage therefore resulted in a proposal that both
directions of traffic should be diverted to tunnels behind the
National Museum. It would yield reduction in traffic flow on the
adjacent section of the Trunk Road in the area of the whole Prague
2 up to the Nusle Bridge (see Fig. 7). The above-mentioned soluti-
on is, on the one hand, relatively technically and financially deman-
ding, on the other hand, brings most positives for this sensitive area
of the city.

Because of the constrained width conditions between the National
Museum buildings and the southern gridiron of the Hlavni Nadraz{
railway station, both directions of traffic will be led in a stacked
configuration along the majority of their lengths. The south-north
direction from the Nusle Bridge will be led from the intersection
with Zitnd Street along Legerova Street, to a descending ramp to the
upper tunnel, which will be located at the beginning of Celakovsky
Park. The tunnel passes under Vinohradskd Street to emerge in the
area behind the State Opera building. The north-south direction of
traffic sinks to the lower tunnel as early as the end of the Hlavn{
Nddrazi station building. In addition, a ramp from Wilsonova Street,
allowing the connection from Wenceslas Square and Vinohrady, will
connect to the main route in the area of Slovan parking garage.
Further, the tunnel route passes under the opposite direction tunnel
up to Celakovsky Park, where it detaches to emerge in Mezibranskd
Street. From this point, it continues along the currently existing
route (see Figures 8 - 11).

Part of the reduction in traffic flow on the Trunk Road in Prague
1 project is a roundabout between Slovan parking garage and Hlavni
NddraZzi station, which allows adjacent streets and the parking to
connect.

Prague 2 will experience, within the framework of the reduction
in traffic flow, also the reduction in the number of through traffic
lanes in Sokolska and Legerova Streets, from the current three/four
to two lanes in each direction. At the same time, measures will be
implemented to allow further reduction in transit traffic, together
with measures designed to support preference of mass transit and
pedestrian traffic. This means that the number of at-grade pedestri-
an crossings will be increased, new parking lots for residents and
suppliers will be established and all intersections will be redesigned,
with the regime changed to suit the needs of residential traffic (fast
passage prevention). The objective is to renew the character of
urban boulevards on both streets, which are today virtually ‘dead’
(see Fig. 12).

The solution by means of a tunnel, which is being designed, will
make the rehabilitation of the National Museum surroundings pos-
sible; traffic flow in front of and behind the buildings will be redu-
ced and the environment in the adjacent urban area will be impro-
ved. It will further make renewing of the tram line from
Vinohradskd Street and I.P. Pavlova Square to Wenceslas Square
possible. The newly originated space on the surface will be used for
collision-free pedestrian routes between Vinohrady and Wenceslas
Square, and for increasing the proportion of the area of public gree-
nery in the city centre.




TuHel

Souddsti zklidnéni magistrdly na Praze 1 je zdroven okruzni kii-
zovatka mezi gardZemi Slovan a hlavnim nddrazim zajiStujici
napojeni prilehlé uli¢ni sité a parkingu.

V Praze 2 dojde v rdmci zklidnén{ ke sniZeni po¢tu prubéznych
jizdnich pruhd v Sokolské a Legerové ulici ze stdvajicich tii az
Ctyf na dva v kaZzdém sméru. Soucasné budou prijata opatfeni pro
dal3i redukci prijezdné dopravy spolu s opatfenimi pro preferen-
ci dopravy hromadné a pési. Tim je minéno zvySeni poétu drov-
fovych pfechodt, vybudovédni novych parkovacich mist pro rezi-
denty a zdsobovédni tzemi a nové feSeni vSech kfizovatek
s Upravou rezimu pro obsluhu tzemi (zamezeni rychlému prujez-
du). Cilem je v obou dnes v podstaté ,,mrtvych* uli¢nich prosto-
rech obnovit charakter méstskych bulvdru (obr. 12).

Navrhované tunelové feSeni umoZzni rehabilitovat okoli
Narodniho muzea, tj. zklidnit prostor pfed a za budovami a zlepsit
zivotni prostredi prilehlého tizemi mésta. Ddle umoZni obnovit
vedeni tramvajové trati z Vinohradské tiidy a z namésti
1. P. Pavlova na Véclavské ndamésti. Nové vznikly prostor na povr-
chu bude vyuZit pro bezkolizni pfevedeni pé§ich mezi Vinohrady
a Vaclavskym ndméstim a pro zvySeni plosného podilu zelené
v centru mésta.

To plati i pro Gsek vedeny povrchové na Praze 2, kde bude dopl-
néna uli¢ni zelen a umoZnéna primd obsluha dzemi parkovacimi
pruhy. Dopravné-inZenyrské posouzeni intenzit dopravy v oblasti
prokdzalo snizeni dopravni zatéZe po dokonceni navrzeného
zklidnéni o 10-25 % ze soucasného stavu.

Soucdsti této ¢dsti zklidnéni magistrdly je i stavebni zaloZeni
ndvazného tunelového useku pro moznost vyhledového pokraco-
véni hlavni trasy tuneld z prostoru Celakovského sadli razenou
technologif aZ k Nuselskému mostu. Tunelové rampy z Celakov-
ského sada do Legerovy a Mezibranské ulice by tak v budoucnu
zajistovaly pouze napojeni mistni obsluhy, hlavni{ trasa magistraly
by byla od hlavniho nddrazi skrytd v jednom tunelovém tseku az
ke svahiim Folimanky.

Tento pozadavek méstské Cdsti Praha 2 se vSak z hlediska
dopravné-inzenyrského nejevi jako piinos, nebot sice sniZuje bez-
prostredné zitéZe v ulicich Legerova a Sokolskd, ale nabidkou
dal3i atraktivni trasy naopak vyrazné zvySuje dopravni zatiZeni
pred vstupy do zklidnovaného tdzemi (Praha 1, Praha 4).
Rozhodnuti o kone¢né délce tunelu tak bude vysledkem kompro-
misu v kontextu Sir§ich celoméstskych vazeb a doufejme, Ze se
podafi oprostit od populistickych politickych tlaka.

TECHNICKY POPIS RESENI TUNELU

Délka tunelovych tusekt 1. etapy je cca 485 m spodni tubus
a 300 m horni tubus. Patrové uspordddni umoznuje rozsdhlejsi
zakryti komunikace, vytvaii mensi prostorovy zdsah do tzemi,
minimalizuje rozsah kfizovatky pred gardZzemi Slovan (bez jejich
demolice) a prindsi obecné vhodnéjsi zaclenéni trasy do morfolo-
gie dzemi.

Obr. 11 Vizualizace — pohled na oblast za starou budovou Ndrodniho muzea
Fig. 11 Visualisation — a view of the area behind the old National Museum
building
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Obr. 10 Vizualizace — pohled do prostoru Celakovského sadii
Fig. 10 Visualisation — a view of the Celakovsky Park space

The same also applies to the section running on the surface in
Prague 2, where street greenery will be added and direct resident
traffic will be improved by adding parking lanes. A traffic-enginee-
ring assessment of traffic volumes in the area proved that the traffic
flow after the completion of the reduction being proposed will drop
by 10-25% compared with the current state.

Part of this segment of the project for the reduction of traffic flow
on the Trunk Road is the structural preparation for an adjacent tun-
nel section allowing the main tunnel route to continue in the future
in the form of mined tunnels from the area of Celakovsky Park up
to the Nusle Bridge. Thus the tunnel ramps from Celakovsky Park
to Legerova and Mezibranskd Streets would have to secure only the
connection for local resident traffic in the future, while one tunnel
section of the main Trunk Road route would be buried from Hlavni
NddraZz{ station up to Folimanka slopes.

However, this requirement of the municipal district of Prague 2
does not seem to be beneficial in terms of traffic engineering becau-
se, on the one hand, it reduces direct burdens on Legerova and
Sokolskd Streets, on the other hand, it acts conversely by offering
another attractive route, thus significantly increasing the traffic flow
before entries to the areas where the traffic flow is to be reduced
(Prague 1, Prague 4). Therefore, the decision about the final length
of the tunnel will be the result of a compromise within the context
of wider, city-wide relationships. Hopefully, it will be successfully
rid of populistic political pressures.

TECHNICAL DESCRIPTION OF THE TUNNEL DESIGN

The lengths of the 1st stage tunnel sections are about 485m and
300m for the lower tube and the upper tube respectively. The stac-
ked configuration allows more extensive covering of the road, redu-
ces the intervention into the area space, minimises the extent of the
intersection in front of Slovan parking garage (without demolishing
it) and brings generally more suitable incorporation of the route into
the area morphology.

The structural design for the 1st stage tunnel comprises the use of
the cut-and-cover and cover-and-cu (top-down) methods. The clas-
sical cut-and-cover method with the sides of the open construction
trench supported by diaphragm walls is planned for the space behind
the old National Museum building (see Fig. 13). Conversely, the so-
called Modified Milan Method (top-down method) is assumed to be
used in the constrained space behind the new National Museum
building (the space at the gridiron of the Hlavni NadraZ{ station) and
under Vinohradska Street with the aim of reducing the time required
for traffic restrictions on the surface. The tunnel profile will be
excavated under the protection of pre-constructed structural diap-
hragm walls and a tunnel roof deck. In both cases the tunnels are
reinforced concrete frame structures with flat roof decks.

The stacked configuration of the tunnels behind the National
Museum allows the designer to develop the tunnel roadway confi-
guration in a manner which will meet required standard parameters
(CSN 73 75 07/2006 — Road Tunnel Design). The double-lane uni-
directional road is designed for each tunnel tube in the following
configuration: 2 x 3.5m traffic lanes, 0.25m wide marginal strips +
slip/turning lanes. The clearance profile is 4.5m high.



Obr. 12 Situace zklidnéni Severojizni magistrdly, vyhledové tunelové FeSeni
pod Prahou 2

Fig. 12 Layout plan of the system reducing traffic flow on the North-South
Trunk Road - the outline solution with tunnels under Prague 2

Stavebné-technické feSeni tunelu 1. etapy predstavuje vyuZiti
dvou metod vystavby hloubenych tuneld. V prostoru za starou
budovou Ndrodniho muzea je uvaZovdno s vyuZzitim klasické
technologie budovéni do zapazené stavebni jdmy z povrchu (obr.
8). Naopak ve stisnéném prostoru za novou budovou Nédrodniho
muzea (prostor pfi zhlavi hlavniho néddrazi) a pod Vinohradskou
tiidou se pro urychleni povrchového omezeni predpokladd vyuZzi-
ti tzv. modifikované mildnské metody (obr. 13), kdy je profil
tunelu odtéZovan Celné pod ochranou pfedem vybudovanych
konstruk&nich podzemnich stén a stropu tunelu. V obou pfipa-
dech se jednd o ramové Zelezobetonové konstrukce s deskovym
stropem.

Patrové uspordddni tuneli za muzeem dovoluje navrhnout 3if-
kové usporfadéani tunell tak, aby spliiovalo poZzadované normové
parametry (CSN 73 75 07/2006 — Projektovéni tunelii pozemnich
komunikac{). Dvoupruhovd jednosmérnd komunikace je v kazdé
tunelové troubé navrzena ve skladbé 2 x 3,5 m — jizdni pruhy
s vodicimi prouzky v Sifce 0,25 m + pripojovaci/odpojovaci
pruhy. Vyska prajezdniho profilu je 4,5 m.

Pro moZnost budouciho pokraovani navrZzenych tuneli smérem
k Nuselskému mostu je v rdmci hloubenych tunelt 1. etapy,
v prostoru mezi ulicemi Skrétova a Legerova, navrZeno stavebni
zaloZeni odpojeni/pripojeni (rozplet) formou kratkych tunelovych
zdrodku (obr. 14). V budoucnu tak bude moZné pievést povrcho-
vou dopravu z Legerovy a Sokolské ulice

To allow the tunnels being designed to continue toward the Nusle
Bridge in the future, structural preparation for slip/turning lanes
(tunnel bifurcations) is designed within the framework of the 1st
stage of the cut-and-cover tunnels, in the area between Skrétova and
Legerova Streets, in the form of short tunnel stubs (see Fig. 14).
Thus it will be possible in the future to divert surface traffic from
Legerova and Sokolskd Streets under entire Prague 2 by means of
approximately 1.8km long tunnels, the majority of which will be
mined. This solution will be relatively very complicated, both in
terms of the horizontal alignment of the route and the conditions for
the tunnel excavation itself. Developing an optimum alignment is
prevented by the existing underground route of the metro Line C,
a tunnel connecting the metro Lines A and C, the underground par-
king above I.P. Pavlova metro station in Legerova Street, the main
water supply line for the Karlov water plant and, of course, also
dense residential development. In addition, requirements for tunnel
safety equipment, first of all escape routes — cross passages — must
be fulfilled throughout the tunnel length.

From the geological point of view, the tunnel environment con-
sists of Ordovician rock types, namely the Liben Shales and Revni-
ce Quartzites. Made ground has the character of sandy-loamy and
loamy-stony materials. The thickness of the made ground layer rea-
ches about 3m, while the weathered zone is up to 6.5m high.
Interlayering quartzite plates are relatively very hard. The strength
values are in the order of hundreds MPa. However, any other disin-
tegration technique than mechanical cannot be planned with respect
to the important buildings of the National Museum and State Opera
or tubes of the Vinohrady tunnels and metro tunnels found in close
proximity.

pomoci cca 1,8 km dlouhych prevdzné
razenych tunelt pod celou Prahou 2.
Bude se jednat o pomérné znaéné kom-
plikované reseni, a to jak z hlediska dis-
pozice trasy, tak i podminek pro vlastni
tunelovdni. Rozvinuti optimdlni trasy
brani stdvajici podzemni vedeni metra
trasy C, tunelové spojky mezi trasami
metra A a C, podzemni gardze nad stani-
ci I. P. Pavlova v Legerové ulici, hlavn{
vodovodni privadé¢ pro voddrnu Karlov
a samozrejmé i hustd povrchova zdstav-
ba. Navic je tfeba v celé délce trasy dodr-
Zet pozadavky na bezpecnostni vybaveni
tunelu, zejména dinikové cesty-propojky.

Z geologického hlediska je prostredi
tunelu tvoreno ordovickymi horninami
libenskych bridlic a fevnickych kiemen-
cu. Navazky maji charakter pisCitohlini-
tych a hlinitokamenitych materidlt.
Mocnost navdzek dosahuje cca 3 m,
zvétrald zéna dosahuje 6,5 m. VloZené
desky kfemencu maji pomérné vysokou
pevnost v fadu stovek MPa, s ohledem na
blizkou zdstavbu vyznamnych budov

7

Zklidnéni Severojiini magistrily v dseku
Rumunské - Bolzanova, REZ 5-2

- - Legerova

Ndrodniho muzea a Stdtni opery, resp.
tunelovych trub Vinohradskych tunelu
a metra vSak nelze uvaZovat s jinym nez
mechanickym zpusobem rozpojovani.

Mox 2 v

tunnels

Obr. 13 Pri¢ny fez tunelem Muzeum (Celni odtéZovdni), s vazbou na Vinohradské Zeleznicéni tunely
Fig. 13 Cross section through the Museum tunnel (cover-and-cut method), with a link to the Vinohrady rail
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The only ground water existing in the
area is fissure water; with respect to the
terrain configuration, the water table is
assumed to be found at relatively great
depth.

It will be possible to use the experience
obtained during the construction of the
Letnd section of Blanka complex of tun-
nels during the work on the design, but
also during the construction, above all as
far as the cover-and-cut tunnels are con-
cerned. The geological conditions, the
intense previous use of the area with
numerous buried utility services and the
technical means of construction to be
used are very similar. Despite this fact,
great attention will have to be paid in the
subsequent construction stages even to
detailed checking of the proposed techni-
cal solution and its details. A separate pro-
blem is the task to define the works orga-
nisation with respect to the necessity of
maintaining at least partial traffic on the

Trunk Road.

Obr. 14 Pricny rez tunelem Muzeum (klasickd technologie vystavby), se zdrodky vyhledovych tuneli pod Prahou 2

Fig. 14 Cross section through the Museum tunnel (classical construction technology), with germs of future

tunnels under Prague 2

Podzemni voda je pouze puklinovd, jeji hladina se s ohledem na
konfiguraci terénu predpokladd v pomérné velké hloubce.

Pfi ndvrhu, ale i pti vystavbé zejména Celné odtéZovanych tune-
1u se dd hojné vyuZit zkuSenosti z vystavby letenského tseku
tunelového komplexu Blanka. Geologické podminky, intenzivni
dosavadni vyuziti izemi s mnozstvim uloZenych inZenyrskych sit{
a pouzité technické prostredky vystavby jsou velmi podobné.
Presto je treba v dalSich stupnich projektové pripravy vénovat vel-
kou pozornost i detailnimu proveéfeni navrZzeného technického
feSeni a jeho detaild. Samostatnym problémem je stanoveni orga-
nizace vystavby ve vztahu k nutnému udrZenf{ alespon ¢dste¢ného
provozu po magistréle.

STAV PRIPRAVY

V soucasné dobé dokoncend studie feSeni zklidnéni Severojizni
magistrdly pro$la pripominkovym fizenim na jednotlivych mést-
skych Castech a dotéenych orgdnech statni spravy. K vlastni reali-
zaci zklidnéni Severojizni magistrdly muze byt pfistoupeno aZ po
kompletnim zprovoznéni zdpadni poloviny méstského okruhu, tedy
po dokonceni useku okruhu mezi Malovankou a Pelc-Tyrolkou
s pravé budovanym tunelovym komplexem Blanka. Zdpadni st
mestského okruhu vytvori alternativni trasu pro hlavni dopravni tah
méstem ve sméru sever—jih. Cely dokonCeny méstsky okruh vytvo-
fi ochrannou objizdnou komunikaci Sir§iho centra mésta, takZe
bude mozné vyznamné omezit prijezdnou dopravu centrem, tedy
i po stdvajici Severojizni magistrdle. Spolu s dokon¢enim vyznam-
né dsti nadrazené sité komunikaci v Praze bude moZno pfijmout
i dalsi regula¢ni prvky dopravy jako napf. myto s cilem jesté vice
omezit dopravu nejen v centralni oblasti Prahy.

Termin realizace zklidnéni pfipadd nejdfive na obdobi roku
2012-2015. Svuj pochybny pfinos vSak i v tomto projektu jisté
prinesou prispévky ,,ekologickych iniciativ®, politické haStefeni
mistnich, ale i statnich politika a v neposledni fadé i sniZen{ vefej-
nych investi¢nich prostfedkt vlivem ekonomické recese.

Projek¢ni priprava a ndslednd realizace zklidnéni Severojizni
magistrdly je koordinovdna i s dal$imi vyznamnymi zdmeéry
v jejim okoli, jako jsou rekonstrukce obou budov Ndarodniho
muzea véetné vytvoreni podzemni propojovaci komunikace, déle
Uprava Vdclavského ndmésti s realizaci podzemnich gardzi pod
ndméstim, rekonstrukce a modernizace Zelezniéni stanice
Praha—hlavni nddraZi a realizace Zelezni¢niho vedeni prazského
diametru, v neposledni fadé i s rekonstrukci Vrchlického sada
a s dostavbou v prostoru pied portdlem Vinohradskych tunelu.

Predpoklddané investi¢ni ndklady 1. etapy dosdhnou cca
2,0-2,5 mld. K&, délka vystavby by neméla presdhnout 2 roky.

STATE OF PREPARATION

The currently completed study of the
solution for the reduction of traffic flow
on the North-West Trunk Road has passed the commenting procee-
dings in individual municipal districts and at respective governmen-
tal agencies. The construction work on the North-South Trunk Road
itself can commence only after the western half of the City Circle
Road is completely opened to traffic, which means after the com-
pletion of the Circle Road section between Malovanka and Pelc
Tyrolka, containing the Blanka complex of tunnels, which is cur-
rently under construction. The western part of the City Circle Road
will provide an alternative to the main transport route through the
city in the north-south direction. Once completed, the entire City
Circle Road will become a protective alternative road around the
wider centre of the city, thus it will be possible to significantly redu-
ce transit traffic through the centre, including the traffic on the exis-
ting Trunk Road. When the significant portion of the high-level road
system in Prague is completed, it will be possible to implement even
other traffic regulation elements, such as for example toll collecti-
on, with the aim of further reducing traffic flow not only in the cent-
ral part of Prague.

The work on reducing traffic flow on the Trunk Road could be
carried out in 2012-2015 at the earliest. However, activities of “eco-
logical initiatives”, political bickering among politicians at both
local and also governmental levels and, at last but not least, cuts in
the public investment funding owing to the economic recession will
certainly make a dubious contribution even to this project.

The designing stage and subsequent implementation of the project
solving the reduction of traffic flow on the North-Southern Road are
even coordinated with other important project concepts planned for
the surroundings, such as the reconstruction of both buildings of the
National Museum including the creation of an underground conne-
cting route, changes in Wenceslas Square with the development of
underground parking garages under the square, the reconstruction
and modernisation of Praha Hlavni NddraZi station and construction
of rail tracks for the Prague Diametrical System and, at last but not
least, even with the reconstruction of Vrchlicky Park and building
structures in front of the Vinohrady tunnels portal.

The anticipated investment costs of the 1st stage will reach rough-
ly CZK 2.0-2.5 billion; the construction work period should not
exceed 2 years. The investment means will be provided by the State
Fund for Transport Infrastructure.

CONCLUSION

The proposed solution to the North-South Trunk Road in Prague
comprising tunnels makes it possible to meet to the widest possible
extent the sometimes even partially contradicting requirements for
reducing traffic flow in the central area of the city, maintaining the
road carrying capacity and, at the same time, improving resident
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Investi¢ni prostredky poskytne statni fond dopravni infrastruk-
tury.

ZAVER

Navrzené tunelové feSeni Severojizni magistrdly v Praze umoz-
fuje v nejsirsi mite splnit nékdy i ¢dste¢né protichudné pozadav-
ky na zklidnén{ v centrdlni oblasti mésta, zachovén{ dopravni pro-
pustnosti a zdroven zlepSeni obsluhy tzemi. ReSeni umoZni reha-
bilitovat okoli Ndrodniho muzea, tj. zklidnit prostor pred a za
muzeem, zlepsit Zivotni prostfedi pfilehlého tizemi mésta, zejmé-
na navazujictho tuseku Wilsonovy ulice, Mezibranské ulice
a Celakovského sadii. Po realizaci tunelu vznikne piimé p&si spo-
jeni mezi Véclavskym ndméstim a Vinohrady a mezi celoméstsky
vyznamnymi budovami, které jsou dosud odriznuty magistralou.
Realizace tunelu je i vstupni podminkou pro zamyslenou obnovu
tramvajového spojeni mezi Vinohrady a Novym Méstem.

Ndvrh spliiuje pozadavky na urbanistické dotvoreni tzemi
a navyseni ploch zelen¢ v tizemi. S ohledem na pozadavek Prahy
2 byl navrh koncipovén do technicko-stavebniho feSenf respektu-
jictho moZné budouci tplné oddéleni magistrdly od uli¢niho pro-
storu v celé Praze 2. Pro tyto potfeby je navrzeno vyhledové tune-
lové prodlouzeni tunell pod zdstavbou az k Nuselskému mostu.

Zklidnén{ Severojizni magistrdly s tunelem Muzeum je jednim
z nejaktudlnéjsich dopravné-urbanistickych dkold v hlavnim
mésté, kde popsané feSeni predstavuje pouze jednu dil¢i &dst
v oblasti prochdzejici bezprostfedné centrem Prahy. Tato &ast
zklidnéni musi zapadnout do koncepce zklidnéni celé Severojizni
magistrdly, resp. celého prostoru uvnitr méstského okruhu, kterd
bude bezprostiedné navazovat i v souladu s poZadavky jednotli-
vych dotenych méstskych ¢asti, kterymi magistrala prochazi.

ING. PAVEL SOUREK, pavel.sourek@satra.cz,
SATRA, spol. s. r. o.
Recenzoval: doc. Dr. Ing. Jan Pruska

traffic in the area. Owing to the above-mentioned solution, it will be
possible to rehabilitate the surroundings of the National Museum,
namely to reduce traffic in front of and behind the Museum, impro-
ve the environment in the adjacent area of the city, first of all the
neighbouring section of Wilsonova Street, Mezibranskd Street and
Celakovsky’ Park. When the tunnel construction is finished, direct
connection will originate between Wenceslas Square and Vinohrady
and among buildings significant in the context of the entire city,
which have been cut off by the Trunk Road till now. In addition, the
construction of the tunnel is a precondition for the planned renewal
of tramline connection between Vinohrady and the Prague New
Town.

The proposal satisfies requirements for improving the urban
structure in the area and increasing the extent of green areas in the
location. Taking into consideration a requirement of the municipal
district of Prague 2, the draft was incorporated into a structural
design making the complete separation of the Trunk Road from stre-
ets throughout Prague 2 possible. For this reason an extension of the
tunnels is proposed to lead under existing buildings up to the Nusle
Bridge in the future.

The reduction of traffic flow on the North-South Trunk Road inc-
luding the Museum tunnel is one of the most topical land-use and
transportation tasks in the capital, where the above-described solu-
tion represents only one partial component in the area running
directly through the centre of Prague. This section where the traffic
flow is to be reduced must fit in the concept of reducing traffic flow
on the entire North-South Trunk Road, or in the entire space framed
by the City Circle Road, which will immediately follow, even in
compliance with requirements of individual municipal district
which are affected by the passage of the Trunk Road.

ING. PAVEL SOUREK, pavel.sourek@satra.cz,
SATRA, spol.s. r. 0.
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STAVBA KARVINA - ROZSIRENI KANALIZACE
KARVINA SEWERAGE EXPANSION

ADAM LUBOJACKY, PETR SZOTKOWSKI, ALOIS KVETAK

uvob

Meésto Karvind md 66 500 obyvatel. Ve méste existuje netiplnd kana-
lizadni sit’ napojend na v soucasné dobé modernizovanou &istirnu
odpadnich vod — COV s kapacitou 88 000 ekvivalentnich obyvatel.
Stavajici kanaliza¢ni sit'byla silné hydraulicky pretiZena.

Kanaliza¢ni systém ve mésté Karvind byl feSen jako jednotnd kana-
lizace, kterd spole¢né odvéadéla splaskové a destové vody z méstské
zdstavby do COV Karvind, kde tyto splaskové a de§tové odpadni vody
byly Cistény na prijatelnou droven.

Zamérem vybudovani nové sité kanaliza¢niho sbérace bylo posileni
kapacity nynéjsi kanalizace. Pii velkych deStovych prutocich v jiZ
zminovanych zéndch dochdzelo k nedostateénému odvedeni odpad-
nich vod, coZ zpusobovalo zdplavy a $kody na majetku.

Z tohoto divodu se v rdmci samostatné stavby provadéla vystavba
nového sbérace ,,C*, ktery md odlehovat hydraulické pretiZeni sbéra-
&0 méstské kanalizace a zlepsi tak odtokové poméry v kanaliza¢ni siti
uvnitf mésta. Vybudovany sbéra¢ ,,C* znamend rozsiteni stokového
systému ve mést¢ Karvind a zlepSeni odvddéni odpadnich vod ze spé-
dové oblasti.

CELKOVA KONCEPCE RESENI ODVODNENI

Vystavba tohoto pldnovaného kanaliza¢niho sbérale ,,C* byla roz-

délena v zdsadé do tif samostatnych ésti — etap.
_ 1. etapa — zahrnuje spodnf a stfedn{ ¢dst sbéraCe a jeho napojeni do
COV Karvind. Tento tsek stoky byl podminujici stavbou pro dal$i roz-
voj stokové kanaliza¢ni sit€¢ ve mésté Karvind. Tato 1. etapa je pak roz-
¢lenéna na tri samostatné projekty tvorici skupinu staveb.

Cast ,, A1 — propojeni — predstavuje dsek odlehcovaci trasy do
vodoteCe a pripojeni odpadnich vod na COV.

Cist ,,A2° — piitok — predstavuje hlavni &dst feSeného tseku sbé-
race.

Cast B« — odtok — pfedstavuje Gpravu soucasného otevieného kory-
ta jako odtok z COV.

2. etapa a 3. etapa — zahrnuji horni ¢dst sberace, ktery bude veden az
do okrajovych ¢asti mésta. Tato ¢dst zatim nen{ bliZe rozpracovdna.
Predpokldda se, Ze bude realizovana postupné po jednotlivych tsecich
v zdvislosti na moZnostech mésta Karvind.

Celd stavba Karvind — Rozsiten{ kanalizace byla provadéna dle pro-
jektové dokumentace zpracované firmou HYDROPROJEKT CZ, a. s.,
OZ Ostrava. Investorem stavby bylo mésto
Karvind a dozorem investora sdruZeni firem
VOD-KA, CECH-ENGINEERING a TECHNO-
PROJEKT. Na realizaci stavebnich praci se podilely
stavebni firmy ve sdruzeni TCHAS, VOKD a OHL
ZS.

Z vy$e uvedenych davodu bylo navrzeno vybu-
dovat novy kanalizaéni sbéra¢ ,,C“, ktery
v budoucnu uvolni pretiZenou stokovou kanaliza¢-
ni sit'v centru mésta. Rovnéz tak v rdmci tohoto
feSeni bylo navrZeno zfizen{ reten¢nich destovych
zdrzi. Tim se vytvoril prostor pro akumulaci pri-
valovych destovych vod, coz op€t umoznuje sniZit
pruto¢ny profil nové navrhované kanalizace.

STAVBA 01 — KARVINA - ROZSIRENI
KANALIZACE, CAST 1, USEK B

Stavba ¢dsti B md vécnou a Casovou ndvaznost
se stavbami Kanalizacniho sbérace C, 1. etapa —
Cast A1, ¢ast A2 a musi byt dokoncena pred jejich
uvedenim do provozu.

Iniciovala nutnost zvySeni kapacity stdvajici
ryhy mezi COV a fekou OI3{ z dnesnich 13,0 m%/s
na névrhovych 18,96 m¥/s.

INTRODUCTION

The town of Karvind has the population of 66,500. There is an incomple-
te sewerage network in the town. It is connected to a wastewater treatment
plant with the capacity for population equivalent of 88,000, which is current-
ly being upgraded. The existing sewerage network has been heavily hydrau-
lically overloaded.

The sewerage system in the town of Karvind was solved as combined
sewerage. It disposed sewage together with storm water from the urban set-
ting to Karvind WTP, where the sewage with storm water was treated to reach
a socially acceptable degree of cleanness.

The objective of the project for developing a new trunk sewer and
a network around it was to increase the capacity of the existing sewerage. At
large storm flows in the above-mentioned zones the sewage evacuation capa-
city was insufficient, causing inundation and property damage.

This was the reason why the construction of a new trunk sewer, Sewer C, was
carried out in the framework of an independent project. It was designed to reli-
eve the hydraulic overloading of urban trunk sewers, thus to improve discharge
conditions in the sewerage network inside the town. The completed Trunk
Sewer C means the expansion of the sewerage system in the town of Karvind
and improvement of evacuation of sewerage water from the catchment area.

OVERALL CONCEPT OF THE DRAINAGE SYSTEM

The construction of Trunk Sewer C being planned was divided, in prin-
ciple, into three separate parts — stages.

Stage 1 — consisting of the downstream and central sections of the sewer
and the connection of the sewer to the Karvind WTP. This sewer section was
prerequisite for further developing the sewerage network in the town of
Karvind. This Stage 1 is sub-divided into three separate projects, forming
a group of structures.

Part A1 — the interconnection — comprising a section of the relief pipeline
to a watercourse and the connection of the line carrying sewage to the WTP.

Part A2 — the inflow — representing the main part of the trunk sewer secti-
on being designed.

Part B — the outflow — representing the reconstruction of the existing open
channel serving as an outflow from the WTP.

Stage 2 and Stage 3 — comprising the upstream section of the trunk sewer;
they will lead up to the outskirts of the town. Details of this part of the project
have not been worked out yet. It is expected that it will be developed step by
step, in individual sections, depending on possibilities of the municipality of
Karvind.

-
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Obr. 1 Celkova situace stavby Karvind — RozSifeni kanalizace
Fig. 1 General layout of the Karvind Sewerage Expansion project
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Obr. 2 SO 01 Sanace brehu karvinského potoka (foto Ing. Petr Szotkowski)
Fig.2 SO 01 The Karvind brook bank regulation (Photo courtesy of Ing. Petr
Szotkowski)

Stavebni feSeni je navrZeno prohloubenim i ¢dstenym roz§ifenim
dolniho tseku potoka v tiseku feka Ol3e aZ po napojeni Zelezarenské-
ho potoka a ryhy odpadu COV v celkové délce 12552 m a v tiseku
ryhy potoka podél ul. Staroméstské az po byvalé odlehéeni
Ol$anského ndhonu nad COV v celkové délce 790 m.

STAVBA 02 — KARVINA - KANALIZACNI SBERAC ,,C*,
1. ETAPA, USEK ,,A1“

Pro tuto ¢dst byla navrzena nové odleh&ovaci komora ,,OK1C*, pfi-
pojeni stdvajiciho sbérale ,,A* do této komory, pfipojeni nového sbé-
race ,,C* — usek ,,A2* do této komory, vybudovéni pfipojeni do cov
Karvind — vlastni sbéra¢ ,,C—Cést A1“ v&etné vybudovéni nové odleh-
Covacf stoky ,,0S1C* do prilehlého recipientu — do otevieného koryta
odtoku ze stivajici COV a nésledné do feky Olge.

Nove navrhovand kanaliza¢ni stoka se realizovala ze sklolaminéto-
vych trub HOBAS v otevieném vykopu, uloZenych do piskového sedla
a s piskovym obsypem. PouZity typ trub HOBAS se uzivd v niZe uve-
denych prumérech s tuhosti SN 10 000.

STAVBA 03 — KARVINA - REKONSTRUKCE STARE COV
NA DESTOVE ZDRZE

Stavba destové zdrze (DZ) je navrZena na misté puvodnich usazo-
vacich nddrZi ve staré Cistirné odpadnich vod (COV) v Karviné. Stard
COV je jiz mimo provoz a této lokality se vyuZilo pro vystavbu DZ,
kterd na nové COV Karvind chybi. Jednd se o stavbu ekologického
charakteru, kterd svym zprovoznénim zkvalitnila ¢isténi odpadnich
vod z kanaliza¢ntho systému mésta Karvind. Destova zdrz slouzi
a bude slouZit pro akumulaci ¢ésti deStovych odpadnich vod a pak
k fizenému preGerpavani do nové COV. DZ bude jako retenéni nepri-
to¢na na vedlejsim sméru mimo hlavni pritokovou stoku, na odtoku
z nové odlehcovaci komory OK1C.

STAVBA 04 — STOKA C - 1. ETAPA, USEK A2

Geologické poméry

Provedeny geologicky pruzkum ukdzal na sloZité geologické pomé-
ry a na rychlé stiiddni jednotlivych typt zemin v trase planovaného
sbérace. V trase sbérale se stiidaji vrstvy jilovité, pis¢ité a Stérkovité.
Razba misty prochézela vrstvami zvodnélych Stérkopiski, proto bylo
nutné pocitat s nebezpedim vétsich pritoki vody do dila
a v nepriznivém piipadé s vytékanim pisku. Celd délka projektované
trasy byla silné ovliviiovdna podzemni vodou, kterd méla charakter
mirné napjaté vody. Pfed vlastnim provddénim bylo nutné tento stav
zménit dostateénym Cerpdnim podzemnich vod zejména v mistech,
kde je nebezpeti ztekuceni piska.

Razba pomoci ISEKI TCC 1520

Kanaliza&ni sbéraé C od Sachty $2 po $20 o délce 1958 m se pro-
vadél bezvykopovou technologii — mikrotuneldzi pomoci stroje ISEKI
TCC 1520. Technologie mikrotuneldze spociva v naruseni zeminy spe-
cidlnim rozruSovanim hlavou o stejném vnéjSim profilu, jako je vnéjsi
profil zatlatovaného potrubi. Naru$end zemina se vyplavuje prostied-
nictvim tlakové vhanéné jilové suspenze do prostoru Cela rozruSovani
hlavice a ndsledné od€erpdavd mimo téZni prostor a mimo vykop.

The entire Karvind Sewerage Expansion Project was implemented in com-
pliance with a design carried out by HYDROPROJEKT CZ, a. s., OZ Ostrava.
The client was the Municipality of Karvind and the client’s supervision was
performed by a group of companies consisting of VOD-KA, CECH-ENGI-
NEERING and TECHNOPROJEKT. The construction was carried out by
a consortium of contractors consisting of TCHAS, VOKD and OHL ZS.

The New Trunk Sewer C project was developed for the above-mentioned
reasons, to relieve the overloaded sewerage network in the centre of the town.
The development of stormwater retention basins was also designed within
the framework of this project. Thus a space for accumulation of storm water
was created and, as a result, it was possible to reduce the flow cross section
of the newly designed sewer.

CONSTRUCTION LOT 01 - PART 1, SECTION B
OF THE KARVINA SEWERAGE EXTENSION PROJECT

The construction of Part B is related objectively and in terms of time to the
Stage 1 — parts Al and A2 construction lots of Trunk Sewer C. It must be
completed prior to the commissioning of these parts.

It brought about the necessity for increasing the capacity of the existing
trench between the WTP and the OlSe River from today’s 13.0 m3/s to the
design value of 18.96 m3/s.

The design solution proposes deepening and partial widening of the
downstream section of the brook, i.e. the 1255.2m long section between the
Ol3e River and the connection of the Zelezarensky Brook and the WTP out-
let trench, and the 790m long section of the brook along Staroméstska Street
up to a former upstream the WTP.

CONSTRUCTION LOT 02 -~ KARVINA TRUNK SEWER C,
STAGE 1, SECTION A1

The design for this part comprises a new relief chamber, OK1C, the con-
nection of the existing Trunk Sewer A to this chamber, the connection of the
new Trunk Sewer C — section A2 to this chamber, building the connection to
Karvind WTP — the Trunk Sewer C-part A1 itself to this chamber including
the construction of the new OS1C relief canal to the adjacent recipient — the
open channel of the outflow from the existing WTP and then to the OlSe River.

The newly designed trunk sewer was built in an open trench using
HOBAS glassfibre reinforced plastic tubes, which were laid to a sand bed
and covered with sand padding. The below-mentioned diameters of the
HOBAS type of tubes were designed, with SN 10,000 rigidity.

CONSTRUCTION LOT 03 -~ KARVINA — RECONSTRUCTION
OF AN OLD WTP TO STORMWATER RETENTION BASINS

The construction of the stormwater retention basin (SRB) is designed for
the location of original settling tanks at the old wastewater treatment plant
(WTP) in Karvind. The operation of the old WTP has been terminated; the
location was used for the construction of a retention basin, which is needed
at the new Karvind WTP. It is an ecological construction which, through its
operation, has improved quality of the treatment of sewage coming from the
Karvind municipality sewerage system. The retention basin has served and
will accumulate a proportion of storm water, which will be subsequently
pumped in a controlled manner to the new WTP. The SRB will be of the ter-
minal type, on a branch outside the main inflow sewer, on the outflow from
the new relief chamber OK1C.

CONSTRUCTION LOT 04 - TRUNK SEWER C - STAGE 1,
SECTION A2

Geological conditions

The completed geological survey showed complicated geological conditi-
ons and quick alternation of individual ground types on the route of the trunk
sewer being planned. Clayey, sandy and gravelly layers alternate along the
trunk sewer route. The excavation locally passed through water-bearing gra-
vel-sand layers. It was therefore necessary to count with the danger of larger
inflows into the excavation, with sands flowing in an unfavourable case. The
entire length of the route being designed was significantly affected by ground
water, having a character of moderately confined water. This condition had
to be changed prior to the construction by means of adequate pumping of
ground water, first of all in the locations where the danger of liquefaction of
sands existed.

Excavation using an ISEKI TCC 1520

Trunk Sewer C section between manholes $2 and §20, 1958m long, was
built using a trenchless technique — microtunnelling by means of an ISEKI
TCC 1520 machine. The principle of the microtunnelling technique is that
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Obr. 3 SO 03 Destova zdr? DZ ¢. 2 (foto Ing. Adam Lubojacky)
Fig. 3 SO 03 The stormwater retention basin, SRB 2 (Photo courtesy of Ing.
Adam Lubojacky)

Plvodné byly pro razbu navrzeny Zelezobetonové nebo kameninové
roury. Pro prvni dsek S2-S3 byly pouZity kameninové roury DN 1400
0 délce 2 m. Tento tsek délky 85 m byl vyraZen s primérnym dennim
postupem 8 m. Z duvodu vzniklych problému souvisejicich
s doddvkou kameninového potrub{ do§lo k ndhradé za sklolaminétové
potrubi HOBAS DN 1400 délky 3 m. Vyhoda téchto rour spocivala
zejména v jejich nizké hmotnosti, a tim i snadnéjsi manipulaci.

Razba probihala ve Stérkovych az StérkopisCitych vrstvach
s prumérnou rychlosti 15 m za den, maximdlni dosaZeny postup byl
24 m za den. Nejdel$i raZeny tdsek mel 201 m, coZ vedlo k obavdm
z moZnosti deformace potrubi, které md garantovanou odolnost vuci
tlaku 160 kg/cm?, coZ priblizné odpovidd tlaku 600 t. UvaZovalo se
0 moznosti vyuZziti mezitlacné stanice, diky které se snizuje tlak vyvo-
zovany na potrubi. Nakonec byl dsek vyraZen s jednou tlacnou stanic{
a nejvetsi namérené tlaky vyvozované na potrubi dosahovaly hodnot
130 kg/cm? (priblizné 500 t), a to ve stani¢eni 190—201 m.

Pazeni téZnich jam bylo navrzeno v horizontdlnich rdmech
z profilovych ty¢i I, s pazenim pazinami UNION 908/3 nebo ze §té-
tovnicovych stén z larsen IlIn. Z divodu silného ovlivnéni stavby pod-
zemni vodou bylo paZeni témér vSech té€Znich jam provedeno ze §té-
tovnicovych stén IIIn. Kromé podzemni vody bylo dal§im velkym pro-
blémem pri vystavbé této trasy sbérace umisténi téZnich jam, které se
nachdzely velmi Casto v bezprostredni blizkosti stavebnich objektu,
zejména gardzi. Proto zde bylo nutné provést zajisténi zdkladu téchto
objektt pomoci injektdzi.

STAVBA 05 — DESTOVA ZDRZ DZ €. 1

Tato zdrz slouzi a v budoucnu bude slouzit k akumulaci destovych
a odpadnich vod a ndsledné k jejich rovnomérnému fizenému
a opozdénému vypousténi do méstské kanalizace. Md tedy za kol
vyresit problematiku nedostate¢né kapacity odvedeni deStovych, povr-
chovych a odpadnich vod stdvajici méstskou kanalizaci z méstské
zastavby, konkrétné nedostate¢nou hydraulickou kapacitu souc¢asnych
sbéracl ,,B“ a ,,G* méstské kanalizace Karvind.

Rozméry zdrze: dl. x § xhl.=245mx 93 m x 5,8 m;
objem 700 m3.

Stavba zapocala koncem dubna roku 2008 zapaZenim pracovni sta-
vebni jamy pomoci larsenovych §tétovnic typu IlIn o délce 12 m.

Prvn{ problémy nastaly pfi beranéni jizni stény DZ €. 1, kde doslo
k naraZeni na ocelové potrubi, které nebylo feSeno projektovou doku-
mentaci. Zhotovitel tedy musel provést vrtnou sondu a indikaci na
vyskyt plynu a nasledné potrubi o priméru 300 mm demontovat. Tento
problém nastal pfi beranéni §tétovych stén a pfi vykopovych pracich
jesté nékolikrat.

Pred zahdjenim paZeni jizni stény DZ €. 1 byla provedena kopand
sonda, kterou bylo zji§téno, Ze zatrubnény Zelezdrensky potok zasahu-
je do prostoru DZ €. 1. Bylo provedeno skute¢né zaméfeni potoka
a nasledné vypracovéna projektova dokumentace. Poté byly zapocaty
prace na paZeni stén stavebn{ jamy, jejich stabilizace pomoci ocelo-
vych prevdzek a provedeni zakotveni previzek pomoci ocelovych ty¢i
TITAN 40/16 a TITAN 52/26 s rozteci 1,6 m technologii Monojet.
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ground is disintegrated by a special head with the outer diameter identical
with the outer diameter of the tubes to be jacked. The disintegrated ground is
washed away by clayey suspension which is forced under pressure to the cut-
terhead space and subsequently is pumped outside the space being excavated
and outside the tunnel.

Reinforced concrete or clay tubes were originally designed for the driving.
Clay tubes DN 1400mm, 2m long were used for the first section between
manholes S2-S3. This 85m long section was driven at an average advance
rate of 8m per day. Because of the problems with supplies of the clay tubes
which had been encountered, the clay tubes were replaced by 3m long
HOBAS DN 1400 glassfibre reinforced plastic tubes. The benefit of these
tubes was, first of all, the low weight, therefore also easier handling.

The excavation ran through gravel or gravel-sand layers, at an average
advance rate of 15m per day; the peak advance rate achieved was 24m per
day. The longest driven section was 201m. This length raised fears that the
tubes with the guaranteed resistance against pressure of 160kg/cm?, corres-
ponding to a pressure of 600t, could be deformed. The use of an intermedia-
te jacking station was considered with the aim of reducing the pressure on the
tubes. Eventually, the section was driven from one jacking station. The hig-
hest measured pressures exerted on the pipeline reached 130 kg/cm? (rough-
ly 500 t), at chainage 190-201m.

Hoisting shafts

The design for the support of hoisting shafts comprised horizontal H-sec-
tion frames with UNION 908/3 lagging or LARSEN IIIn sheetpile walls.
Because of the great effect of ground water on the construction, sheetpile
walls IlIn were used for the support of nearly all hoisting shafts. Apart form
ground water, there was another significant problem encountered during the
construction of this trunk sewer section: the hoisting shafts were often loca-
ted in close proximity of structures, first of all parking garages. Foundations
of such structures had to be stabilised by means of grouting.

CONSTRUCTION LOT 05 - STORMWATER BASIN SRB 1

This basin serves and will serve in the future to accumulate storm water
and sewerage water and, subsequently, discharge it to the sewerage system
with a delay, in an even manner. It is designed to solve the problem of the
insufficient capacity of evacuating storm water, surface water and sewerage
water from the urban setting through the existing municipal sewerage system.
This problem is the result of insufficient hydraulic capacity of existing Trunk
Sewers B and G of the Karvind sewerage system.

Basin dimensions: length x width x depth =24.5m x 9.3m x 5.8m;
volume 700 m3.

The construction work started at the end of April 2008 by installing the
support of the construction pit using 12m long LARSEN IIIn sheet piles.

First problems occurred during the driving of the southern sheet pile wall
of SRB 1, where a steel pipeline was hit. Nobody had known about the pipe-
line and no owner was found. The contractor therefore had to carry out
a borehole, test the pipeline on occurrence of gas and then remove the
300mm diameter pipeline. This problem was several times repeated during
the sheet pile driving and during the excavation.

A trial hole was dug before commencing of the work on the sheet pile wall
on the southern side of SRB 1. It was found that the culverted Zelezarensky

Ing. Petr Szotkowski)
Fig. 4 SO 04 Driving Trunk Sewer C by an ISEKI DN 1400 (Photo courtesy
Ing. Petr Szotkowski)
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Obr. 5 SO 06 Armovini definitivni konstrukce SS 3 (foto Ing. Petr
Szotkowski)

Fig. 5 SO 06 Backdrop manhole SS 3 - placing of reinforcement (Photo cour-
tesy Ing. Petr Szotkowski)

Kotvy byly vrtdny pres ocelové $tétovnice ve dvou vyskovych drov-
nich podle projektové dokumentace a injektovdny pomoci cementové
smési. Pfedepnuti kotev bylo provedeno silou 200 kN. Po tspé§ném
zapaZeni stavebn{ jdmy se musela odt€Zit zemina z vykopu pro samot-
nou konstrukci destové zdrze. Tyto prace taktéZ nebyly lehkym uko-
lem, z davodu velké hloubky a neustdlého pritoku hladiny spodni
vody.

Samotnd konstrukce DZ €. 1 byla provedena z vodostavebniho beto-
nu tiidy C 30/37 XA2 s vdzanou ocelovou vyztuzi. Celd konstrukce
destové zdrZe je chrdnéna pied prusaky spodni vody a agresivnim
G¢inkim podzemni vody nétérem Np a izolaci tvorenou asfaltovanym
modifikovanym pasem. Tlakové a komplexni zkousky uz byly ,,pou-
hou* pomyslnou tfeSinkou na dortu — dopadly presné podle EN a CSN.

STAVBA 06 — KOLEKTOR ALFA

V tseku o délce 424 m muselo byt zhotoveno 7 t€Znich Sachet, které
dosahovaly vzhledem ke spddovym pomérim hloubek az 8 m.
Kanaliza¢ni sbéral se v tomto tseku stavby dostdvd do hloubek 5 az
6 m pod povrch. Kolektor Alfa se nachdzi v méstském parku, podél
a pod hlavni tfidou 17. listopadu, pod ulici PoStovni, ale hlavné
v blizkosti nékolika vyznamnych budov v centru mésta. Z téchto davo-
du byla zvolena bezvykopovd metoda mikrotunelovanim.

Geologické poméry

Z vysledku geologického pruzkumu vyplynulo, Ze Gzemf je situova-
no do soustavy Zapadnich Karpat, na hranici s Ceskym masivem.
Prevlddajicim geologickym prostfedim v trase bezvykopové technolo-
gie budou hrubozrnné $térky silné nasycené podzemni vodou.

Razba pomoci stroje ISEKI TCC Unclemole

Hlavni projektant Hydroprojekt Ostrava rozd¢lil nové budovany
kolektor na Sest ¢dsti, které jsou rozd€leny stavebnimi jamami Sal az
Sa7. Jamy Sal, Sa2, Sa3 a Sa4 byly provadény s piiloznym paZenim
Union, zbylé tfi jamy pomoci paZeni §tétového larsen IIIn.

Po vyhodnoceni prvnich zkuSenosti s prostfedim a na zdkladé moz-
nosti byla zvolena technologie mikrotunelovani pomoci stroje ISEKI
TCC Unclemole. Stroj pracoval s keramickymi rourami typu CreaDig
od firmy Keramo Steinzeug o pruméru DN 1000 mm a vnéj$im
pruméru 1280 mm. Postupy pii mikrotunelovani se pohybovaly mezi

Brook extended to the SRB 1 space. The actual position of the brook was sur-
veyed and a new design was carried out. The subsequently started work com-
prised the installation of the other sheet pile walls, steel walers and anchoring
of the walers by TITAN 40/16 and TITAN 52/26 steel rods, installed at 1.6m
spacing, using the Monojet technology. The drilling for the anchors passed
through the steel sheet piles at two levels, depending on the design. They
were grouted by cementitious grout. The anchor pre-tensioning force was
200kN. When the excavation pit support had been completed, soil had to be
excavated and removed from the pit for the stormwater basin structure itself.
Nor these operations were an easy task owing to the great depth and inces-
sant inflow of ground water.

The SRB 1 structure itself was built in C 30/37 XA2 concrete with tie-up
reinforcement. The whole stormwater basin structure is protected against
ground water seepage and corrosive effects of ground water by a priming
coat and a damp-proof course formed by modified asphalt sheets. Pressure
tests and complex tests became a reward for the builders — their results exact-
ly complied with requirements of European and Czech standards.

CONSTRUCTION LOT 06 — ALFA UTILITY TUNNEL

Seven hoisting shafts had to be provided in the 424m long section.
Because of the longitudinal gradient, the shafts reached depths up to 8m. In
this section, the trunk sewer gets to depths of 5 to 6m under the surface. Alfa
Utility Tunnel is found in an urban park, runs alongside and under 17.
Listopadu Street, under Postovni Street and, first of all, in proximity of seve-
ral important buildings in the centre of the town. For that reason a trenchless
excavation method was selected, the microtunnelling.

Geological conditions

It followed from the results of the geological survey that the area is situa-
ted in the Western Carpathians mountain system, on the border with the
Czech Massif. Coarse-grained gravels, heavily saturated with ground water,
will form the prevailing geological environment along the trenchless excava-
tion route.

Driving by means of an ISEKI TCC Unclemole

The main consulting engineer, Hydroprojekt Ostrava, divided the newly
built utility tunnel into six sections. Construction pits_ Sal through Sa7 form
the borders between the sections. Construction pits Sal, Sa2, Sa3 and Sa4
were braced by UNION sheeting, while LARSEN IlIn sheet piles were used
at the remaining three pits.

When the assessment of the first experiences with the environment had
been finished, and on the basis of the options, the microtunnelling technique
using an ISEKI TCC Unclemole machine was chosen. The machine worked
with DN 1000mm CreaDig ceramic pipes (manufactured by Keramo
Steinzeug) with the outer diameter of 1280mm. The microtunnelling advan-
ce rates varied between 6m and 14m per 24 hours. All of the above-mentio-
ned sections were completed within accuracy on line of +/- 20mm,which
was sufficient in terms of the quality required.

When the microtunnelled section had been completed, the work on final
structures of the future inspection manholes started. The sewerage in this sec-
tion is already fully functional and the park around 17. Listopadu Street is
operating normally, as it had been before the beginning of the construction.

CONSTRUCTION LOT 07 — TRIMMING OF THE OLSINY
BROOK ALONGSIDE SVATOLPLUKA CECHA STREET

The construction comprised trimming and stabilisation of the OlSany lead
canal within the section running along Svatopluka Cecha Street and alongsi-
de the national road between Karvind and Bohumin and Staroméstskd and
Ol8iny Streets. The terrain configuration was very unfavourable in the area of
operations because of the fact that the surface is very flat, smooth, with mini-
mum inclination. The area of operations was interrupted by artificial obstac-
les, such as road embankments, which prevented free outflow of surface
water, first of all during higher water level states and floods.

CONSTRUCTION LOT 08 - TRUNK SEWER C, PART 2,
SECTION A

The construction is found in Karvind-Mizerov location; the prevailing part
is located in Dubina forest park, running along a local stream.

The construction work on the new sewerage network started in January
2008 by excavating the tunnel for the Trunk Sewer C, Part 2, Section A. This
structure was divided into 4 independent parts, of which the structure SO 04
between hoisting shafts TS 25 — TS 30 is built by VOKD, a. s. This section
is located in Dubina forest park, in close proximity of the Frystacky Brook.
The driving of this 345m long section was completed at the beginning of
August; the advance rate reached 3.0m per day. The driving was carried out
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6 a 14 m za 24 hodin. VSechny vySe popsané tseky byly provedeny
s presnosti +/- 20 mm na niveleté, cozZ je dostaujici v poZadované
kvalité.

Po dokon&eni mikrotunelovaci ¢asti bylo pristoupeno k budovani
definitivnich konstrukci budoucich reviznich Sachet. Kanalizace
v tomto tseku je jiZ pIné funk&ni a v parku okolo tfidy 17. listopadu je
jiz normdlni provoz jako pred zahdjenim stavby.

STAVBA 07 — UPRAVA OLSINSKEHO POTOKA
PODEL UL. SVATOPLUKA CECHA

Stavba se zabyvala tipravou a stabilizaci koryta OlSanského ndhonu
v tseku vedeném podél ul. Svatopluka Cecha a podél st. silnice
Karvind — Bohumin a ul. Staroméstskd a ul. Olsiny. Konfigurace teré-
nu byla v zdjmovém dzem{ velmi nepriznivd, jelikoZ se jednd o tzemi
velmi ploché, rovinné s minimdlnimi spady. Zajmové tzemi bylo pre-
ruSovdno umélymi prekdzkami, jako jsou ndsypy silni¢nich komuni-
kaci, které zabraniovaly volnému odtoku povrchovych vod zejména pri

s

vys$ich vodnich stavech a povodnich.

STAVBA 08 — KANALIZACNI SBERAC ,C“, CAST 2, USEK A

Stavba se nachdzi v lokalité Karvind-Mizerov a jeji prevaznd Cdst je
umisténa v lesoparku Dubina — podél mistni vodotece.

V lednu 2008 byly zahdjeny prace na budovéni nové kanalizadni sité,
a to zahdjenim raZeb Kanalizaniho sbérace ,,C*, ¢ast 2, tisek A. Tento
objekt je rozdélen na 4 samostatné Casti, z toho SO 04 mezi téZnimi
Sachtami TS 25 — TS 30 provadi firma VOKD, a. s. Tento tisek je situ-
ovén do oblasti lesoparku Dubina, v tésné blizkosti Frystackého poto-
ka. Hotovy vyraZeny tsek v celkové délce 345 m byl doraZen zacdtkem
meésice srpna s dennfm postupem razby 3,0 m. Razba byla provddéna
nemechanizovanym razicim $titem RS 2,56 o priméru 2560 mm. Na
trase bylo vyhloubeno celkem 6 pomocnych t&Znich Sachet § 25-S 30.
Hloubeni té€Znich Sachet nemohlo byt provddéno soucasné s razbou
Stoly z duvodu pouziti $tétového paZeni — z méfeni vlivu vibraci na
Celbu dila bylo zdvodnim stavby rozhodnuto, Ze prace na raZen{ §titové
$toly budou pokratovat a7 po vyhloubeni a vystrojeni TS.

Price byly zahdjeny hloubenim startovaci $achty TS 27 na ulici
Mizerovskd. Vzhledem k predpoklddané zvySené hladiné spodni vody
bylo pristoupeno ke zméné paZeni t€Znich Sachet pomoci paZnic
UNION na paZeni pomoci §tétovnic larsen IIIn. Tato zména nakonec
prinesla nejen rychlej$i provedeni téZnich Sachet, ale i bezproblémové
dodrzovani bezpe&nosti prace z davodu velkych pritoka spodni vody.

Geologické poméry

Z vysledku geologickych prazkumi vyplynulo, Ze razba bude reali-
zovédna v obtiZnych inZenyrskogeologickych a hydrogeologickych
podminkéch vétSinou v souvrstvi glacifluvidlnich a neogennich sedi-
mentu, tvofenych soudrznymi prachovitymi a pis€itymi jily,
s piscitymi vloZkami. Profil Stitu prochdzel z velké Cdsti trasy ve vrst-
véch stabilnich jili, misty se objevily pis¢ité nebo §térkové vrstvy.
Technické ieSeni

Ze startovaci Sachty TS 27 se zapocalo s razbou §titové Stoly pro
budouci sbéra¢ ve sméru k Sachtici TS 28 pomoci raziciho §titu ING
75 — RS 2,56 m. Razba byla provddéna v nepfetrzitém provoze
z davodu bezpednosti prace a zkraceni ¢asu dokoncenf razicich praci.
Pri razbé pomoci §titu byl denni postup razby 3,0 m a zdroven bylo
zabudovdno 36 ks betonovych segmentovych dilu tybinku (klendka) —
osténi Sachetni $toly. Pfi postupu Celby 3 m za den bylo vytéZeno
a odvezeno na fizenou sklddku 48 t zeminy a horniny. Pfi razb¢ §toly
pomoci Stitu se pracovnici potykali dost Casto s geologickymi poru-
chami, které zpusobovaly zejména tekuté Stérkopisky a vyrony spod-
nich vod takika po celém obvodu &elby. Z davodu velkého mnoZstvi
prusaku spodnich vod byly projektantem navrZeny injektdzni prace.
Kazdych 20 vyrazenych metrd se podle technologického postupu
injektovala cementovd a chemickd smés.

Délky jednotlivych dseku:

TS 25 =TS 26 ocoooooreeeeeerveeeeeveeeevevseeseesseesssnenessmsnsnnsnsnnnns 470 m
TS 26 = TS 27 oo s eresereesaees 89,0 m
TS 27 =TS 28 oo eeeen 710 m
TS 28 =TS 29 ..

TS 29 = T& 30 oo 675m

Dalsim problémem pfi raZeni v menSich hloubkdch v prostoru
kolem TS 29, TS 27 a pozdé&ji TS 26 a TS 25 byly koreny listnatych
stromu. V nékterych dsecich v razbé branily velké balvany, které
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Obr. 6 SO 08 Pohled do vyraZeného kanalizaéniho sbérace ,,C* pomoci $titu
ING (foto Ing. Adam Lubojacky)

Fig. 6 SO 08 View down Trunk Sewer C, driven by an ING shield (Photo
courtesy Ing. Adam Lubojacky)

using a 2560mm diameter non-mechanised shield RS 2.56. A total of 6 inter-
mediate hoisting shafts, S 25-S 30, were sunk on the route. The hoisting shafts
sinking operations could not be carried out simultaneously with driving the
tunnel because of the use of the sheet piling support. Contractor’s manager
decided, on the basis of results of measurements of the impact of vibrations on
the excavation face, that the shield driving would continue only when the hois-
ting shaft excavation and installation of the support was completed.

The operations started by sinking of launching shaft TS 27 in Mizerovskd
Street. The bracing of hoisting shafts by UNION sheet piles was changed,
with respect to the anticipated increased ground water level, to LARSEN IlIn
sheet pile bracing. This change eventually resulted not only in quicker sin-
king of the hoisting shafts but also in trouble free complying with safety rules
when large groundwater inflows were being encountered.

Geological conditions

It followed from results of geological surveys that the excavation would
pass through difficult engineering geological and hydrogeological conditi-
ons, consisting mostly of series of strata of glaciofluvial and Neogene sedi-
ments formed by cohesive, silty and sandy clays with sandy interbeds. The
tunnel profile passed through layers of stable clays along the majority of the
route length; sandy or gravelly layers were locally encountered.

Technical solution

The shield driving of the tunnel for the future trunk sewer started from TS
27 launching shaft in the direction of TS 28 shaft, using an ING 75 — RS
2.56 m shield. The excavation was carried out in a continuous operation for
the reasons of safety at work and reducing the excavation work time. The shi-
eld driving rate reached 3.0m per day, with 36 concrete lining segments
installed. About 48 ton of the muck were excavated and transported to
a controlled landfill at the daily advance rate of 3m. During the course of dri-
ving the tunnel, the mining crews had relatively frequently to cope with geo-
logical failures caused mainly by running gravel-sands and ground water stri-
king from nearly entire face circumference. Because of the great number of
leaks, the designer proposed injecting grout into the ground mass. According
to the technological procedure, cementitious and chemical grout was injected
every 20 metres of the excavation.

Lengths of individual sections:

TS 25 = TS 26 oot e e eeeeeereeeeeeeseees
TS 26 = TS 27 ettt eeereseeeseeneees
TS 27 - TS 28.....
TS 28 — TS 29 oot se s e e
TS 29 — TS B0 oo eeee et seeeeeeeeeeeeeenae

Another problem encountered during the course of the excavation at smal-
ler depths in the area of TS 29, TS 27 and later TS 26 and TS 25 were roots
of leafy trees. In some sections big boulders prevented the excavation. The
crews had to remove them manually with pneumatic hammers to make the
continuation of the shield driving possible.
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Obr. 7 SO 09 Tlacna stanice protlaku — HOBAS DN 300 (foto Ing. Alois
Kvetiik)

Fig. 7 SO 09 Thrust-jacking station - DN 300 HOBAS pipes (Photo courtesy
Ing. Alois Kvétiik)

museli pracovnfci ru¢né pomoci vzduchovych kladiv odstranit, aby
bylo moZno razicim $titem pokraCovat v razbé Stoly.

Po ukonCeni razby z TS 27 do TS 30 se pokraovalo v razbé z TS
27 po spadu k TS 26. Vzhledem k vétsim spadiim byla navrzena spa-
distové Sachta TS 26, takZe po vyjeti z horn{ &dsti TS 26 musel byt
razic{ Stit prevezen na TS 25.7 této t&Zni Sachty TS 25 se znovu pokra-
Covalo v razbé smérem k TS 26, ale jiz dovrchné.

Po ukonceni razby S§titové Stoly bylo pristoupeno k samotnému
vystrojovani Stoly pomoci kanaliza¢nich rour PE-HD/PP DN 1400
UPOROL o jednotlivych délkdch 6 m. Po popusténi potiebnych kusa
téchto rour a jejich rozmisténi ve §toldch se dnem upravenym betono-
vym potérem musely jednotlivé roury mezi sebou propojit a zaaretovat
pomoci ocelovych rozpinek — jezka. Po provedené prohlidce spravcem
stavby se provadélo zaslepeni obou koncu potrubi a zazdéni mezikru-
Z{ plnymi pédlenymi cihlami. Po zaslepeni bylo provedeno zaplaveni
potrubi vodou do 1/3 vysky potrubi. Mezikruzi bylo poté vyplnéno
pomoci cementopopilkové smési CPS 2. Zalévani mezikruZzi bylo pro-
vadéno celkem na 4 udrovne, vZdy s pracovni prestivkou 2 dny — do
zavadnuti pfedchozi vrstvy. Na konci vSech praci byly provedeny
betondZze monolitickych konstrukcich definitivnich Sachet a zdsypové
préce jiz hotovych definitivnich Sachet.

Dalsi ¢asti Kanaliza¢niho sbérace C, Césti 2, dseku A byly provadé-
ny jak stejnou technologif pracf jako ¢dst ¢. 4 mezi $§25-S§ 30, tj.
razba §titem a v ostatnich &astech mezi SS 15-SS 17 a SS 30-SS 81
byla kanalizace provedena v otevieném vykopu.

STAVBA 09 — KANALIZACE KARVINA - RAJ

Hlavm’ osa stavby je da’ma osou stokové sit¢ X a IX. Stavba byla pro-
Sachty na stoce X (stdvajici) postupné proti spadu stoky a na stoce IX
také od nejniz8i Sachty proti spddu stoky. Celkova délka uloZeného
kanaliza¢niho potrubi v oblasti Karvind Rdj je 4925,38 m v profilech
DN 250 mm (materidl PP UR2) a DN 300 mm (material kamenina,
resp. PP UR2). V predmétné trase bylo na splaskové kanalizaci hlav-
niho fadu vystrojeno 133 Sachet DN 1000 mm a 17 Sachet DN
400 mm. Na odbockdch bylo vystrojeno celkem 117 Sachet DN
400 mm. Celkovy pocet kanalizacnich Sachet je tedy 191.

MikrotuneldZ na stoce X byla realizovana od Sachty $5 a7 po $ach-
tu S17 v celkové délce 524,77 m s uZitim kamenmy DN 300 mm.
Geologické poméry byly v oblasti Rdje pfiznivéjs§i néZ v oblasti
Darkov. Pfimé podloZi tvori miocenni spodnobadenské jily. Jsou to
prevdzn¢ Sedé, vdpnité jily, diageneticky aZ zpevnéné jilovce
s prevdzné tenkymi laminami a ¢ofkami jemnozrnnych piska.
Kvartérni pokryv tvori glacialkustrinni sedimenty (sedimenty docas-
nych jezer, jez se vytvorila pred Cely ledovce), jemnozrnné, soudrzné
zeminy povahy hlin a jili. Uvedené geologické poméry byly pro mik-
rotuneldZz vyhodné a po dobu razby — zatliCeni nebyly shleddny pro-
blémy, které by znemozZnily ¢i omezily technologickou a pracovni ¢in-
nost. Rovnéz pri hloubeni startovacich Sachet nebyly registrovany pro-
blémy, jako tomu bylo na stavbé ¢. 10 — Darkov.

STAVBA 10 — KANALIZACE DARKOV

Stavba je opét stavbou liniovou a postup vystavby probihal od nej-
niz§tho mista, kterym je Cerpaci stanice postupné proti spadu stoky.

Wheg the excavation from TS 27 to TS 3Q had been finished, it contigued
from TS 27, on a down gradient, toward TS 26. Backdrop manhole TS 26
was designed taking into consideration the rather steep gradients. For that
reason, when the shield had driven out of the upper part of TS 26, it had to
be transported to TS 25. From this shaft it started the excavation again toward
TS 26, this time inclined upwards.

The installation of 6m long PE-HD/PP DN 1400 UPOROL sewerage
pipes commenced when the shield driving of the tunnel had been finished.
When the lowering of required pipes and placing them on the tunnel bottom,
provided with concrete screed, had been finished, individual pipes had to be
joined together and locked in position by means of steel struts. Both ends of
the pipeline were blinded after an inspection by the construction service engi-
neer and the annulus between the pipe and the inner surface of the tunnel was
bricked up with solid, burnt bricks. After the blinding, the pipeline was inun-
dated up to 1/3 of its diameter. Then the annulus was backfilled by CPS 2 cin-
der concrete. The annulus backfilling process was divided into 4 stages, with
2-day working breaks — until the previous layer gained some strength. At the
end of all operations, the cast-in-situ structures of the definite shafts were car-
ried out and the completed definite shafts were backfilled.

Other parts of Trunk Sewer C, Part 2, Section A were built using the same
technique as that applied to Part 4 between $§25-8830,i €. shield driving.
The other parts of the sewerage between SS 15-SS 17 and SS 30-SS 81 were
carried out by the cut-and-cover method.

CONSTRUCTION LOT 09 - KARVINA RAJ SEWERAGE

The main axis of the system is determined by the axis of sewerage network
X and IX. This linear construction was carried out in a sequence starting from
the lowest shaft on Trunk Sewer X (the existing sewer), proceeding upstre-
am; Trunk Sewer IX was also constructed upstream from the lowest shaft.
The total length of the pipeline installed in the area of Karvind Rédj is
4925.38m; profiles DN 250mm (PU UR2 material) and DN 300mm (stone-
ware or PP UR2) were used. The total of 133 manholes DN 1000mm and 17
manholes DN 400mm were built on the trunk sewer route in question, while
41 manholes DN 400mm were built on branch lines. The total number of
sewerage manholes therefore reached 191.

The microtunnelling technique was applied to Trunk Sewer X from man-
hole S5 to manhole $17, at the total length of 524.77m, using stoneware pipes
DN 300mm. Geological conditions in the Rdj area were more favourable
then they were in the Darkov area. The immediate sub-base is formed by the
Miocene lower Badenian Clays. They are mostly grey, calcareous clays up to
solidified mudstone with mostly thin laminas and lenses of fine-grained
sands. The Quaternary cover is consisted of glaciolacustrine sediments (evol-
ved in temporary lakes which developed before front ends of glaciers), fine-
grained, cohesive soils of the character of loams and clays. The above-men-
tioned geological conditions were suitable for the microtunnelling. No pro-
blems rendering the technological and working activities impossible or
restricted were encountered during the excavation and pipe jacking. No pro-
blems similar to the problems experienced in construction lot 10 — Darkov
were even encountered during the sinking of the launching shafts.

CONSTRUCTION LOT 10 — DARKOV SEWERAGE

Again, the construction is of the linear type, the construction sequence
started from the lowest point, i.e. from the pumping station, step by step upst-
ream. The main axis of the system is determined by the axis of Trunk Sewer
A. It passes under Ldzefiskd Street roadway, from manhole S1 to manhole
§22, at the total length of 784.71m. Stoneware pipes DN 400mm were jac-
ked into the tunnel from the pumping station (PS) up to manhole S11, at the
total length of 387.93m; stoneware pipes DN 300mm at the total length of
276.18m were jacked in the S11-S19 section and UR 2 DN 300mm (Ultra
Rib 2) pipes were placed in the trench between manholes $19-S22. There are
22 inspection manholes on the trunk sewer route. Six branch lines (Al
through A6) at the total length of 800.99m were gradually connected from
side streets, using DN250 — DN400mm pipes (stoneware pipes DN 300 and
DN 400mm and UR 2 pipes DN 250mm). There were 22 inspection manho-
les installed on individual branch lines.

The structure SO 02 comprised 452.73m of UR 2 DN 200mm pipes pla-
ced in trenches for individual branch lines and 82 inspection manholes DN
400mm built on the pipelines.

In total, 2038.43m of sewage pipes were installed and 126 inspection man-
holes were built in the Karvind-Darkov location.

Technical solution and the course of the construction works
From manhole S1, the pipes were installed using the ISEKI microtunnel-
ling method, jacking DN 400mm stoneware pipes. The ISEKT equipment was

step by step lowered into individual launching shafts, which were provided at
about 35-40m intervals. The launching shafts were, with respect to the dense
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Hlavn{ osa stavby je déna osou stoky A a prochdzi pod komunikac{
ulice Ldzeriskd od Sachty $1 po Sachtu $22 v celkové délce 784,71 m.
0d &erpaci stanice (CS) po $achtu S11 bylo mikrotuneldzi vtlateno
kameninové potrubi DN 400 mm v délce 387,93 m, v tseku $11-S19
bylo vtlaceno kameninové potrubi DN 300 mm v délce 276,18 m
a v tiseku $19-822 bylo do vykopu uloZeno potrubi UR 2 DN 300 mm
(Ultra Rib 2). V pdterfni kanalizaci je umistnéno 22 reviznich Sachtic.
V prabéhu liniové stavby bylo z jednotlivych boénich ulic postupné
napojeno 6 kanalizacnich odbocek A1 az A6 v celkové délce 800,99 m
v pruméru potrubi DN250 — DN400 mm v materidlu kamenina
(DN300a DN400) a UR 2 (DN250 mm). Na jednotlivych odbockach
pak bylo zhotoveno 22 reviznich Sachet.

V ramci stavebniho objektu SO 02 bylo v jednotlivych odbockéach
uloZeno do vykopu 452,73 m potrubi UR 2 DN 200 mm a zhotoveno
82 ks reviznich Sachet DN 400 mm.

Celkové pak bylo v lokalité Karvina-Darkov uloZeno 2038,43 m
kanaliza¢niho potrubi a vystrojeno 126 ks reviznich Sachet.

Technické FeSeni a priibéh stavby

Od Sachty S1 bylo potrubi ukladdno mikrotunelaZi metodou ISEKI
se zatlaenim potrubi kamenivo v profilu DN 400 mm. Technologie
strojniho zafizeni ISEKI byla postupné ukldddna do jednotlivych star-
tovacich jam vzdalenych od sebe cca 35-40 m. Startovaci jamy byly
vzhledem k husté méstské zdstavbe hloubeny klasicky s mechanickym
rozpojovanim zemin, nakldddnim bagry a s rdmovou vyztuzi
s hnanymi paznicemi UNION. JiZ pfi vlastnim hloubeni byla ovéfena
slozitd geologie fluvidlnich a glacigennich sedimentd feky OlSe
v kombinaci s nadmérnym piitokem spodnich vod a jejich kolisajici
hladinou. Byly zastiZeny fluvidlni jemnozrnné zeminy, pisCité zeminy,
Stérkové zeminy a submarinni (podmorské) jily. Pokryvny ttvar pak
tvofi v rdmci ddolni nivy propustné fluvidlni $térky, resp. pisky
v mocnosti cca 4 m. Z geologického vyvoje je zfejmd problematika
vlastniho hloubeni s ohledem na mnoZstvi ¢erpanych spodnich vod,
a tim vznikajici naslednd sufoze v okoli hloubenych Sachet, coz melo
za pric¢inu zménu predpoklddaného koeficientu tfeni privodnich zemin
na vyztuz. V prubéhu hloubeni se tak projevovaly ndznaky moZné
deformace vyztuze. JelikoZ se vSak jednalo o relativné mélké Sachty,
uvedené vlivy nemély zdsadn{ vliv na postup praci.

Zcela zdsadni problematiku bylo nutno fesit pfi vlastni mikrotuneld-
i, kdy razici hlava Casto narazila na cizorody material v podob¢ pre-
devsim velkych valount, jejichz prochdzeni ¢i odtlateni mélo za
nésledek vychyleni tlatné hlavice z predpoklddaného sméru, a tim
i vychyleni celého kanaliza¢niho fadu. Jinym problémem z hlediska
technologie mikrotuneldZe byla pfitomnost dfevité hmoty at’ jiZ rost-
linného pavodu (kmeny, kofeny apod.), nebo se jednalo o dfevo sta-
vebni z byvalych vodnich staveb. Pfitomnost dfeva zna¢né ovlivnila
pruchod a smér razictho orgdnu. V poméru k rozsahu stavby dochaze-
lo k uvedenym kolizim pomérné Casto. Znand vychyleni raziciho
orgdnu ze sméru, ucpani vyplachového systému nebo poruchy razici
hlavy mély za nédsledek nutnost odkopdn{ havarovaného tla¢ného orga-
nu v misté kolize s nutnosti vyhloubeni nové startovaci jamy. Oprava
poskozeného zafizeni ve vztahu k dodacim lhutdm byla pro stavbu
zatéZzujici a uvedené skute¢nosti znacné zatéZovaly ekonomiku stavby
a dochézelo k terminovym skluzim.

Na zédkladé vySe uvedenych skute¢nosti po projednéni s generdlnim
projektantem, spravcem stavby a objednatelem pristoupil zhotovitel ke
zméné technologie z metody ISEKI na metodu zatld¢eni pomoci per-
fordtoru PBA 150 v priméru DN 300 mm. Zakladem této metody fize-
ného protlaku je pilotn{ vrt, ktery je navadén pomoci laseru s presnosti
1%o. Tento pilotni predvrt o pruméru naradi DN 100 mm byl zhotoven
ze startovaci jdmy aZ do jamy koncové. Poté bylo do predvrtu nasaze-
no vrtaci naradi protlaku s vypaznici a predvrt byl rozsifen na konec-
ny poZadovany primér DN 300 mm. Tato metoda se ukédzala byt nej-
vhodnéjsi v danych geologickych podminkdch, jelikoZ jsou tyto speci-
aln{ vrtné hlavy schopny provedeni protlaki i v zeminé t. 5 a je zde
moznost zatlatovani raznych druht kanaliza¢nich trub.

ZAVER
V soucasné dobé je nové vybudovand kanalizan{ sit' mésta Karvind

po zévére¢nych funk&nich zkouskdch a muZe byt uvedena do plného
provozu. Funkéni zk0u§ky se provédély po dﬂél’ch Castech stavby
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Obr. 8 SO 10 Tlaéna stanice protlaku — Kamenina DN 400 (foto Ing. Alois Kvetiik)
Fig. 8 SO 10 Thrust-jacking station — DN 400 stoneware pipes (Photo
courtesy Ing. Alois Kvétiik)

urban development, sunk classically, with mechanical disintegration of
ground, loading by excavators and the excavation support consisting of steel
frames and UNION sheet pile forepoles. The difficult geology consisting of
fluvial and glaciogenic sediments of the Ol3e River, combined with excessive
inflows of ground water and the fluctuating water table level, was encounte-
red from the very beginning, during the excavation itself. The excavation pas-
sed through fluvial, fine-grained soils, sandy soils, gravelly soils and subma-
rine clays. The cover within the flood plain is formed by about 4m thick lay-
ers of permeable, fluvial gravels or sands. The shaft sinking problems are
obvious if we take into consideration the geological sequence, resulting in the
great volumes of ground water which had to be pumped, with the consequen-
ce of the piping phenomenon developing in the surroundings of the shafts
being sunk. The piping resulted in a change in the anticipated coefficient of
friction between the ground and the shaft lining. Indications of possible defor-
mations of the lining appeared during the shaft sinking operations.
Nevertheless, because the shafts were relatively shallow, the above-mentioned
effects did not significantly influence the works progress.

Absolutely crucial problems had to be solved during the microtunnelling
itself, where the cutterhead frequently hit a foreign matter, mainly in the form
of large boulders. Passing through the boulders or pushing them aside resul-
ted in the deviation of the cutterhead from the required direction. Thus the
entire sewer deviated from the designed alignment. Another problem, from the
aspect of microtunnelling technology, was the presence of wood matters, no
matter whether of vegetable origin (tree trunks, roots etc.) or timber from past
hydraulic works. The presence of wood significantly affected the passage and
direction of the cutterhead. In proportion to the extent of the construction, the
above-mentioned collisions occurred relatively very frequently. Considerable
deviations of the cutterhead from the direction, plugging of the flushing sys-
tem or the cutterhead defects resulted in the necessity for digging the shield
out in a collision location and sinking a new launching shaft. Repairs of the
damaged equipment were very burdensome for the construction as far as con-
tract deadlines are concerned. The above-mentioned facts seriously weighed
on the construction economics and caused delays to deadlines.

Taking into consideration the above-mentioned facts, after discussions with
the general designer, the service engineer and the client, the contractor agreed
that the ISEKI technique would be replaced by a pipe jacking technique using
a DN 300mm diameter PBA 150 perforator. The fundamental element of this
controlled jacking technique is a pilot borehole, which is guided by a laser to
an accuracy of 1%o. This pilot pre-bore, carried out with a DN 100mm tool,
was drilled from the launching shaft up to the receiving shaft. Then the rea-
ming equipment with a casing was installed in the pre-bore and the pre-bore
diameter was increased to the required final diameter of DN 300mm. This
method proved to be the most suitable for the given geology because the spe-
cial cutterheads were capable of jacking of pipes even through ground class 5
and it was possible to jack various types of sewerage pipes.

CONCLUSION

As of today, the newly built sewerage network in the town of Karvina has
passed functional tests and can be brought into full service. The functional
tests were carried out in individual parts of the construction. They were the
most difficult stage of the entire Karvind Sewerage construction.

ING. ADAM LUBOJACKY, lubojacky@vokd.cz,
ING. PETR SZOTKOWSKI, VOKD, a. s.,
ING.ALOIS KVETAK, VOD-KA, s. r. 0.
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HYPOPLASTICKY A MOHR-COULOMBUV MODEL
PRI SIMULACI TUNELU V JILECH
HYPOPLASTIC AND MOHR-COULOMB MODELS
IN SIMULATIONS OF A TUNNEL IN CLAY

TOMAS SVOBODA, DAVID MASIN, JAN BOHAC

1. OvOD

Predpovédi seddni zpusobené razbou tunell v jemnozrnnych zemi-
néch jsou v ramei Ceské republiky i v mezindrodnim méfitku aktudl-
nim tématem geotechnickych studii. Obsahem predklddaného ¢ldnku
je reSerSe soucasnych znalosti ohledné simulace tunelu v jem-
nozrnnych zemindch a jejich demonstrovani na prikladu simulac{
Krélovopolskych tunelt v Brné, které jsou v soucasné dobé raZeny.

V reSer$ni asti se shrnuji vlivy nékolika nejdulezitéjsich faktoru
ovliviyjicich vysledky simulaci NRTM tunelt, mezi néZ patii neline-
arita tuhosti a vysokd pocdtecni tuhost materidlu, anizotropie
a hodnota soucinitele zemniho tlaku v klidu K. V praktické ¢dsti pris-
pévku jsou srovndny predpovédi Kralovopolskych tunelt s vyuZitim
dvou raznych konstitu¢nich modeld, standardniho Mohr-Coulombova
modelu a pokrocilého nelinedrniho hypoplastického konstitu¢niho
modelu. Analyza byla provedena v nasledujicich krocich: (1) kalibra-
ce konstitu¢nich modelt na data z laboratornich experiment na brnén-
ském jilu; (2) simulace chovéni pruzkumné $toly; (3) optimalizace
sady parametru zpétnou analyzou pruzkumné 3toly, za Gcelem elimi-
nace méfitkového efektu, vstupujictho do kalibrace konstitu¢nich
modeld; (4) pfedpovéd chovani profilu tunelu s optimalizovanymi
parametry.

Predpovédi pomoci Mohr-Coulombova modelu byly vytvoreny
vyhradné pro tcely tohoto ¢lanku. Autofi upozornuji, Ze v ¢ldnku je
vyuzit Mohr-Coulombiv model v jeho zdkladni podobé. Vyuziti
pokrocilejsich verzi tohoto modelu, které zahrnuji vliv drah napéti
a velikosti pretvoreni na predpovidané napéto-deformacni vlastnosti
horninového masivu by vedlo k vyraznému zlepSeni predpovédi.
Takovato pokrocild verze Mohr-Coulombova modelu byla vyuzita
v analyzach Krdlovopolskych tunelt provddénych jeho projektanty.

1.1 Nelinearita pfi velmi malych pietvoienich
a vysoka podatecni tuhost

Vyvoj laboratornich metod pro zkoumdni mechanického chovani
zemin, ktery probehl v osmdesétych a devadesatych letech minulého
stoleti (napf. Jardine et al., 1984), umoznil dukladnéjsi studium cho-
véni zemin v oboru malych (0,001 % — 0,1 %) a velmi malych (méné
nez 0,001 %) pretvoreni. Prokdzalo se, Ze zemina se chova elasticky
pouze v oboru velmi malych pretvoreni a v oboru malych pretvoreni
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Obr. 1 Typickd zdvislost smykové tuhosti na pretvoreni (Viggiani a Atkinson, 1995)
Fig. 1 Typical dependence of shear stiffness on deformation (Viggiani & Atkin-
son, 1995)

1. INTRODUCTION

Predictions of settlement induced by driving tunnels through fine-
grained soils are a current topic of geotechnical studies both in the
Czech Republic and on an international scale. The paper presented to
readers deals with a review of current knowledge regarding simulati-
ons of tunnels in fine-grained soils and demonstrates them on the
example of simulations for the Krdlovo Pole tunnels in Brno, which
are currently being driven.

The part dealing with the information research contains a summary
of effects of several most important factors influencing results of simu-
lations of NATM tunnels; nonlinearity of stiftness and high initial stiff-
ness of the material, anisotropy and the value of the coefficient of earth
pressure at rest K, belong among them. The practical part of the paper
compares predictions for the Krdlovo Pole tunnels using two different
constitutive models: the standard Mohr-Coulomb model and an advan-
ced nonlinear hypoplastic constitutive model. The analysis was carri-
ed out in the following steps: (1) calibration of constitutive models to
the data obtained from laboratory experiments on the Brno Clay; (2)
simulation of the exploratory gallery behaviour; (3) optimisation of the
set of parameters by means of a back analysis of the exploratory gal-
lery with the aim of eliminating the scale effect, which enters the pro-
cess of the constitutive models calibration; (4) predictions of the beha-
viour of the tunnel using optimised parameters.

The predictions by means of the Mohr-Coulomb model were deve-
loped solely for the purpose of this paper. The authors call attention to
the fact that the Mohr-Coulomb model in its basic form has been used
in the paper. The application of more advanced versions of this model,
which incorporate the influence of stress paths and magnitudes of
deformations on stress-strain properties of the rock mass, would lead
to a significant improvement of predictions. Such an advanced version
of the Mohr-Coulomb model was used in the analyses of the Krdlovo
Pole tunnels which were conducted by the tunnel designers.

1.1 Nonlinearity at very small deformations
and high initial stiffness

The development of laboratory methods for examining mechanical
behaviour of soils, which took place in the 1980s and 1990s (e.g. Jardine
et al., 1984), made more thorough studies of the behaviour of soils wit-
hin the range of small strains (0,001 % - 0,1 %) and very small strains
(less than 0,001 %) possible. It was proved that soil behaves elastically
only within the range of very small strains, while stiffness significantly
nonlinearly decreases within the range of small strains. A typical depen-
dence of stiffness on deformation is presented on Figure 1. The elastic
shear modulus within the range of very small strains can be measured
through the propagation of shear waves, for example by means of bender
elements (Viggiani & Atkinson, 1995). For the measurement of stiffness
within the range of small strains it is necessaryto use local deformation
gauges (e.g. LVDT gauges), which are attached directly to a soil sample.

Despite the fact that marked nonlinearity of soil behaviour is today
considered to be clearly proved, it is mostly not taken into account in
geotechnical simulations carried out in a standard way. The reason is
that constitutive models in common use for soils (such as the Mohr-
Coulomb model or the Cam-clay model) predict linear dependence of
stress on deformation (i.e. a constant elastic modulus) within the range
of small deformations, while more advanced constitutive models have
not been sufficiently used yet in the geotechnical practice.
Comparisons of predictions of tunnelling problems by means of linear
and nonlinear models within the range of very small deformations has

been presented in several papers, available in literature.



se tuhost vyrazné nelinedrné sniZuje. Typickou zavislost tuhosti na pre-
tvofeni ukazuje obr. 1. Elasticky smykovy modul v oboru velmi
malych pfetvoreni muZe byt méfen pomoci propagace smykovych vin,
napr. tzv. ,.bender elementy* (Viggiani a Atkinson, 1995). Pro méfeni
tuhosti v oboru malych pretvorfeni je pak nutno vyuZivat lokdlni sni-
mace deformace (napf. LVDT snimace) pfipevnéné piimo na vzorek
zeminy.

PrestoZe je vyrazna nelinearita chovani zemin dnes povaZovana za
jasné prokdzanou, neni vétSinou uvazovédna ve standardné provadé-
nych geotechnickych simulacich. Je to z toho divodu, Ze béZné vyuZzi-
vané konstitu¢ni modely pro zeminy (jako Mohr-Coulombuv model &i
Cam model jilu) predpovidaji v oboru malych pretvoreni linedrni
zavislost napéti na pretvoreni (tedy konstantni elasticky modul)
a pokrocilejsi konstitu¢ni modely stdle nejsou v geotechnické praxi
dostate¢né vyuZzivany. Srovnéani predpovédi tunelovych probléma
pomoci linedrnich a nelinedrnich modeld v oboru velmi malych pre-

Addenbrooke a kol. (1997) provedli 2D MKP analyzy tunelu
v londynském jilu s Kj=1,5 s vyuzitim linedrné a nelinedrné elastického,
idedlné plastického modelu. Nelinearné elasticky model predikoval
z4vislost tuhosti na pretvoreni v oboru malych a velmi malych pretvore-
ni. Nelinedrni model, kalibrovany tak, aby vystihl pokles tuhosti zmére-
né snimaci LVDT, poskytl kvalitnéjsi vysledky ve srovndni s modelem
linedrnim. Linedrni model vyrazné nadhodnocoval §itku poklesové kot-
liny a podhodnocoval velikost deformaci. Nicméné byla poklesova kot-
lina, predikovand nelinedrnim modelem, i nadéle $ir§i a méI¢i neZ kotli-
na zméfend geotechnickym monitoringem. Zavérem byli autori nuceni
pripustit, Ze k ziskani lepSich pfedpovédi v podminkdch Ky>1 je treba
uvazovat neredlné vysokou tuhost zeminy.

Masin (2009) porovndval 3D predpovedi zkuSebniho tunelu pro
Heathrow Express v Londyné pomoci dvou konstitu¢nich modeld —
Cam modelu jilu, ktery v oboru malych pretvoreni predpovidd tuhost
zavislou pouze na drovni napéti a ne na pretvoreni, a pokrocilejsitho
hypoplastického modelu, ktery spravné predpovida nelinedrni chovani
zeminy. Cam model jilu ddval vzhledem k vysokému K, londynského
jilu nerealistické predpovédi s vertikdlnimi deformacemi povrchu vét-
§imi v ur¢ité vzddlenosti od osy tunelu, neZ pfimo nad tunelem.
Hypoplasticky model predpovidal sprdvné velikost deformaci

18. rocnik - €. 4/2009

Addenbrooke et al. (1997) carried out 2D FEM analyses of a tunnel
in the London Clay, with K,=1.5, using linear and nonlinear elastic
ideally plastic models. The nonlinear elastic model predicted the
dependency of stiffness on deformation within the range of small and
very small deformations. The nonlinear model, which was calibrated
to give a true picture of the decrease in stiffness measured by LVDT
gauges, yielded higher quality results compared with the linear model.
The linear model significantly overrated the settlement trough width
and underestimated the magnitude of deformations. Nevertheless, the
settlement trough which was predicted by the nonlinear model was still
wider and shallower than the trough measured by the geotechnical
monitoring. In the conclusion, the authors were compelled to admit
that, to be able to obtain better predictions in the case of Ky>1 condi-
tions, it is necessary to assume unrealistically high stiffness of soil.

Masin (2009) compared 3D predictions for a testing tunnel for the
Heathrow Express in London by means of two constitutive models —
the Clam-clay model, which predicts, within the range of small defor-
mations, the stiffness dependent only on the level of stress, not on
deformation, and a more advanced hypoplastic model, which correct-
ly predicts nonlinear behaviour of soil. Owing to the high K, of the
London Clay, the Cam-clay model provided unrealistic predictions,
with vertical deformations of the surface at a certain distance from the
tunnel axis larger than those directly above the tunnel. The hypoplas-
tic model correctly predicted the magnitude of deformations, and the
shape of the settlement trough was realistic, despite the fact that it was
still wider than the actually measured trough.

Similar results have been published even using linear models,
however, a more detailed study will reveal that the achieved predicti-
ons contain parameters which do not represent the soil behaviour. In
concrete, the elastic stiffness is unrealistically high, independent of
deformations. Such the results were presented by Tang et al. (2000);
Karakus & Fowell (2005) and Ng et al. (2004).

1.2 Soil anisotropy

Another aspect of soil behaviour which influences the magnitude of
deformations being predicted is anisotropy. Naturally deposited
fine-grained soils exhibit marked anisotropy of stiffness, where the
horizontal stiffness is higher than the vertical stiffness. For example,
Gasparre (2005) states that the proportion of the horizontal stiffness of

Obr. 2 Pruzkumné §toly situované v kaloté tunelu (a), levd $tola s hranici zdravého a navétralého jilu (b)
Fig. 2 Exploration galleries driven along the tunnel top heading (a); left-hand gallery with the fresh vs. slightly weathered clay interface (b)
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Obr. 3 Kalibrace parametrii N, A * a x* hypoplastického modelu na datech
edometrické zkousky neporuSeného vzorku

Fig. 3 Calibration of parameters N, A * a x* of the hypoplastic model to the
data obtained by an oedometer test on an undisturbed sample

a poklesova kotlina méla realisticky tvar, prestoZe byla stdle $irSi nez
kotlina méfend.

Obdobné vysledky byly publikovdny i s linedrnimi modely, avSak
podrobngjsi studium odhali, Ze predikce byly dosaZeny s parametry nere-
prezentujicimi chovani zeminy. Konkrétné se jednd o neredlné vysokou
a na pretvoreni nezavislou elastickou tuhost. Takové vysledky prezentuji
Tang a kol. (2000); Karakus a Fowell (2005) a Ng a kol. (2004).

1.2 Anisotropie zeminy

Dalsi aspekt chovéani zemin, jenZ md vliv na predpovidanou velikost
deformaci, je anisotropie. Jemnozrnné zeminy v prirozeném uloZeni
vykazuji vyraznou anisotropii tuhosti, pfi¢emz tuhost v horizontalnim
sméru je vy$$i neZ tuhost ve vertikdlnim sméru. Napr. Gasparre (2005)
udédvd, ze pomér horizontdlni a vertikdlni tuhosti londynského jilu je
priblizn€ roven 2.

Piimou studii vlivu anizotropie zeminy na predikce numerického
modelu provedli napf. Addenbrooke a kol. (1997). Autofi pouZili neli-
nedrni model prfi velmi malych pretvofenich s konstantnim pomérem
horizontaln{ a vertikdlni tuhosti. Bylo shledano, Ze zavedenf anizotro-
pie zlepsi predikce modelu ve smyslu ziZeni a prohloubeni poklesové
kotliny. Zaroven se ukdzalo, Ze tento vliv neni tak vyznamny jako
zavislost tuhosti na pretvoreni.

1.3 K, podminky
Pevné jily se vyznaluji vysokym zddnlivym stupném prekonsolida-
ce. Laboratorni studie ukazuji, Ze silné prekonsolidované jily mohou
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the London Clay to the vertical stiffness is roughly equal to 2.

Direct studies of the influence of soil anisotropy on predictions
according to a numerical model were carried out, for example, by
Addenbrooke et al. (1997). The authors used a nonlinear model at very
small deformations, with a constant proportion of horizontal and ver-
tical stiffness. It was found that the introduction of anisotropy impro-
ved predictions according to the model, in the meaning of narrowing
and deepening of the settlement trough. At the same time it turned out
that this influence is not as important as the dependency of stiffness on
deformation.

1.3 K, conditions

Stiff clays are characterised by a high apparent overconsolidation
degree. Laboratory studies have shown that heavily overconsolidated
clays can feature a high value of earth pressure at rest K, which may,
according to various sources, reach up to K,=2 (Hight et al, 2007).
Results of measurements in laboratory conditions were summarised by
Mayne and Kulhawy (1982), who found an empiric dependence of K,
on angle of internal friction and degree of overconsolidation (equation
(1)). Despite the studies, the magnitude of K, in ground mass, which
remains difficult to determine, influences the results of calculations.
The uncertainty of the magnitude of K, results from the fact that the in
situ measurement of K, is difficult and the extrapolation of results of
laboratory tests to the whole ground mass is uncertain due to long-term
effects, such as creep and relaxation.

A study of the influence of the coefficient of earth pressure at rest
KO on results of 3D analyses of a tunnel was carried out by Francius
et al. (2005), using the values of Ky,=1.5 and K,=0.5. The numerical
model using a low value of K, which seems to be unrealistic for the
London Clay, yielded a more satisfactory shape of the settlement
trough (deeper and narrower), but the magnitude of vertical movement
was 4 times overrated. The settlement trough which had been predic-
ted by the K,=1.5 analysis was too wide and vertical deformations
were 4 times underestimated. Similar conclusions, stating that the
diminishing value of K, closes the settlement trough and, at the same
time, increases vertical settlement values, have also been arrived at by
Dolezalova (2002) and other authors.

2. THE KRALOVO POLE TUNNELS

The Krédlovo Pole tunnels are parts of the northern section of the
Large City Circle Road (LCCR), which are, when completed, aimed to
improve traffic conditions in the historic centre of Brno in the future.
The tunnels consist of two parallel tubes with about 70m separation
and the lengths of 1237m (Dobrovského Tunnel I) and 1258m
(Dobrovského Tunnel II); the excavated cross-section height and
width are about 12m and 14m respectively. The tunnels are being dri-
ven by the NATM, with vertical division of the face into six separate
headings. The tunnel overburden height varies from 6m to 21m. Three
exploratory galleries were driven for the purpose of the engineering
geological investigation (to verify the selected excavation method and
the influence of tunnelling on existing buildings in the vicinity). The
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Obr. 4 Kalibrace parametru r hypoplastického modelu a simulace nedrénovanych drah neporusenych vzorki
Fig. 4 Calibration of parameter r of the hypoplastic model and simulation of undrained stress paths for undisturbed samples
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Obr. 5 Smykovd tuhost neporuseného brnénského jilu v rozsahu velmi malych (a) a malych (b) pretvorenich predikovand hypoplastickym modelem
Fig. 5 Shear stiffness of an undisturbed sample of the Brno Clay within the range of very small strains (a) and small strains (b), predicted by the hypoplastic model

mit vysokou hodnotu zemniho tlaku v klidu Ky, kterd podle raznych
prament muZe dosahovat aZ hodnot K,=2 (Hight et al, 2007).
Vysledky méfeni v laboratornich podminkdch shrnuli Mayne
a Kulhawy (1982), ktefi dospéli k empirické zévislosti K, na dhlu
vnitiniho tfeni a na stupni prekonsolidace (rovnice (1)). I pres tyto stu-
die zustdva velikost K, v zemnim masivu obtiZné stanovitelnou hod-
notou, ovliviiujici vysledky vypoctu. Jeji nejistota spo¢iva v obtizném

galleries are triangular in cross section and are located to pass along
footings of top headings of the tunnel tubes, with the aim of using them
during the construction of the final tunnel profile (see Fig. 2).

3. GEOLOGICAL CONDITIONS

From the stratigraphical point of view, the area of operations
belongs to the Lower Badenian Marine Miocene period of the
Carpathian Fore-Trough, the thickness of which reaches several hund-
red metres in this location.

The tunnels themselves are found in a developed area, therefore,

part of the tunnel cover consists of anthropogenic materials. The natu-
450 ral cover consists of secondary loess and clayey loams. The base of the
uaternary cover is formed by fluvial gravel-sand sediments, often
400 | y y g
with a loamy addition or penetrated with clay suspension. The Pre-
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300 | \-».,\_ being driven, consists of “Tegel”, which is calcareous silty clay of the
“““““ ~.-.. above-mentioned age. Fresh clays are green-grey, tinted rusty-brown
& 250 in the surface zone due to limonitic solutions penetrating through dis-
==, 200 |/ continuity systems. The consistency of the Neogene clays is stiff, the
o plasticity is high. They disintegrate to blocks or small fragments; main
150 fault planes are slickensided and uneven. The water table is bound to
100 | gravel-sand sediments.
/
50 [ Mohr-Coulomb / Mohr-Coulomb 4. LABORATORY EXPERIMENTS
zkouska / experiment - . .
0 . A set of laboratory tests on undisturbed samples and reconstituted
0 0.05 0.1 0.15 0.2 samples was conducted for the purpose of determining the mechanical
a) g, [-] behaviour of the Brno Clays. The undisturbed samples were taken by
500 ; : . : 120 T T . T T T . .
Mohr-Coulomb / Mohr-Coulomb s
zkouska / experiment ¥
400
80
= 300 ¢ { T
g.i. = 60
o =
200 I 2
i 40
\ i
100 + \‘. 20
b ; Mohr-Coulomb / Mohr-Coulomb
0 ; ; E . : 0 zkouska / experiment s
0 100 200 300 400 500 0 0.02 004 0.06 0.08 0.1 0.12 0.14 0.16
b) p [kPal ¢) Eax [

Obr. 6 Kalibrace parametru E, c, @y (a), v, Y (c) Mohr-Coulombova

delu a sii

7,

e neodvodnéné drdahy napeti (b)

Fig. 6 Calibration of parameters E, c, @, (a), v, Y (c) of the Mohr-Coulomb model and simulation of the undrained stress path (b)
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Tab. 1 Parametry brnénského jilu pro hypoplasticky model kalibrované na
laboratornich zkouSkdch

Table 1 Parameters of the Brno Clay for the hypoplastic model, calibrated to
laboratory tests

. A K, N r m, m, R B x
199° 0.128 001 1506 045 1675 167500001 02 08

Tab. 2 Parametry brnénského jilu pro Mohr-Coulombiv model kalibrované
na laboratornich zkouskdch

Table 2 Parameters of the Brno Clay for the Mohr-Coulomb model, calibra-
ted to laboratory tests

(1) c Y E v
28.5° 0 MPa 3° 8 MPa 04

méfeni K, in situ a nejisté extrapolaci vysledka laboratornich experi-
mentu na cely zemni masiv z davodu dlouhodobych efektu, jako jsou
creep a relaxace.

Studii vlivu soucinitele zemniho tlaku v klidu K, na vysledky 3D
analyz tunelu provedli Francius a kol. (2005) s hodnotami K,=1,5
a Ky=0,5. Numericky model s nizkou hodnotou K, kterd se zda byt
neredlnd pro londynsky jil, poskytl uspokojivejsi tvar poklesové kotli-
ny (hlubsi a uZzsi), ale absolutni hodnota vertikdlntho sednuti byla 4x
prehodnocena. Poklesové kotlina predikovand analyzou K;=1.5 byla
prili§ Sirokd a vertikdlni deformace byly 4x podhodnoceny.
K obdobnym zdvéram, Ze sniZujici se hodnota K, uzavira poklesovou
kotlinu a soucasné navySuje vertikdlni sednuti, dospéla i Dolezalova
(2002) a dals{ autori.

2. KRALOVOPOLSKE TUNELY

Kralovopolské tunely jsou soucasti severni ¢dsti velkého méstského
okruhu (VMO), jehoZ realizace ma v budoucnu odleh¢it dopravni situ-
aci v historickém centru Brna. Tunely jsou tvoreny dvéma paralelnimi
tunelovymi troubami ve vzdélenosti cca 70 m o délkdch 1237 m
(Dobrovského tunel T) a 1258 m (Dobrovského tunel II), se svétlou
vyskou vyrubu pfiblizné 12 m a §itkou 14 m. Tunely jsou raZzeny
NRTM s vertikdlnim ¢lenénim vyrubu do Sesti jednotlivych Celeb.
NadloZi tunell se pohybuje od 6 do 21 m. Pro tely inZenyrsko-geo-
logického prazkumu, ovéfeni zvoleného zpusobu razby a vlivu stavby
na okolni budovy, byly vyraZeny tfi pruzkumné $toly trojihelnikové-
ho profilu, které jsou situovdny v patich kalot tunelovych trub
a ndsledné budou vyuZity pfi konstrukei findlntho profilu dila (obr. 2).

3. GEOLOGICKE PODMINKY

Ze stratigrafického hlediska ndlezi zdjmové tizemi do obdobi spod-
nobddenského marinniho miocénu karpatské predhlubné, ktery zde
dosahuje mocnosti nékolika stovek metru.

Samotné tunely jsou vedeny v zastavéném tdzemi, proto je Cést
pokryvnych tvari reprezentovdna antropogennimi materidly.
Prirozené pokryvné ttvary jsou zastoupeny spraSovymi hlinami
a jilovitymi hlinami. Bédze kvarterniho pokryvu je tvorena fluvidlnimi
StérkopisCitymi sedimenty, Casto s primési hliny ¢i zajilovanymi.

Tuoufel

means of thin-walled steel samplers, from two core holes located on
the centre line of the tunnels, from the depths of 15.5m and 19.5m.

Three undisturbed samples and one reconstituted sample were pre-
pared from each level of depth for undrained triaxial tests (CIUP). The
samples, 38mm in diameter, were provided by radial drainage and
standard plates. All undisturbed samples were fitted with local LVDT
gauges for the purpose of determining stiffness at small strains. With
the aim of determining initial stiffness, one undisturbed sample was
fitted with bender elements, i.e. piezoceramic sensors used for measu-
ring soil stiffness at small deformations through seismic shear wave
propagation. Prior to the deformation-controlled shear stages, the sam-
ples were isotropically consolidated to three levels of mean normal
stress (275, 500 and 750kPa); the reconstituted sample to the stress of
2600kPa.

In addition, oedometer tests on undisturbed samples and reconstitu-
ted samples were carried out, up to the axial stress of 13MPa. The
results made the determination of the position of the normal compres-
sion line (NCL) and the assessment of the overconsolidation degree
possible.

A package of tests on the reconstituted samples in a ring shear tes-
ting apparatus was conducted with the aim of assessing the angle of
internal friction in a critical state, which cannot be reliably determined
by a triaxial test on an undisturbed sample because of the localisation
of deformation on the shear plane. The peak angle from the ring shear
testing apparatus is considered as the resulting value of the critical
angle of internal friction (Najser & Bohac, 2005).

5. CONSTITUTIVE MODELS AND CALIBRATION OF THE MODELS

The first model which was used was the standard Mohr-Coulomb
(MC) model, which represents the most used model in the geotechni-
cal practice in the Czech Republic. The second one was the hypoplas-
tic model for clay (Masin, 2005; Masin, 2008) using a concept of inter-
granular deformation (Niemunis & Herle, 1997). This model was
selected as a representative of advanced constitutive models, which is
capable of giving a true picture of nonlinearity, high stiffness at very
small deformations and a nonlinear decrease in stiffness with increa-
sing deformations. The implementation of the hypoplastic model for
various FEM programs (Plaxis, ABAQUS, Tochnog Professional) is
freely available on the Internet (Gudehus et al., 2008).

The basic version of the hypoplastic model requires five parameters
of soil, which correspond to parameters of the Modified Cam-Clay
model: N, A%, ¥, ¢, r. Parameters N and A’ define the position and
inclination of the NCL within the transformation of In p vs. In (/+e),
where p is the mean normal stress and e is the void ratio. Parameter
K’ defines the gradient of the isotropic unloading path within the same
transformation. The calibration of the above-mentioned three parame-
ters using the results of the oedometer test of an undisturbed sample of
the Brno Clay is presented on Figure 3.

Parameter ¢ is a critical state internal friction angle, which was cali-
brated to the results of tests in a ring shear apparatus and verified by
a triaxial test of the reconstituted sample. Parameter r, controlling the
soil shear stiffness, was derived from CIUP triaxial tests of undistur-
bed samples (see Fig. 4). Figure 4a shows the deviator stress versus
axial deformation; Figure 4b presents undrained stress paths.

The basic hypoplastic model predicts well soil behaviour for
medium to large deformations. A concept of

@) Ol

intergranular deformation was introduced. It
allowed us to predict high stiffness and

(3y
2}

(1)

130m

T lm a decrease in stiffness at very small defor-
T mations. The concept requires additional
:_ﬂ m five parameters (mg, my, R, f3,, and ). These
parameters were derived from measure-
ments of shear stiffness by means of LVDT
277 m gauges (see Fig. 5b) and bender elements

(see Fig. 5a). Table 1 presents parameters of
the hypoplastic model obtained by the cali-
. bration to experimental data.

o The standard MC model is a repre-
sentative of a linearly elastic, ideally plastic

Obr. 7 Geometrie a sit’pouzitd pro simulaci prizkumné $toly. (1) brnénsky jil; (2) piscity stérk; (3) spras;
(4) navdzka; (5) umisténi bodit monitoringu pro analyzu senzitivity a inverzni analyzu

Fig. 7 Geometry and the FE mesh used for the simulation of the exploratory gallery. (1) Brno Clay;
(2) sandy gravel; (3) loess; (4) made ground; (5) locations of monitoring points for the sensitivity analysis

and inverse analysis

constitutive model with the Mohr-Coulomb
plasticity condition. The constitutive model
is defined by an isotropically elastic stiff-
ness matrix, the condition of plasticity and
the plastic potential surface. The model
requires five parameters (£, ¢, ¢, v, ). The

vvvvvv
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Tab. 3 Hodnoty parametru f3 pro jednotlivé konstitucni modely a K, podminky parameters were calibrated to identical undrained triaxial tests (CIUP),
Table 3 Parameter f; values for individual constitutive models and K, conditions as used for calibration of the hypoplastic model. The calibration of
Konstituéni model K, podm. 8 Young’s ‘m.odulus E is presented on Elgure §a. Pe’lfame.ter Yis dilatan-
Constitutive model K. cond. 8 cy angle; its callbratlpn, together with Poisson’s ratio, is showp on

0 Figure 6¢. Zero cohesion was assumed for the purpose of the calibra-

hyp. model / hyp. model 1,25 0,495 tion of parameters ¢ and ¢, and the value of the peak angle of internal
hyp. model / hyp. model 0.66 0.467 friction was calibrated on the basis of an experiment, at the stress of

MC model / MC model 1.25 0,598 275kPa. This calibration method appeared to be more suitable than the

DTG il IC el 0.66 0551 calibration based on all of the three shear tests shown on Figure 4b.
Tab. 4 Parametry geologickych vrstev nad brnénskym jilem The linearisation of the strength envelope based on the threq exper?—
Table 4 Parameters of geological layers overlying the Brno Clay ments presgnted On'F%gure. 4!) would result in a high value of cohesi-

on, which is unrealistic within the range of lower stresses because of

. : 5 o the strength envelope nonlinearity. The final parameters of the Mohr-

cemina S0l PUL B W B Coulomb model are presented in Table 2. Figure 6b shows a simulation
navazka / Made ground 20 10 4 10 0,35 of an undrained stress path.

spraSovd hlina / Second. loess 28 2 2 45 04

pisgity $térk / Sandy gravel 30 5 8 60 035 6. SIMULATIONS OF THE EXPLORATORY GALLERY

Simulations of the exploratory gallery were conducted using
L . . ) Tochnog Professional program. They represent 2D plain strain undra-
Tab. 5 Parametry primdrniho osténi pruzkumné Stoly a findintho profilu tunelu ined analyses solved by the FEM. The geometry, the mesh (consisting
Tjable s Paramet'ers of the primary lining of the exploratory gallery and the of 336 9-node rectangular elements) and the geological profile are dis-
final tunnel profile played on Figure 7; they correspond to Tunnel 2 chainage of 0.840km.
osténi e Ekv. diika hustota The g'allery, -with its side about :5m long, is located 21.2m under the ter-
Firriry R TR operr — rain surface; the wate_r table is bound to th_e gravel-sand base. 3D
[GPa] [m] [ke/m’] effects of the excavation were allowed for in 2D by means of the
S-method (Karakus, 2007). Values of parameter ; were determined for
Stola / gallery 246 0.1 2970 ipdiviflual constitqtive moFlels and. for the assgmed various K, condi-
- 246 035 2970 tions in a way designed with the aim of reaching results of 2D analy-
ses identical with the results of full 3D numerical analyses of the
exploratory gallery (Table 3). This paper does not contain a description
Predkvarterni podklad, ve kterém je tunel z velké ¢asti raZen, je budo- of the 3D calculations.

vdn vdpnitym prachovitym jilem ,téglem” vySe zminéného stafi. The layers overlying the Brno Clay were simulated by means of the
Zdravé jily maji zelenoSedou barvu, v piipovrchové z6né jsou zbarve- Mohr-Coulomb model; their parameters were selected according to the
ny rezavohnédé, coz je zplsobeno pronikdnim limonitickych roztokl results of available shear box tests (Pavlik et al., 2003) (Table 4.). The
systémy diskontinuit. Konzistence neogennich jili je tuhd aZ pevnd, lining was modelled as linearly elastic, by means of beam elements

plasticita vysokd. Maji blokovity az drobné tilomkovity rozpad, hlav- with the parameters presented in Table 5.
ni tektonické plochy jsou ohlazené a nerovné. Hladina podzemni vody The initial conditions of the simulation comprised the determination
je vdzdna na Stérkopis¢ité sedimenty. of vertical stresses, the void ratio and the coefficient of earth pressure
~ at rest K. The vertical stress was calculated from the unit weight
4. LABORATORNI EXPERIMENTY of soil: y=18.8 kN/m? for clay, 19.5 kN/m? for secondary loess,

Pro stanoveni mechanického chovéni brnénskych jila byla provede- 196 KN/ m3 fo'r sandy gravels 3Qd 18.0kN/m’ for madg g%round. The
na fada laboratornich zkousek na neporusenych a rekonstituovanych initial void ratio e:O.$3 was derived from results of trl‘ax1al‘tests on
vzorcich. Neporusené vzorky byly odebrany tenkosténnymi ocelovy- undistl}rbed sarpples from thh boreholes. The value of K, for over-
mi odbériky ze dvou jadrovych vrtd umisténych v ose razby tunelii, | consolidated soil was determined from a Mayne and Kulhawy (1982)
z hloubky 15,5 a 19,5 m. empiric relationship:

Z kaZdé hloubkové trovné byly pfipravepy .tfi neporusené a jeden Koy = (1 — sin @)OC Roin¥ (1)
rekonstituovany vzorek pro nedrénované triaxidlni zkousky (CIUP). o ) ) )
Vzorky o priméru 38 mm byly opatfeny radidlni drendzi ‘The overconsolidation stress of 1800kPa was estlmatgd on thq basis
a standardnimi desti¢kami. VSechny neporusené vzorky byly osazeny of oedometer tests on undisturbed samples of clay (see Fig. 3), with the
lokdlnimi snimaci LVDT pro stanoveni tuhosti pfi malych pretvore- corresponding  overconsolidation ratio (OCR) of 6.5, leading to
nich. Pro stanoveni po&atecni tuhosti byl jeden neporuseny vzorek | Ko¢=1.25.The calculation of K, according to the equation (1) assumes
vybaven ,,bender elementy*, piezokeramickymi snima&i, pouzivanymi that the soil overconsolidation Whlch was reglstergd dqung oedomgter
pro mé&fenf tuhosti zeminy pfi velmi malych tests was caused by the actual soil unloading resulting from the erosion

pretvofenich propagaci seismickych smy-

kovych vin. Pfed smykem fizenou deforma-

ci byly vzorky izotropné konsolidovany na 0.09 —— T
tfi drovné stfedniho napéti (275, 500 a 750 T 0.08 ]
kPa), rekonstituovany na 2600 kPa. e
Dile byly realizovany edometrické zkous- “g 0.07 1 1
ky na neporuSenych a rekonstituovanych 'go' 0.06 - ]
vzorcich do axidlntho napéti 13 MPa. o
Vysledky umoznily stanoveni pozice &4 0.05 | 1
ysledky y p dry 3
norméln{ konsolidace a vyhodnoceni stupné w 0.04 | 1
prekonsolidace. § 0.03 | ]
Sada zkousek rekonstituovanych vzorku T
v rotaénim smykovém piistroji byla prove- é- 0.02 | 1
dena za i¢elem vyhodnoceni thlu vnitfniho S 0.01 } i
tfeni v kritickém stavu, ktery nelze davéry- e

hodné stanovit z triaxidlni zkousky na nepo- 0 B 6 % x N
ruseném vzorku, kvuli lokalizaci pretvorent ?
na smykové plose. Jako vyslednd hodnota

r Rmg B x e Ko Ogr Cgr Egr Var War ®is Cis Eis Vis Wis
Parametr nebo stavova proménnd / Parameter or state variable

kritického thlu vnitfniho tfeni je uvaZovan
vrcholovy uhel z rotaéniho pristroje (Najser — Obr. 8 ,,Composite scaled sensitivities pro simulaci priizkumné $toly
a Bohac, 2005). Fig. 8 Composite scaled sensitivities for simulation of the exploratory gallery
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Obr. 9 Predikce poklesové kotliny nad $tolou: vliv optimalizace parametrii a modelu
Fig. 9 Prediction of the settlement trough above the gallery: influence of the optimisation of the parameters and the model

5. KONSTITUCNI MODELY A JEJICH KALIBRACE

Prvnim pouZitym modelem je standardni Mohr-Coulombiv (MC)
model, ktery v Ceské republice predstavuje nejpouZivanéjsi model
v geotechnické praxi. Druhym je hypoplasticky model pro jily (Masin,
2005, Masin 2008) s konceptem intergranuldrniho pretvoreni
(Niemunis a Herle, 1997). Tento model byl vybrdn jako zdstupce
pokrocilych konstitu¢nich modelu, ktery je schopny vystihnout neli-
nearitu, vysokou tuhost pri velmi malych pretvorenich i nelinedrni
pokles tuhosti s rostoucim pretvorenim. Implementace hypoplastické-
ho modelu pro rtizné programy MKP (Plaxis, ABAQUS, Tochnog
Professional) je volné dostupnd na internetu (Gudehus et al., 2007).

Zékladni verze hypoplastického modelu vyZaduje pét parametrt
zeminy, které odpovidaji parametrim Modifikovaného Cam clay
modelu: N, A*, k¥, ¢c, r. Parametry N a A’ definuji pozici a sklon NCL
v zobrazeni In p vs. In (I+e¢), kde p je stfedni napéti a e ¢islo porovi-
tosti. Parametr k” definuje smérnici ¢dry izotropniho odleh&ent ve stej-
ném zobrazeni. Kalibrace téchto tii parametri na vysledcich edome-
trické zkousky neporuseného vzorku brnénského jilu je na obr. 3.

Parametr ¢ je thel vnitfntho tfen{ v kritickém stavu, ktery byl kalib-
rovan na vysledcich zkousek v rotaénim smykovém pfistroji a ovéren
triaxidlni zkouSkou rekonstituovaného vzorku. Parametr r, fidici smy-
kovou tuhost zeminy, je stanoven z triaxidlnich zkouSek CIUP na
neporusenych vzorcich (obr. 4). Obr. 4a znazornuje devidtorové napé-
ti vidi axidlnimu pretvoreni, obr. 4b predstavuje neodvodnéné drahy
napéti.

Zékladni hypoplasticky model dobre predikuje chovan{ zeminy pro
strednf az velkd pretvoreni. Abychom byli schopni predikovat vysokou
tuhost a pokles tuhosti pri velmi malych pretvorenich je zaveden kon-
cept intergranuldrniho pretvorent, ktery vyZzaduje dalSich pét paramet-
ra (mg, my, R, f3,, a x). Tyto parametry byly odvozeny z méfeni smy-
kové tuhosti prostiednictvim snimacu LVDT (obr. 5b) a ,,bender ele-
mentu* (obr. 5a). V tab.1 jsou uvedeny parametry hypoplastického
modelu ziskané kalibraci na experimentdlnich datech.

Standardni MC model je predstavitelem linearné elastického, idedlné
plastického konstitu¢nitho modelu s Mohr-Coulombovou podminkou
plasticity. Konstitu¢ni model je definovén izotropné elastickou matici
tuhosti, podminkou plasticity a plochou plastického potencidlu. Model
vyZzaduje 5 parametra (E, @, ¢, v, V), jejichz kalibrace probéhly na

Tab. 6 Pocdtecni a optimalizované hodnoty parametri. r a mR hypoplastic-
kého modelu

Table 6 Initial values and optimised values of parameters r and my of the
hypoplastic model

sada parametru / Set of parameters r my

original. param. / original. param. 045 16,75
opt. r, K;=1,25 0,51 16,75
opt. mg, Kj=1,25 045 12.79
opt. r, K;=0,66 049 16,75
opt. mg, K;=0,66 045 14,56

of overlying geological layers. The other possible interpretation of the
overconsolidation being registered assumes that the overconsolidation
is apparent, resulting from soil creep. This interpretation would lead to
a K, value calculated from the Jaky relationship (1944):

g = (1 —siny) (2)

which leads to K;=0.66. Because there are no in situ measurements
of K, available in the Dobrovského location, both extreme values of
Ky, calculated according to the equations (1) and (2), were considered
in the analyses.

7. SENSITIVITY ANALYSIS

With the aim of clarifying the influence of individual geological lay-
ers on results of the simulations, we carried out a sensitivity analysis
by the UCODE program (Poeter & Hill, 1997). The subject of the ana-
lysis was a comparison of simulation results with measurements of
vertical deformations at three selected points, which are marked on
Figure 7. The points are located on the terrain surface; they are moni-
tored by levelling. The difference between the data obtained from the
simulations and from the observation is expressed by means of the
objective function S(b) (Finno & Calvello, 2005):

S5(b) = |y - -'J"In'.-!_"_';_-',- — i'(b)] G)

where b; is for a vector containing values of parameters, y’; is for an
observation values vector, dy’/db; is for a vector of calculated values
corresponding to the observation values, and w is for a weight matrix.
The matrix expresses the importance of each measurement and is con-
sidered, as a standard, as an inversion value of the measurement error
variance. In our case, where the number of observation points is small,
the weight is considered equal to one. The sensitivity of results on
changes of each parameter is expressed by a composite scaled sensiti-
vity quantity, css;, which is defined as:

532 () ue)]”

i [.\'."J*”—f ab; J )

where b; is for a jth studied parameter, y'; is for an ith calculated value,
Oy’/db; is for the sensitivity of an ith calculated value compared with

the jth parameter, w;; is for the weight of an ith observation value, and
ND is the number of observation values.

Tab. 7 Pocdtecni a optimalizovany parametr E Mohr-Coulombova modelu
pro ruzné hodnoty K,

Table 7 Initial and optimised parameter E of the Mohr-Coulomb model for
various K, values

sada parametrt / Set of parameters E [MPa]
original. param. / original. param. 8
opt. E, K;=125 18,88

opt. E, K;=0,66 56.23
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totoznych nedrénovanych triaxidlnich
zkouskdch (CIUP) jako pro model hypoplas- (4],
ticky. Kalibrace Youngova modulu E je znd- (3)

zornéna na obr. 6a. Parametr 1 je thel dila-
tance a jeho kalibrace spolu s Poissonovym
&islem v je predmétem obr. 6¢. Pri kalibraci
parametrt ¢ a ¢ byla uvazovéna nulova sou-
drznost a hodnota vrcholového thlu vnitrni-
ho tfen{ byla kalibrovéna na zdkladé experi- (1}
mentu pii napéti 275 kPa. Tento zpusob
kalibrace se jevil jako vhodné&jsi neZ kalibra-
ce na zdkladé vsech tff smykovych zkousek
z obr. 4b. Linearizace obalky pevnosti na
zékladé tif experimenti z obr. 4b by vedla P
k vysoké hodnoté soudrznosti, kterd je

(2)

{5)

137.7m

140 m

z duvodu nelinearity obédlky pevnosti
v oboru niz§ich napéti nerealistickd. Findlni
parametry Mohr-Coulombova modelu jsou
uvedeny v tab. 2. Obr. 6b ukazuje simulaci

neodvodnéné drdhy napéti.

(5) prizkumnd $tola

6. SIMULACE PRUZKUMNE STOLY

Simulace pruzkumné $toly probéhly v programu Tochnog Professional
a predstavuji 2D plane strain nedrénované analyzy feSené MKP.
Geometrie, sit’ (tvofena 336 uzlovymi &tyfihelniky) a geologicky fez
jsou zobrazeny na obr. 7 a odpovidajf staniceni tunelu T2 0,840 m. Stola
s délkou strany priblizné 5 m je situovéna 21,2 m pod drovni terénu
a hladina podzemni vody je vdzdna na bazi §térkopisku. 3D efekty razby
byly zohlednény ve 2D pomoci f-metody (Karakus, 2007). Hodnoty
parametru 3 pro jednotlivé konstitu¢ni modely a pro uvazované rizné K
podminky byly stanoveny tim zpisobem, aby se predpovédi 2D analyz
shodovaly s vysledky pIné 3D numerickych analyz pruzkumné $toly
(tab. 3). Popis téchto 3D vypoctu neni obsahem tohoto ¢ldnku.

Vrstvy nasedajici na brnénsky jil byly simulovdany Mohr-
Coulombovym modelem a jejich parametry byly zvoleny dle vysledku
dostupnych zkousek ve smykové krabici (Pavlik et al., 2003, tab. 4.).
Osténi bylo modelovéno jako linedrné elastické pomoci nosnikovych
elementl s parametry uvedenymi v tab. 5.

Pocéte¢ni podminky simulace predstavovaly stanoveni vertikdlnich
napéti, ¢isla pérovitosti a soulinitele zemniho tlaku v klidu K.
Vertikdlni napéti bylo vypoéteno z jednotkové tihy zeminy y=18.8
kN/m? pro jil, 19,5 kN/m? pro spraSové hliny, 19,6 kN/m? pro pis¢ité
Stérky a 18,0 kN/m?® pro navédzky. Pocate¢ni &islo porovitosti e=0,83
bylo odvozeno z vysledku triaxidlnich zkousSek na neporusenych vzor-
cich z obou vrtu. Hodnota K, pro pfekonsolidovanou zeminu byla sta-
novena z empirického vztahu Mayne a Kulhawy (1982):

Kp = (1 — sin ) OCR™"¥ D

Z edometrickych zkousek na neporuSenych vzorcich jilu bylo
odhadnuto prekonsolidadni napéti hodnoty 1800 kPa (obr. 3), jemuz
odpovidd stupen prekonsolidace (OCR) 6,5, ktery vede ke Ky,=1,25.
Vypocet K, podle rovnice (1) predpokladd, Ze prekonsolidace zeminy
pozorovand pii edometrickych zkouskdch je zpusobena skute¢nym
odleh¢enim zeminy v dusledku eroze nadloZnich geologickych vrstev.
Druhd moZnd interpretace pozorované prekonsolidace predpokladd, ze
se jednd o zdénlivou piekonsolidaci zpusobenou creepem zeminy.
Této interpretaci by odpovidala hodnota K, vypoctend ze vztahu
Jakyho (1944):

Ky = (1—sinyp) @
kterd vede na K;=0,66. ProtoZe na lokalité Dobrovského nejsou

k disposici polni méfeni K, byly v analyzdch uvazovany obé extrém-
ni hodnoty K, poc¢itané podle rovnic (1) a (2).

vvvvvv

Fig. 10 Geometry and FE mesh for simulation of the whole tunnel. (1) Brno Clay; (2) sandy gravel;
(3) loess; made ground; (5) exploration gallery

Figure 8 presents the resulting composite scaled sensitivities for the
simulation of the exploratory gallery, using the values of the monitoring
at the selected points (see Fig. 7). The parameters without an inferior
index refer to hypoplastic parameters of the Brno Clay, while the para-
meters with an inferior index characterise the Mohr-Coulomb constitu-
tive model. The /s and gr indexes mark a loess layer and a gravel-sand
layer, respectively. In addition, the calculation sensitivities for state
variables e, K, and for a change in factor f are presented. It is obvious
from the picture that the simulation results are sensitive above all to
changes in parameters of the clay layer. Parameters of the other layers
do not any significantly influence the simulation results, therefore
mechanical properties of the parameters were not a subject of a more
detailed study. In other simulations, these layers are modelled by means
of the Mohr-Coulomb model, with the parameters contained in Table 4.

8. INVERSION ANALYSIS OF PARAMETERS USING DATA
FROM THE EXPLORATORY GALLERY

A common problem of the geotechnical practice when studying
behaviour of soils is the fact that, because of the effect of the size of
a sample, laboratory results do not exactly represent the behaviour of
ground mass in its entirety. This is why we decided to carry out an
inversion analysis of the exploratory gallery and optimised the selec-
ted parameters, which had been calibrated during laboratory tests. The
UCODE program was applied to the inversion analysis. This analysis
principle consists of correcting parameters and other model aspects,
until the simulation agrees with the behaviour of the geotechnical
works. The UCODE carries out optimisation on the basis of minimi-
sation of the objective function S(b) (equation (3)) using the Modified
Gauss-Newton Method. Values of vertical deformations at three points
were used in the analysis for the purpose of calculating the objective
function S(b) (see Fig. 7).

When tunnels are being driven through fine-grained soils by the
NATM, deformations due to excavation are affected above all by the
stiffness of soil and its nonlinearity (see the introduction). For that rea-
son the shear stiffness controlling parameters were optimised, i.e. r
and mR for the hypoplastic model and Young’s modulus E for the
Mohr-Coulomb model. The settlement trough due to the gallery exca-
vation is compared with the hypoplastic model predictions on Figure
9a. It is obvious that the hypoplastic model with parameters calibrated
to laboratory tests underestimates the magnitude of settlement appro-
ximately by 20 per cent, but the geometry of the trough is predicted

Obr. 11 Sekvence razby a vertikdlni deformace predikované hypoplastickym modelem s optimalizovanym r
Fig. 11 The excavation sequence and vertical deformations, predicted by the hypoplastic model with optimised r
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7. ANALYZA SENSITIVITY

Abychom objasnili vliv jednotlivych geologickych vrstev na vysled-
ky simulaci, byla provedena analyza sensitivity pomoci programu

UCODE (Poeter a Hill, 1997). Pfedmétem analyzy je porovndni

vysledku simulaci s méfenim vertikdlnich deformaci ve tiech zvole-
nych bodech vyznacenych na obr. 7. Body jsou situovdny na povrchu
terénu a sledovdny geodetickou nivelaci. Rozdil mezi daty ze simula-
ci a z monitoringu je vyjadien pomoci ,,0bjective function S(b)“
(Finno & Calvello, 2005):

) wly —y/(0)] @

SO =ly-y'b

kde b je vektor obsahujici hodnoty parametrt, y vektor observa¢nich
hodnot, y'(b) vektor vypoctenych hodnot, odpovidajicich observa¢nim
hodnotdm, a @ je vdhovéa matice. Ta vyjadfuje vyznam kazdého méte-
ni a standardné je brdna jako inverzni hodnota rozptylu chyby méfent.
V naSem piipadé, s nizkym poctem observacnich bodu je vdha uvazo-
vdna rovna jedné. Sensitivita vysledki na zménu kazdého parametru je
vyjddrena veli¢inou ,,composite scaled sensitivity cs5j“ definovanou

jako: /2
1 524 ()y 1;2 ” (4)
%= |ND ; ((()b ) )

kde bj je j-ty studovany parametr, y'i je i-td vypoctend hodnota,
8y’/0bj je sensitivita i-té¢ vypoctené hodnoty vzhledem k j-tému para-
metru, w;; je vaha i-té observacni hodnoty a ND je pocet observacnich
hodnot.

Na obr. 8 jsou zndzornény vysledné ,,composite scaled sensitivities*
pro simulaci prazkumné $toly vyuZivajici hodnoty z monitoringu ve
zvolenych bodech (obr. 7). Parametry bez dolniho indexu odkazuji na
hypoplastické parametry brnénského jilu, parametry s indexem cha-
rakterizuji Mohr-Coulombuv konstitu¢ni model, Is index oznaluje
vrstvu sprasi, gr vrstvu §térkopiskd. Doplnéna je i sensitivita vypoctu
pro stavové proménné e, K, a zménu faktoru 3. Z obréazku je zfejmé,
Ze vysledky simulace jsou citlivé predev§im na zménu parametrti vrst-
vy jilu. Parametry ostatnich vrstev vyrazné neovliviiuji vysledky simu-
lace, a proto nebyly jejich mechanické vlastnosti predmétem podrob-
néjstho studia. V dalSich simulacich jsou tyto vrstvy modelovany
Mohr-Coulombovym modelem s parametry uvedenymi v tab. 4.

8. INVERZNI ANALYZA PARAMETRU S VYUZITIM DAT
Z PRUZKUMNE STOLY

BéZznym problémem geotechnické praxe pfi studiu chovani zemin
je, Ze vzhledem k efektu velikosti vzorku laboratorni vysledky nere-
prezentuji exaktné chovani horninového masivu jako celku. Proto jsme
pristoupili k inverzni analyze pruzkumné $toly a vybrané parametry,
kalibrované na laboratornich zkouSkédch, jsme optimalizovali. Pro
inverzni analyzu byl pouZit program UCODE. Principem analyzy je
korigovéni parametrt a dalSich aspekti modelu, dokud se simulace
neshoduje s chovanim geotechnického dila. UCODE provadi optima-
lizaci na zdkladé minimalizace ,,objective function S(b)* (rovnice (3))
vyuzitim modifikované Gauss-Newtonovy metody. V analyze byly pro
vypocet ,,objective function S(b)*“ pouZity hodnoty vertikdlnich defor-
maci ve tiech bodech (obr. 7).

Pri realizaci tuneld NRTM v jemnozrnnych zeminach jsou deforma-
ce zpusobené razbou ovlivnény predevsim tuhosti zeminy a jeji neli-
neritou (viz dvod). Z tohoto duvodu byly optimalizovdny parametry
kontrolujici smykovou tuhost, u hypoplastického modelu r a my,
u Mohr-Coulombova modelu Youngiv modul E. Na obr. 9a je pokle-
sovd kotlina, zpusobena raZbou §toly, porovndna s predikcemi hypo-
plastického modelu. Je patrné, Ze hypoplasticky model s parametry
kalibrovanymi na laboratorni zkousky podhodnocuje velikost sednut{
priblizné o 20 %, avsak tvar kotliny predikuje spravné. Dile je zfejmé,
Ze poklesovi kotlina predikovand hypoplastickym modelem nenf pii-
li§ zdvisld na hodnoté K,. Na rozdil od hypoplastického modelu,
vysledky MC modelu jsou velmi citlivé na velikost K,. MC model
nadhodnocuje pro vysoké K, sednuti priblizné o 60 % a predpovida
neredlné Sirokou poklesovou kotlinu. Pro nizké K, jsou hodnoty sed-
nuti nadhodnoceny na 330 %, nicméné tvar Kotliny je pfijatelny.

Na obr. 9 jsou poklesové kotliny predikované obéma modely
s optimalizovanymi parametry (tab. 6 a 7). Optimalizace hypoplastic-
kych parametra r a my ma obdobny vliv na vysledky, obr. 9a ukazuje
pouze vysledky s optimalizovanym parameterm r. Tvar poklesové
kotliny odpovidé datim z monitoringu (i s vysokym K) a vypo&tené
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Obr. 12 Poklesovd kotlina tunelu predikovand studovanymi modely
Fig. 12 The settlement trough above the tunnel predicted by the models being
studied

correctly. It is further obvious that the settlement trough predicted by
the hypoplastic model is not too much dependent on K, value. In con-
trast with the hypoplastic model, results of the MC model are highly
sensitive to the magnitude of K,,. For high K, the MC model overra-
tes settlement approximately by 60 per cent and predicts an unrealisti-
cally wide settlement trough. For low K, the settlement values are
overestimated to 330 per cent, nevertheless, the shape of the trough is
acceptable.

Figure 9 presents the settlement troughs predicted by both models
with optimised parameters (Table 6 and Table 7). The optimisation of
hypoplastic » and my has a similar effect on the results; Figure 9a
shows only the results with the optimised parameter 7. The shape of the
settlement trough corresponds to the monitoring data (even with the
high K;) and the calculated settlement agrees with real values. The
settlement trough resulting from the optimised MC model is again too
wide in the case of high K,. With low K, the MC model predicts
a correct shape of the trough and correct magnitude of settlement;
however, the satisfactory predictions were achieved only by means of
unrealistically high Young’s modulus E (see Table 7). It is obvious
that the Mohr-Coulomb model cannot be used for predictions of sett-
lement caused by tunnelling if realistic data obtained by laboratory tes-
ting is used as the basis. As far as the hypoplastic model for clay with
intergranular strains is concerned, a matching settlement trough with
reasonable settlement values was predicted already when parameters
calibrated to results of laboratory experiments were used.

9. CALCULATION OF SETTLEMENT DUE TO THE TUNNEL
EXCAVATION

The predictions of the full tunnel profile behaviour (Svoboda and
Masin, 2008) were carried out using both sets of parameters, the ori-
ginal parameters calibrated to results of laboratory experiments and the
optimised parameters obtained by the inverse analysis of the explora-
tory gallery. The final ground mass deformations due to the tunnel
excavation represent “Class A” predictions because the full profile
excavation had not arrived at the selected chainage by the time of the
work on the analysis. Similar to the exploration gallery, the tunnel was
simulated using the f-method, in a 2D analysis. The £ values used in
the simulations were obtained on the basis of 3D simulations of the
exploratory gallery (Table 3). The geometry and situation of the pro-
blem being studied are presented on Figure 10. The tunnel has been
driven by a sequential method the procedure of which is presented,
together with the development of vertical deformations predicted by
the hypoplastic model with the optimised parameter r, on Figure 11.

The settlement troughs predicted by the constitutive models being
studied are presented on Figure 12; the distribution of vertical defor-
mations in the tunnel surroundings is shown on Figure 13. The hypo-
plastic model, similar as in the case of the exploratory gallery, predicts
a satisfactory shape of the settlement trough. The trough is slightly
deeper and narrower in the case of the model with lower KO, nevert-
heless, the difference is not much significant. Completely different
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sednuti se shoduje s redlnymi hodnotami. Poklesova kotlina optimali-
zovaného MC modelu je pro vysoké K, opét prili§ Sirokd. S nizkym
K, predikuje MC spravny tvar kotliny a velikost sednuti, av§ak uspo-
kojivé predpovédi MC modelu byly dosazeny pouze pomoci neredlné
vysokého Youngova modulu E (viz tab. 7). Mohr-Coulombuv model
nelze zjevné pouZit pro predikce sednuti zpusobenych razbou, pokud
se vychézi z realistickych dat laboratornich experimenti. V pripadé
hypoplastického modelu pro jily s intergranuldrnim pfetvorenim byla
predikovdna odpovidajici poklesovd kotlina s rozumnou hodnotou
sednuti jiz s parametry kalibrovanymi na vysledky laboratornich
experimentu.

9. VYPOCET SEDNUTI ZPUSOBENEHO TUNELEM

Pro predikce chovéani plného profilu tunelu (Svoboda a Masin,
2008) byly pouzity obé sady parametru, jak origindlni, kalibrované na
vysledky laboratornich experimentu, tak i optimalizované parametry,
které jsou vystupem inverzni analyzy pruzkumné Stoly. Konecné
deformace horninového masivu, zpusobené razbou tunelu, predstavuji
»class A“ predikce, nebot’ plny profil ve zvoleném staniCeni nebyl
v dobé analyzy realizovan. Podobné jako pruzkumnd Stola byl tunel
simulovan f3-metodou ve 2D analyze. V simulacich byly vyuzity hod-
noty f3 ziskané na zékladé 3D simulaci prizkumné $toly (tab. 3).
Geometrie a situace studovaného problému je na obr. 10. RaZba tune-
lu je realizovana sekvencni metodou, jejiZ postup spolu s vyvojem ver-
tikdlnich deformaci predikovanych hypoplastickym modelem
s optimalizovanym parametrem r je na obr. 11.

Poklesové kotliny tunelu predikované studovanymi konstitu¢nimi
modely jsou na obr. 12, rozloZenf vertikalnich deformaci v okoli vyru-
bu na obr. 13. Hypoplasticky model, obdobné jako v ptipadé $toly, pre-
dikuje uspokojivy tvar poklesové kotliny. V pripadé modelu s niz§im
K, je kotlina nepatrné hlubs{ a uzsi, nicméné rozdil nenf nijak vyraz-
ny. Zcela odlisné vysledky byly ziskany Mohr-Coulombovym mode-
lem. Pro vysoké K, pfedpovidd MC model neredlnou poklesovou kot-
linu. Pro nizké K, predikuje tento model deformace blizké stavu poru-
Seni, kdy dochdzi k pohybu bloku horniny smérem do vyrubu.

10. SHRNUTI POZNATKU

V prispévku jsme demonstrovali, Ze vybér konstitu¢niho modelu pro
numerickou analyzu vyznamné ovliviiuje predikce modelu. Srovnany
byly dva modely — standardni Mohr-Coulombiv model a pokrocily
hypoplasticky model. PouZity Mohr-Coulombuv model odpovidé jeho
zékladni podobé&, vysledky vypoctu tedy nijak nekompromituji moz-
nosti jeho pokrocilejSich verzi, které byly vyuzity pii projektovan{
Krélovopolskych tuneld.

Vyuzitim monitoringu realizace prizkumné Stoly jsme ukazali, Ze
hypoplasticky model predpovidd rozumny tvar poklesové kotliny, a to
i s parametry kalibrovanymi na vysledcich laboratornich experimentu.
Je tedy vhodny i pro pouZiti v tivodnich fazich projektu, kdy jsou pre-
dikce zaloZené pouze na laboratornim vyzkumu a nenf moZno vyuZzit
moznosti zpétné analyzy. Mohr-Coulombav model predpovidd sprdv-
né velikost deformace zpusobené razbou §toly vyhradné s neredlnymi
parametry z inverzni analyzy (vysoké E a nizké K;). Zajimavym
poznatkem je, Ze dva konstitu¢ni modely, optimalizované na datech
z pruzkumné §toly a ddvajici pro tento pripad obdobné predikce (hypo-
plasticky model a MC model pro nizké K, a optimalizované E), nepo-
skytuji shodné predikce poklesové kotliny pro plny profil tunelu.
Predpovédi hypoplastického modelu se zdaji byt divéryhodnéjsi.
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Obr. 13 Vertikdlni deformace v okoli tunelu predikované optimalizovanym
hypoplastickym a Mohr-Coulomb del

Fig. 13 Vertical deformations in the vicinity of the tunnel, predicted by the
optimised hypoplastic model and the Mohr-Coulomb model

vym

results were obtained by the Mohr-Coulomb model. For high K, the
MC model predicts an unrealistic settlement trough. For low K, this
model predicts deformations close to the failure state, where a ground
block moves toward the excavated opening.

10. SUMMARY OF LESSONS LEARNT

In our paper we demonstrated that the selection of a constitutive
model for a numerical analysis significantly affects model predictions.
Two models were compared: a standard Mohr-Coulomb model and an
advanced hypoplastic model. The Mohr-Coulomb model which was
used corresponds to its basic form, the results of calculations therefo-
re by no means compromise the abilities of the more advanced versi-
ons of the model which were used in the process of designing for the
Krélovo Pole tunnels.

By using results of the monitoring of the exploratory gallery we pro-
ved that a hypoplastic model predicts reasonable geometry of
a settlement trough even with parameters calibrated to results of labo-
ratory experiments. It is therefore suitable even for using in initial
design stages during which predictions are based only on laboratory
investigation and possibilities of a back analysis cannot be used. The
Mohr-Coulomb model predicts correctly the magnitude of deformati-
ons due to driving the gallery solely with non-realistic parameters
obtained by an inverse analysis (high E and low K;). An interesting
finding is the fact that two constitutive models which were optimised
on the data from the exploratory gallery and which yield similar pre-
dictions for this case (the hypoplastic model and the MC model for low
K, and optimised E) do not yield identical predictions for the settle-
ment trough in the case of the full tunnel profile. The hypoplastic
model predictions seem to be more credible.
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ELEKTRONICKY MANAGEMENT PROJEKTOVE DOKUMENTACE STAVBY
ELEKTRONIC CONSTRUCTION DESIGN DOCUMENT MANAGEMENT

GOTTLIEB BLAZEK

uvoD

Mnohostrannd a rozséhld stavebni dila, predev§im v oblasti
dopravnich staveb, jsou cilové projekty velkych globdlné operu-
jicich stavebnich firem, jakou je mimo jiné i Hochtief
Construction AG. Z duvodu tohoto strategického zaméfeni jsou
prioritnim klientem téchto firem stdtni investi¢ni spolecnosti
nebo velké soukromé nadndrodni spole¢nosti. Stavebni dila
v odpovidajici investi¢ni drovni jsou nejen rozsdhld, ale i velice
komplexni. Realizace téchto staveb vyzaduje vysokou kompeten-
ci zhotovitele jak v priprave, tak i v realizaci a smluvnim zabez-
peCeni projektu. Komplikovand logistika stavebnich projekta,
jakoZz i stdle krat$i doba vystavby vedou k ndro¢né koordinaci
rozsdhlé projektové dokumentace. Pouze dusledné vedeni reali-
zacni dokumentace stavby a chronologicka archivace vsech sta-
vebnich dokumentd poskytuji jak zhotoviteli, tak klientovi prav-
ni jistotu a potfebnou transparentnost.

Pro splnéni téchto cila jsou softwarovd feSeni moderniho elek-
tronického managementu pldnovani a dokumentace stavby Gcin-
nym ndstrojem, ktery umoZznuje tyto tikoly efektivné zvlddnout.

MODERNI MANAGEMENT PLANOVANI A DOKUMENTACE
STAVBY

Rostouci vyznam modernitho managementu pldnovani a pro-
jektové dokumentace vede zdkonité k nasazeni elektronickych
médii, jako jsou internet a rychlé a vysokokapacitni pocéitacové
sité. Po zralé tvaze a orientaci na trhu softwarovych producentu
se Hochtief rozhodl pro nasazeni systému EPLASS firmy SEIB
Informations Technologie Consult GmbH. EPLASS znamend
Elektronisches Planungsmanagement System Seib. Seib nabizi
nejen softwarovou licenci prizpasobenou individudlnim potfebam
projektu, ale zfizuje a provozuje po dobu stavby i potfebnou poci-
tacovou sit fungujici na principu www (World Wide Web).

INTRODUCTION

Versatile and large constructions, above all those in the field of
transportation construction projects, are terget projects for globally
operating construction companies, such as, among others, Hochtief
Construction AG. Because of strategic aims, the group of priority
clients of these companies consists of governmental investment
companies and large private multi-national companies. Construction
projects at adequate investment levels are not only extensive, but
also highly comprehensive. Implementing such projects requires
contractors who are highly competent in planning, construction and
contractual securing of the project. The complicated logistics of
construction projects and the ever-shorter periods of construction
result in the necessity for complex coordination of extensive design
document packages. Only thorough maintenance of detailed design
documentation and chronological filing of all construction docu-
ments can guarantee legal certainty and necessary transparency for
both the contractor and client. Software solutions for the modern
electronic construction plan and document management are a tool
for achieving the aims effectively.

MODERN CONSTRUCTION PLAN AND DOCUMENT
MANAGEMENT

The growing importance of plan and design document manage-
ment naturally leads to the application of electronic media such as
the Internet and high-speed computer nets. After much deliberation
and searching among software producers, Hochtief decided to use
the EPLAS system provided by SEIB Informations Technologie
Consult GmbH. EPLAS is for Elektronisches Planungsmanagement
System Seib. Seib offers not only a software licence accommodated
to individual needs of a particular project, but it also establishes and
operates a computer net required during the construction period,
which is based on the www (World Wide Web) principle.

Short and fast communication

Taiwan Highspeed Railway
Workflow THSRC auf der Weltkarte

ways must be available within the
web for the designer, checking and
approving bodies and contractors,
even for major sub-contractors if
necessary.

SEIBITC

SELECTED REFERENCE CASES
OF THE ELECTRONIC
MANAGEMENT SYSTEM USE

This system was successfully
applied by Hochtief on gigantic
projects, such as:

Taiwan High-speed Rail
Project

This is a 345km long high-speed
rail line connecting the cities of
Taipeh and Kaoshiung. The number
of passengers reaches up to 300,000
per day. The design speed is
350kph. Construction lot C250 at
a length of 40km was carried out by
Hochtief Construction AG. About
90% of the route runs on a viaduct.
The planning for bridges, tunnels,
earthmoving and steel structures
was carried out simultaneously in

Obr. 1 Poéitacovd sit’ projektu THSRC na mapé svéta
Fig. 1 THSRC Project computer network on the world map

Germany, India, England, Japan

and, of course, Taiwan.
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Kratkymi a rychlymi cestami musi byt siti propojeni jak projek-
tant, tak kontrolni a schvalovaci organy, jakoZz i zhotovitelé
a pripadné i vetsi podzhotovitelé.

Stendal Pulp Mill Project

In the north of the state of Saxony-Anhalt, Hochtief Construction
AG implemented a pulp mill project for RWE power generating com-
pany. There were 38 buildings/structures and associated utility net-
works worked on concurrently, within an 80-hectare area. The 130-
strong project team consisted of test engineers, designers, architects
and client’s representatives having their seats in the German states of
Saxony-Anhalt and Hessen, and in Sweden. All of them were inter-
connected via the net.

VYBRANA REFERENCNI NASAZENI ELEKTRONICKEHO
MANAGEMENTU

S dspéchem byl tento systém nasazen firmou Hochtief na obfich
stavbach, jako jsou:

Projekt Tchaj-wan Highspeed Rail

Jednd se o rychlodrdhu o celkové délce 345 km spojujici mésta
Taipeh a Kaoshiung. Pocet cestujicich dosahuje az 300 000 denné.
Nadvrhova rychlost 350 km/h, 40 km dlouhy tusek, stavba C250
byla zhotovena firmou Hochtief Construction AG. Celkem 90 %
useku tvorii estakdda. Planovdni mostu, tuneli, zemnich praci
a ocelovych konstrukei probihalo soucasné v Némecku, Indii,
Anglii, Japonsku a samozfejmé i na Tchaj-wanu.

ICE Ingoistadt-Nuremberg high-speed rail

Hochtief participated in the project for the InterCity Express (ICE)
line between the cities of Ingolstadt and Nuremberg, which was reali-
sed in 1998 — 2003, by building three tunnels, i.e. the 7260m long
Irlahiill tunnel, 7700m long Euerwang tunnel and 650m long
Schellenberg tunnel. In addition, the contract contained escape and res-
cue galleries at a total length of 7000m. The detailed design package

Projekt Stendal Pulp Mill

V severni Cdsti zemé 24 Workllow Subdesigner HT-Indis - Yersion 3
Sachsen-Anhalt realizoval ST - T b Sl P

Hochtief Construction AG [ 0 g K e T e L1
pro energetickou spolecnost ELEB-HT4nda
RWE tovdrnu na vyrobu [ET] WIE Dweleng THERC

celul6zovych vlaken na pro-
dukeci papiru. Na 80 hekta-
rech plochy bylo soucasné
stavéno 38 stavebnich objek-
tu a prislusnd infrastruktura.
ZkuSebni inZenyfi, projektan-
ti, architekti a investofi se
sidlem v zemich Sachsen-
Anbhalt, Hessen a ve Svédsku
predstavovali tym Citajici az
130 spolupracovniki propo-
jenych siti.
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se zucastnil Hochtief stavbou
tfi tunelu. Tunel Irlahiill
o délce 7260 m, tunel
Euerwang o délce 7700 m
a tunel Schellenberg o délce
650 m. K projektu patf{
i unikové a zdchranné Stoly
o celkové délce témér
7000 m. Jenom realizacni
dokumentace stavby obsaho-
vala kolem 10 000 plénu
a dokumenta. ZkuSebn{ inZe-
nyfi méli sidlo v Aachen, sta-
tici v rakouském Linci, pro-
jektanti ve Frankfurtu, inves-
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Obr. 2 Priklad Workflow ve forme sitového grafu
Fig. 2 An example of the Workflow in the form of a flow chart
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18 vanovych staveb, ti{ hloubenych
tunelt a jednoho raZzeného tunelu.
Projekt se nachdzi ve stadiu realiza-
ce a je to v souCasné dobé nejvetsi
rakouskd stavba. Objemy jako
750 000 m> betonu, 80 000 tun
oceli, 9 miliond m? zemnich praci
splnit za pouhé tfi roky doby
vystavby hovofi samy za sebe.
Zvladnout takovouto logistickou
dlohu vyZaduje organizované pla-
novani za podpory moderniho elek-
tronického managementu.

PPP Projekt dalnice A4,
obchvat Hérselberg
v Tlringen

Celkem 45 km dédlnice mezi
Werrabriicke a Waltershausen pred-
stavuji pro francouzsko-némeckou
spole¢nost Via Solution Tiiringen
GmbH & Co.KG, jejiz ucastnikem
je Hochtief Construction AG,
2,3 milionu kubiku zeminy, 1 mili-
on m? §térku, 200 000 m? betonu,

inZenyrské stavby jako 23 mosta
a jeden veliky ddolni most.
Giganticky stavebni vykon. Kon-
cesiondrskd spole¢nost bude tuto
stavbu refinancovat z pfijma z mytného aZ do roku 2037. I tento
ukol je bez moderniho managementu pldnovdni a dokumentace
stavby v daném terminu prakticky nesplnitelny.

Obr. 3 Workflow v praxi
Fig. 3 The Workflow in practice

FUNKCE MANAGEMENTU PLANOVANI A DOKUMENTACE
STAVBY, DEMONSTROVANO NA PROGRAMU EPLASS

Vsechny pléany a dokumenty, které mohou mit az 200 raznych
formadta, precte integrovany Viewer IMAGENATION a zaloZi do
systému. Podle statusu pldnu pridéli EPLASS dokumentaci auto-
maticky prislusnym zkuSebnim mistim. Pomoci internetu jsou

itself comprised about 10,000 drawings and documents. The test engi-
neers had their seat in Linz, Austria, designers in Frankfurt, the client
in Nuremberg, while the site facility was in the small town of Kinding,
Bavaria. The seat of the net manager was in the town of Wiirzburg. All
of the parties were connected to the common network of the electronic
design document management.

Ypsilon PPP project - section found north-east of Vienna,
running toward Brho

The project comprises S1km of a motorway route, 76 bridges, 18
tanks, three cut-and-cover tunnels and one mined tunnel. The project
is in the construction stage.
Currently it is the largest con-
struction project in Austria.
The performance volumes

such as 750,000 m? of concre-
te, 80,000 ton of steel, 9 milli-

on cubic metres of earthmo-
ving to be carried out during

a mere three years speak for
themselves. Coping with such
a logistical task requires orga-
nised planning supported by
a modern electronic manage-
ment system.

A4 Motorway PPP
project — Horselberg
bypass, Thuringia

For the French-German
company Via Solution Ti-
ringen GmbH & Co.KG, in
which Hochtief Construction

AG is a partner, the total

length of 45km of the motor-
way between Werrabriicke and
Waltershausen represents 2.3

||I|I‘ {‘

million cubic metres of earth-
moving, 1 million m® of gra-

vel, 200,000 m’ of concrete,

Obr. 4 Priklad pripominky formou Redlining
Fig. 4 An example of a note in the redlining form

civil engineering structures
such as 23 bridges and one



vSichni ztGéastnéni napojeni na jednu komunikaéni centrdlu.
Prenos dat je zajiStén pomoci specidlnich kédovacich mechanismu
systému Lotus Notes.

Jak zkuSebni inZenyTi, tak i vSichni ostatni Gcastnici procesu
mohou do pldnd a dokumentt nahlédnout. Podle statusu pldnu
jsou v prislusném  stadiu  prubéhu  pripominkového
a schvalovaciho procesu definovani tucastnici autorizovdni
k pozndmkdm a pfipominkdm pfimo na dokumentu. Tento zdznam
(tzn. Redlining) se uskute¢ni na k planu pfifazenych transparent-
nich rovindch (Layer). Kromé toho mé kazdy autorizovany tcast-
nik k zdznamu prifazenu vlastni barvu.

Prubéh pripominkového a schvalovaciho procesu je po dohodé
s investorem, zhotovitelem a provozovatelem systému pevné
zakotven v preddefinovanych krocich (tak zvany Workflow).

Tento prubéh je zdvazny a nemuze jej nikdo kromé administra-
tora zménit. Podle toho, jak pldn postupuje jednotlivymi instan-
cemi a vraci se po probéhlych zkuSebné-pripominkovych kolech,
obdrzi automaticky pfislu§ny index a status. V seznamech
a listech systému Eplass obdrzi potom fddek kédovaného ozna-
Ceni ¢&isla planu (prilohy dokumentace) jednoznacnou identifi-
kacni barvu. Pouze po uzavieném kole, do kterého nemohou
ostatni tcastnici zasdhnout, obdrzi dokument dals{ statutdrni stu-
peni. Terminy na pripominkovédni jsou predem definované.
V piipadé prekroceni termini vysild systém autorizovanému
inZenyrovi varovnd hlaSeni. Terminy nacteni a data zdznamu
nelze svévolné ménit.

Kromé prdva autorizovanych zkuSebnich inZzenyru k zdznamu
pfipominek do dokumentu jsou tito oprdvnéni pldn odmitnout
a vratit zpét k prepracovéani. V pripadé akceptace je pldn véetné
navésenych dokumentu postoupen dal.

O postupu plianu je automaticky veden protokol s datem
a hodinou kazdého kroku. Tento protokol nelze editovat, ale je
k dispozici v8em tcastnikiim fizeni jak k nahlédnuti, tak i k tisku.

Po uzavieném pripominkovém fizeni pfevezme projektant
Redlinings a zhotovi
Cistopis. Po projiti za-

@t—'l'ﬂ i Undwrschorifllews Hislore < 15 Lotus Sates
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large-span valley bridge. What a gigantic performance. The concessi-
onaire will re-finance this project from toll revenues till 2037. Nor this
task can be accomplished on time without modern plan and document
management.

PLANNING AND PROJECT
DOCUMENTATION MANAGEMENT FUNCTIONING: DEMON-
STRATED ON EPLASS PROGRAM

All drawings and documents, which may be carried out in up to 200
various formats, are read by integrated Viewer IMAGENATION and
stored in the system. EPLASS automatically assigns documents accor-
ding to the particular drawing status to particular auditing locations.
All the project participants are connected to a communication centre
via the Internet. The transfer of data is safeguarded by a special Lotus
Notes encryption.

The checker and the other participants in the project can view the
drawings and documents. According to the drawing status, the partici-
pants are authorised in the respective stages of the consultation and
approving process to add their notes and comments directly in the
document. This record (so-called Redlining) is made on transparent
layers assigned to the drawing. In addition, each authorised participant
has his own colour assigned for the record.

The course of the consultation and approving process is agreed by
the client, contractor and system operator and firmly incorporated in
the workflow.

This course is binding and cannot be changed by anybody, excepting
the administrator. As the workflow proceeds through individual instan-
ces and returns after the testing and commenting rounds are comple-
ted, it automatically receives a relevant index and status. In the
EPLASS indexes and lists, the line with coded marking of the drawing
number (documentation annexe number) is then assigned an unambi-
guous identification colour. Another statutory degree receives the
document only after the round, which cannot be affected by the other
participants, is closed. Deadlines for comments are predefined. The
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Obr. 5 Protokol o pritbéhu schvalovdni
Fig. 5 A record of the approving process
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The progress of the drawing is auto-
matically recorded, including the date
and hour of each step. The record can-

.8 e e —r—— i not be edited. It remains available for
At 183 My Sttt -'G‘E- | | all participants in the process both for
iy W — m amm [t viewing and printing.
i b il i . R When the consultation process is
v | dsmstrects W sy - npente closed, the designer takes over the red-
0 Haohenplan - BW 71282 G linings and pr%:pares the fair copy.
Wirtschaffsweg (km 84,065 - 84.150) p When the final round of the fair copy is
— ] . e ‘ passed, the drawing is automatically
1.:._1.;",""“ - 11 B . E assigned the final index and the “ready
'_-'.;-‘;;i'-_";-;u.:.q-; il EH?MLI D TTTIOTTT 6 18] :ﬂa Bk I‘alﬁ.l for construction” status.
A H A-DB -F1-71 -787 _35 _001- 00 The electronic signature of the res-
tWiTRw] Gwnw ] &7 | Faw g. pective instance is made automatically
a _—_—r in the electronic form both in the sys-

Obr. 6 Podpisy schvalovacich orgdnii v rohovém razitku
Fig. 6 Signatures of approving bodies in a title block

tisku v rohovém razitku vyti§tény pouze ty podpisy, které byly
dosud elektronicky realizovany.

Kromé toho je kazdy stupen (index) nezavisle archivovan, coz
umoznuje sledovéani vSech i zavrhnutych verzi projektové doku-
mentace. Systém umoZiuje i propojeni pldnu s piislusnymi kryci-
mi listy, zprdvami, znaleckymi posudky a dal§imi dokumenty.

Na zdkladé dasledného sledovani postupu (Workflow) je auto-
maticky mozné grafické vyhodnoceni pldnovanych a skute¢nych
terminu.

Systém nabizi ruznd rozhrani k programam MS Office, jako je
Excel, Word, ale i k formatu Ascii.

Konsekventni evidence dokumentace nabizi jednoduché a rych-
1¢é zhotovené dokumentace skute¢ného provedeni stavby.

DATOVA MNOZSTVI

Dosavadni praxe prokdzala, Ze mohou byt prendSena rychle
a spolehlivé prostfednictvim internetu i velikd mnozstvi dat.

U dvou z v tomto ¢ldnku jmenovanych projektu jsou to napfi-
klad:

170 000 pldnt a dokumentu u projektu Tchaj-wan High Speed
Railway s kapacitou 169 GB.

U projektu Stendal Pulp Mill je to cca 32 000 pldnu
a dokumentu s kapacitou 45 GB.

VYHODY, KTERE MLUVI PRO ELEKTRONICKY
MANAGEMENT
Vyhody a dspory ndkladu:
e Hlavni dspory nékladu lezi ve vyrazném snizeni spotieby
papiru a sniZeni vydaju na reprodukci a mnoZeni dokumentd.
* Odpadaji ndklady na posStovné, sluzZebni cesty a transport.
* Redukuje se nasazeni spolupracovnikl na evidenci a sledo-
vani postupu dokumentace.
e Odpadaji chyby a nesrovnalosti zpusobujici dodate&né
naklady.
* Moznost zvlddnuti komplexnich Workflows.
e Piimy pristup k projektové dokumentaci, statice a pfipomin-
kdm kdekoli na svété.
 Automaticky management termina.
* Problémy z davodu opoZdéného pldnovani, nebo opozdéného
schvéleni dokumentace jsou v¢as rozpozndny.
e V&asné zavedeni korigujicich opatfeni.

tem and, at the same time, on the res-
pective layer in the pre-defined location for the title block.

Depending on the workflow, places for signatures of individual
bodies are reserved on the drawing.

The list of the bodies may comprise a test engineer specialised in the
structural analysis, test engineer specialised in the structure and adhe-
rence to tender and contract conditions, consulting engineer’s supervi-
sor, individual components of client’s office dealing with both the ope-
ration and construction, including higher-rank bodies. Depending on
the status in which the drawing is found, only the signatures which
have been made electronically appear in the title block when the dra-
wing is printed.

In addition, each index is independently filed, which makes monito-
ring of all versions of design documents possible (including the rejec-
ted ones). The system also makes connecting the drawings with res-
pective cover sheets, reports, expert opinions and other documents
possible. Fig. 7

It is possible automatically to assess the planned and real deadlines
graphically on the basis of consistent monitoring over the workflow.

The system offers various interfaces for MS Office programs, such
as Excel, Word, but also the Ascii format. .

Consecutive filing of documents allows simple and quick preparati-
on of as-built documentation.

DATA VOLUMES

The past practice proved that even large volumes of data could be
transmitted quickly and reliably via the Internet.

For example, regarding the two above-mentioned projects, there were:

170,000 drawings and documents in the case of the design for the
Taiwan High Speed Railway, with the capacity of 169 GB;

About 32,000 drawings and documents with the capacity of 45 GB
in the case of the design for the Stendal Pulp Mill.

ADVANTAGES SPEAKING IN FAVOUR OF ELECTRONIC
MANAGEMENT

Advantages and cost savings:

* The main cost savings are found in the significant reduction in
consumption of paper and reduction in expenditures on document
reproduction and copying.

* Expenditures on postage, business trips and transport are avoided.

 The workload of fellow-workers carrying out the filing and moni-
toring over the designing process is reduced.

e Errors and imperfections causing additional costs are avoided.

* A capability of coping with comprehensive Workflows

* A direct access to drawings, structural analysis and comments any-

where in the world
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Obr. 7 Ukdzka struktury dokumentu v seznamu objektu
Fig. 7 An example of the structure of documents in a list of structures

e Integrace vykonného Viewer.

e Piimé spojeni pripominek s dotéenou dokumentaci (Red-
lining).

e Zobrazeni statusu pldnu automaticky pfimo na vytisku.

e Vizualizace statusu automaticky v prehlednych seznamech.

e Centrdlni sprdava adres.

e Strukturovand evidence a archivace.

Moduly stavby:

e fotodokumentace,

e vedenf{ stavebnich deniku,

« vedeni protokoltu a seznamu nedostatku.

ZAVER

Po dosavadnich mnohaletych zkuSenostech se systémem elek-
tronického managementu planovdni a dokumentace stavby lze
tyto systémy jenom doporucit. Primé dspory vyplyvajici
z elektronického managementu jsou mozna vyvazeny ndklady na
licenci a provoz systému. Zdaleka nezanedbatelné dspory jsou
ale bezesporu dspory nepfimé, vyplyvajici z vyhod systému.

Stavba mé naprosto neomylné k dispozici vidy posledni
a platnou verzi projektové dokumentace. TotéZ plati pro investo-
ra a dozor stavby.

Pfi manudlnim managementu RDS neni vyjimkou, Ze zmény
a ruzné verze projektové dokumentace, jakoZ i nedasledné vede-
ni zménovych indexd vedou k omylim v realizaci. Ndsledné
sanace nebo pripadné casové skluzy vedou k ndkladim, které
mohou byt citelné.

e Automatic schedule management. Problems caused by delays in
schedules or delayed document approvals are identified in time.
Timely introduction of correcting measures.

e Integration of the efficient Viewer

* Direct connection of comments with the respective documents (the
Redlining)

* The drawing status display available directly on the printed copy

* Visualisation of the drawing status automatically in well-arranged
lists

* Central address management

e Structured records and files

Project modules:

* Photodocumentation

* Keeping records in construction logs

* Maintaining records and snagging lists

CONCLUSION

With the past many years’ experience with the electronic planning
and design document management, it is possible to recommend these
systems. Direct savings following from the electronic management
may be counterbalanced by the cost of the licence and the system ope-
ration. Nevertheless, the indirect savings following from the system
advantages are undoubtedly non-negligible.

No error is possible on the construction site because there is always
the latest and valid version of plans available to the contractor, client
and client’s supervisor.

It is not exceptional in the case of the manual detailed design manage-
ment that changes in design documents and various versions of drawings,
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Pokud dojde ke sporim nebo dokonce k arbitrdZznimu fizeni, je
predstaveny systém nestrannym svédkem pribéhu pldnovéani
a schvalovéni a dodd cenné dokumenty, které nelze zpochybnit.

Zavedeni elektronického systému managementu pldnovani
a dokumentace stavby je nejen v zdjmu zhotovitele, ale prede-
v§im v zdjmu investora. UrCité neni ndhodou, Ze napr. nejveétsi
investor ve Spolkové republice, Némeckd drdha, nasazeni systé-
mu Eplass predpisuje jiz v zaddvacich podminkédch. Provoz
a licenci systému financuje v té€chto pripadech investor a ndklady
jsou souddsti investi¢nich ndkladu.

Predevsim velké projekty, jakou jsou koncesiondrské PPP pro-
jekty, vyzaduji v dusledku provézanosti a komplexnich staveb-
nich procest efektivni sledovdni a evidenci, které dnes bez
moderniho elektronického managementu neni myslitelné.

V Ceské republice jsou rozestavény a pripravoviny stavby,
které se neomezuji na zaddni po vyznamnych objektech, ale jsou
vypisovany najednou celé velké dseky stavby, jako je tomu napr.
u ddlni¢niho okruhu kolem Prahy. Zde je na jednom dseku kumu-
lovdno velké mnoZstvi stavebnich objektu a provoznich soubora.
Jejich koordinace a projektovd priprava podle ¢asového harmo-
nogramu pomoci elektronického managementu by umozZnila opti-
malizaci stavebnich postupt a ve svém dusledku i zkraceni doby
vystavby. Elektronické sledovani koordinace na rozhrani jednot-
livych objektu by dalo raddm sdruzeni firem do ruky efektivni
podklad pro fizeni stavby.

S vyhledem do budoucnosti a pohledem na pripravované pro-
jekty, jako je prodlouzeni trasy A metra na leti§té Ruzyné, jakoz
i dal$i obrovské drdzni projekty, by stdlo za zamysleni, zda by
nebylo zavedeni elektronického managementu pldnovani
a dokumentace stavby pfinosem pro oblast rozvoje infrastruktury.

DIPL.-ING. GOTTLIEB BLAZEK,
gottlieb.blazek@hochtief.de,
HOCHTIEF CONSTRUCTION AG, Némecko

Recenzoval: Ing. Pavel Sourek

Tuel

as well as inconsistent maintenance of change indexes result in con-
struction faults. Subsequent repairs or possible delays lead to expenditu-
res, which may be painful.

If disputes or even arbitration proceedings take place, the system
introduced in this paper is an unbiased witness of the course of the
planning and approving process, and provides valuable documents
which cannot be cast doubt on.

The introduction of the electronic planning and design document
management system is beneficial not only for the contractor but, first
of all, for the client. It is certainly no accident that, for example,
German Rail, the largest employer in the Federal Republic of
Germany, prescribes in tender conditions that EPASS must be used.
The operation of the system and the system licence is financed by the
client in these cases, and expenses are part of investment costs.

As a result of mutual interconnection and comprehensiveness of
construction processes, large projects above all, such as concession
PPPs require effective monitoring and recording, which is today unt-
hinkable without modern electronic management.

There are projects under construction and projects under preparation in
the Czech Republic for which contracts are not limited to main structures.
Tenders are called for complete large sections of the projects, for example
the Prague City Ring Road. A single section of this project encompasses
a large number of structures and operating units. Their coordination and
design planning according to a time schedule using an electronic manage-
ment system would make optimisation of construction processes possible,
even resulting into reduced construction times. Electronic monitoring of
the coordination at the interface between individual structures would equip
consortium boards with an basis for effective construction management.

With respect to the future and currently prepared projects, such as
the metro line A extension toward the Ruzyne airport or other large
railway projects, it would be worth considering whether the applicati-
on of the electronic plan and documentation management would be
beneficial for the sphere of infrastructural development.

DIPL.-ING. GOTTLIEB BLAZEK,
gottlieb.blazek@hochtief.de,
HOCHTIEF CONSTRUCTION AG, Germany
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Z HISTORIE SILNICNIHO OKRUHU KOLEM PRAHY
FROM THE HISTORY OF THE PRAGUE CITY RING ROAD

JIRI SVOBODA

uvoD

Automobilova doprava ve méstech je jevem, ktery s pribyva-
jicimi polty vozidel a s ndrustem provozu stile vice ovliviiuje
nejen zivot obyvatel, ale i Zivotni prostiedi. To plati také pro hlav-
ni mésto Praha. V automobilové dopravé celého regionu Ceské
republiky zaujimé hlavni mésto Praha velmi specifické postaventi,
které se projevuje nadpramérné vysokymi intenzitami dopravy
ve srovndni s jingmi Ceskymi mésty.

Od roku 1991 roste pocet automobilt a intenzita automobilové
dopravy v Praze takovym tempem, které nemd (s vyjimkou mést
v byvalé NDR) v Evropé obdoby. PretiZzeni komunikacni sité
nemd jiZz pouze bodovy charakter, ale ma prakticky charakter
celoplosny. Dochdzi k pravidelnym dopravnim kongescim nejen
v centru mésta, ale i na fadé mist v celé komunika¢ni siti mésta.
KaZdodenni n¢kolikahodinové dopravni zdcpy se tvori i na nejka-
pacitnéjSich komunikacich, napf. na Barandovském mosté, Jizn{
spojce a dalSich.

Silni¢ni okruh kolem Prahy (ddle jen SOKP) je jednou
z nejvyznaénéjSich dopravnich staveb hlavniho mésta Prahy
a také StredoCeského kraje. Po svém dokonceni bude jednou
z dopravné nejzatizen&jsich tras v Ceské republice.

SOKP je souddsti sité silnic a ddlnic Ceské republiky schvilené
usnesenim vlddy CR &. 741 ze dne 21. 7. 1999 a je v souladu
s Uzemnim planem hlavniho mésta Prahy schvalenym zastupitel-
stvem hlavniho mésta Prahy usnesenim ¢. 10/5 ze dne 9. 9. 1999.
Silni¢ni okruh kolem Prahy je také soucdsti 4. multimoddlniho
koridoru sité TEN-T.

Celéd trasa SOKP je nyni pfipravovdna a realizovdna v kategorii
S, tedy jako silnice I. tiidy I/1. Sitkové uspofadani je 27,5/100
respektive 34/100 (smérové rozdélené komunikace s parametry
blizkym pro rychlostni komunikaci). Reseni je prizpusobeno pre-
vddéni provozu pii opravdch do jednoho dopravniho sméru
pfi zachovdni{ dvou jizdnich pruha v kazdém sméru. SOKP podlé-
héd vykonovému zpoplatnéni.

Stavba celého silni¢niho okruhu kolem Prahy je rozdélena do
dseku oznacenych jako SO 510 az SO 520.

Tab. Soucasné rozdéleni silni¢éniho okruhu kolem Prahy na jednotlivé tiseky

INTRODUCTION

Urban automobile traffic is a phenomenon which, with the num-
bers of vehicles increasing and traffic density growing, ever more
influences lives of citizens and the living environment. This also
applies to the capital, Prague. In terms of automobile traffic within
the entire region of the Czech Republic, Prague holds a very spe-
cific position, which manifests itself through above-average traffic
flow volume compared with other Czech cities.

Since 1991 the numbers of automobiles and the traffic flow
volume grow in Prague at a rate which has no equivalent in Europe
(with the exception of cities in the former German Democratic
Republic). Excessive traffic flow density does no more take place
only in isolated points; it exists all over the area. Traffic congesti-
ons occur regularly not only in the centre of the city but also in
many locations throughout the city’s road network. Daily repea-
ting, several hours lasting traffic congestions develop even on the
highest capacity roads, such as for example the Barrandov bridge,
Southern Connection Road etc.

The (outer) Prague City Ring Road (hereinafter referred to as the
PCRR) is one of the most important projects for transportation not
only in the capital, Prague, but also in the Central Bohemian
Region. Once completed, it will become one of the routes carrying
the highest traffic flow volumes in the Czech Republic.

The PCRR is part of the network of roads and motorways in the
Czech Republic which was approved through the Decree No. 741
of the Government of the Czech Republic dated 21 July 1999. It is
in line with the Land Use Plan of the Capital City of Prague, which
was approved by the Prague City Council through the Decree No.
10/5 dated 9 September 1999. In addition, the Prague City Ring
Road is part of the 4th multimodal corridor on the TEN-T network.

The entire PCRR route is currently being prepared and con-
structed as an S-category road, class I/1. The width arrangement is
27.5/100 or 34/100 (a dual carriageway with the parameters close
to fast highway parameters). The design is accommodated to the
need to divert traffic during repairs to one of the carriageways,
with two traffic lanes available for each direction. The use of the
PCRR is subject to mileage toll charging.

Table Current division of the Prague City Ring Road into individual construction lots

Cislo tiseku / Lot No. Umisténi / Location Stav / Condition Délka [km] / Length [km]
SO 510 Satalice—Béchovice V provozu 1. etapa od roku 1984
2. etapa od roku 1993 4100
Satalice—Béchovice Operation: Stage 1 since 1984
Stage 2. since 1993
SO 511 Béchovice—ddlnice D1 V priprave / Under preparation 12 571
Béchovice—motorway D1
SO 512 Dilnice D1-Vestec SoD podepsdna v 2008 / Contract award 2008 8570
SO 513 Vestec—Lahovice Ve vystavbé od 2006 / Under construction since 2006 8337
SO 514 Lahovice—Slivenec Ve vystavbé od 2006 / Under construction since 2006 6 030
SO 515 Slivenec—Ttebonice V provozu od roku 1983 / Operating since 1983 7200
SO 516 Tfebonice—ﬁepy V provozu od roku 2000 / Operating since 2000 3500
SO 517 Repy—Ruzyné V provozu od roku 2001 / Operating since 2001 2503
SO 518 Ruzyné—Suchdol V priprave / Under preparation 9 401
SO 519 Suchdol-Brezinéves V pripravé / Under preparation 6 630
SO 520 Brezinéves—Satalice V priprave / Under preparation 13 709
Celkova délka SOKP / Total PCRR length 82 787 km




18. rocnik - €. 4/2009

The entire Prague City Ring Road
project is divided into sections — con-
struction lots SO 510 through SO 520.

THE PCRR HISTORY

First mentions of a ring road around
Prague (then called the Prague
Motorway Ring) are dated from the
1930s, i.e. from the time during which
the history of motorways in our state
(then Czechoslovakia) started.
Designers developed the idea of crea-
ting a motorway ring around the capi-
tal. The objective was to divert the
transit transportation which would
develop after the completion of plan-
ned motorways in Bohemia, all of
which were to lead through Prague
(routes toward Ceské Budé¢jovice,
Plzen, Brno, Hradec Kralové, Usti nad
Labem).

The route of the ,,Prague Motorway
Ring®” was in many aspects similar to
the route of the today’s PCRR. For
example, the alignment passing
through Suchdol was counted with
even then, and a bridge over the Vltava
River was planned for virtually the
same location as the current bridge is
to be built.

The following two variants of the
road circle around Prague were follo-
wed after the 1939 occupation,

Silnicni okruh kolem Prahy i.e. during the period in which German
The (outer) Prague City Ring Road authorities took over the control over

the development of motorways within
HISTORIE SOKP our territory:

Prvni zminky o silniénim obchvatu kolem Prahy (tehdy nazyva- Variant 1, the design which was similar in many aspects to the cur-
ného Prazsky dalnicovy okruh) jsou jiz z 30. let 20. stoleti, tj. rent notion of the ring road alignment, namely in the Suchdol area.
z obdobi vzniku historie dédlnic na naSem (tehdy Ceskosloven- Variant 2, the so-called German-tangential variant, which was for
ském) dzemi. Projektanti se zabyvali myslenkou vytvoreni okruz- the first time mentioned at the end of 1939. The Lovosice-Ceské
ni délnice kolem hlavniho mésta. Cilem bylo odklonéni tranzitni Budéjovice or Plzen-Néchod directions are given preference in this
dopravy, vzniklé po dokon&eni planovanych ddlnic v Cechich, variant.
které mély vést viechny pfes Prahu (tahy do Ceskych Budgjovic, The German variant was preferred during the occupation.

Plzné, Brna, Hradce Krdlové, Usti
nad Labem).

»Prazsky ddlnicovy okruh® mél
v mnohém podobnou trasu jako dnes-
ni silni¢ni okruh SOKP. Napr.
i tenkrdt se pocitalo s vedenim délni-
ce pres Suchdol a s mostem pres
Vltavu na tplné stejném misté, jako
ma vyrust ten soucasny.

Po okupaci v roce 1939, tj.
v obdobi ve kterém dohled nad
vystavbou ddlnic na naSem udzemi
prevzaly némecké drady, byly sledo-
vdny dvé varianty vedeni okruhu
kolem Prahy:

1. varianta, tzv. Ceskd, jejiz prove-
deni se v mnohém podobalo dnesni
predstavé o realizaci okruhu, zejmé-
na v oblasti Suchdola.

2. varianta, tzv. némeckd — tangent-
ni, kterd byla poprvé zminéna na
konci roku 1939. V tomto ndvrhu
jsou preferoviny sméry Lovosice
—Ceské Bud&jovice, resp. Plzei
—Naéchod.

V dob¢ okupace byla uprednostiio-
vdna tzv. némeckd varianta.

Projek¢ni prace na prazském okru- 1931 — Ndvrh arch. Krejcara
hu i naddle probihaly. Za zminku 1931 — Design draft by Arch. Krejcar
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The work on the design for the
Prague circle road continued.
Worth mentioning is above all the
assumed bridge over the Vltava
River near the district of Zlichov.
Stacked configuration was desig-
ned for this structure, with two
normal motorway carriageways,
two roadways for local automobi-
le traffic, two cycle lanes,
a central reservation and a two
metres wide shoulder on the upper
level. The lower level of the brid-
ge was to carry a railway track,
two pedestrian pavements and
a planned Prague urban railway
(metro).

All efforts to implement the
projects were killed on 30 April
1942. As a result of coercion by
German authorities, all construc-
tion work on motorways in our
country (including the road ring)
was stopped. The ban was in
force until the end of the war. In

1939 — Ndvrh ing. arch. Krise
1939 - Design draft by Ing. Arch. Kris

stoji zejména predpoklddané premosténi Vltavy u Zlichova. Pro
tuto stavbu byl zvolen patrovy most, ktery mel v hornim patfe dvé
normdlni vozovky délnice, dvé vozovky pro mistni automobilo-
vou dopravu, dvé cyklistické stezky, stfedni délici pruh a dva
metry Sirokou krajnici. Ve spodnim patfe mostu se méla nachdzet
Zeleznice, dva chodniky pro pési a planovand prazska rychlodra-
ha (metro).

Veskeré snahy o realizaci projektu byly zmafeny 30. dubna
1942. Na nétlak fi§skych dradu byly zastaveny veskeré realizac-
ni prdce na délnicich na naSem dzemi (véetné okruhu). Tento
zdkaz platil az do skonceni vdlky. Prakticky se projekéni price
zastavuji aZ v roce 1943.

Realizace stavby nebyla nikdy zahdjena a nové projekcni prace
byly obnoveny az v 60. letech. Teprve v roce 1958 bylo rozhod-
nuto o opétovné vystavbé ddlnic na
tizemi tehdejsiho Ceskoslovenska

practice, the design work was
suspended later, in 1943.

The implementation of the pro-
ject never started; design work
was renewed as late as the 1960s. Only in 1958 was the decision
made that the construction of motorways in former
Czechoslovakia would resume. The long-term concept of deve-
lopment and configuration of the motorway network in our terri-
tory was approved by a Decree of the Government of the CSSR in
April 1963. Among others, the concept comprised the constructi-
on of a ring road around Prague.

In the 1960s, when motorways in the socialist republic again
started to be taken into consideration, the motorway ring project
was renewed. The only problem was that Prague had significantly
spread out, therefore it became absolutely impossible to construct
the ring road according to the original designs.

The basic Prague road system (so-called ZAKOS), containing
also the Prague City Ring Road, was designed at the beginning of
the 1970s.

a v dubnu 1963 byla usnesenim vlady
CSSR schvilena dlouhodobd koncep-
ce rozvoje a usporadani délniéni sité
na naSem Uzemi, kde bylo pocitdno
i s vystavbou silniéniho okruhu kolem
Prahy.

V 60. letech, kdy se v socialistické
republice s ddlnicemi zacalo opét
pocitat, byl obnoven i projekt délnic-
niho okruhu. JenZe béhem desitek let
meskéni se Praha vyznamné rozrostla
a stavét okruh podle puvodnich pro-
jektt uz bylo absolutné nemozné.

Zacatkem 70. let byl zpracovan
Zékladni komunikacni systém hlavni-
ho mésta Prahy, jehoZ souddsti byl
prazsky okruh.

PROVOZOVANE, DOKONCENE
STAVBY SOKP

Stavba 510 Satalice-Bé&chovice
Prvnich pdr stovek metri prazského
okruhu vzniklo jen diky vystavbé R10
do Mladé Boleslavi. Usek 510 byl
rozdélen do dvou etap. V 1. etapé byl

postaven tsek D11-Chlumecka. Jednd 7943 — Ndvrh pldnovaci komise hl. m. Prahy
se o usek délky 1.4 km kategorie 1943 — Design draft submitted by the Planning Committee of the City of Prague
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OPERATING, COMPLETED
CONSTRUCTION LOTS OF THE
PCRR

Construction lot 510
Satalice-Béchovice

The initial several hundreds of
the ring road originated only owing
to the construction of the R10 fast
highway to Mladd Boleslav. Lot
510 was divided into two stages.
The D11-Chlumeckd section was
built in the stage 1. This S34/100
roadway category, 1.4km long sec-
tion links the D11 motorway to
Chlumecka Street at the connection
of the road I/10 or R10. The con-
struction was commissioned as
early as 1984. The second section,
from the D11 grade-separated inter-
section (GSI) near Horni PocCernice
to Béchovice, was opened to traffic
in 1993. The section ends behind
the Béchovice grade-separated
intersection with the road 1/12,
where it fluently links to the Stér-

1974 — ZAKOS
1974 — ZAKOS

S 34/100, ktery zajiStuje napojeni ddalnice D11 na Chlumeckou
ulici v misté napojeni I/10, resp. R10. Stavba byla ddna do pro-
vozu jiz v roce 1984. Druhy tsek od MUK DI1 u Hornich
Pocernic do Béchovic v délce 2,7 km byl ddn do provozu roku
1993. Usek kon&i za mimotiroviiovou kiiZovatkou Béchovice se
silnici I/12, kde se plynule napojuje na Stérboholskou radialu.

Stavba 515 Slivenec-Ti'ebonice

Na druhém konci Prahy vznikla také ¢ast okruhu a také jen
diky ddlnici, v tomto pfipadé D5. Zde totiZ bylo nutné propojit
ddlnici D5 s ddlnici DI, jinak by doprava projizdeéla pres
Smichov. Jizni ¢4st okruhu nebyla postavena celd, ale pouhych
6,5 km do Slivence. Jednd se o Ctyfproudovou sméroveé rozdéle-
nou komunikaci v kategorii S 26,5/100, kterd v mimoudrovinové
kfizovatce Trebonice navazuje na trasu dédlnice D5 a Radlickou
radidlu a na opa¢né strané navazuje na MUK, kterd byla vybudo-
védna na silnici 1I/600/ nyni MK K Barandovu. Tato méstska Ctyi-
proudova komunikace vede pres barrandovské sidli§té aZ k Bar-
randovskému mostu a od mostu dale na tzv. Jizni spojku.
Namisto toho, aby byla tranzitni doprava odklonéna mimo mésto,
byla pouze posunuta do jinych ¢asti Prahy.

Dva kilometry na vychodé a Sest a pul na zdpadé — v této podo-
bé fungovalo torzo okruhu az do pol. 90. let.

AzZ teprve v novém tisicileti byly ddany do provozu dal$i dva
useky prazského okruhu, pro zménu na zdpadnim okraji Prahy.

Stavba 516 Tfebonice-Repy

Usek silnice v délce 3,5 km byl uveden do provozu v srpnu
2000. Je kategorie S 34/100, navazuje na dfive vybudovanou
stavbu 515 v MUK Tfebonice. UmoZnuje propojeni SOKP
s Radlickou radidlou a s ddlnici D5 Praha—Plzen a kon&i na MUK
Repy, kde SOKP umoznuje napojeni na silnici 1/6. V prosinci
2008 byla tato MUK doplnéna o napojeni na nové budovany
rychlostni isek R6 Praha—Pavlov.

Stavba 517 Repy-Ruzyné

Usek 517 byl slavnostné otevien 29. 10. 2001. Tento 2,5 km
dlouhy usek kategorie S 34/100 umoznuje bezkolizni propojeni
délnice D5 se silnici R/7 na Slany.

Doposud jsou dokonéeny tseky 510, 515, 516, 517 v celkové
délce 17,3 km z planované délky okruhu 82,8 km.

boholy Radial Road.

Construction lot 515 Slivenec-Tiebonice

Another part of the ring road originated at the other end of
Prague, again owing to a motorway, namely the D5. In this locati-
on it was necessary to link the D5 motorway with the D1 motorway.
Without this connection, traffic would have passed through the
Smichov District. The southern part of the ring road was not built
in its entirety, only a 6.5km long section to Slivenec was construc-
ted. This is a four-lane dual carriageway S 26.5/100 category road,
which links to the D5 motorway and the Radlice radial road at the
Trebonice grade-separated intersection, and, at the opposite end,
links to the GSI which was constructed on the II/600 road (today
K Barrandovu Street). This four-lane urban road runs across the
Barrandov residential area up to the Barrandov Bridge and further
to the so-called Southern Connection Road. Instead of diverting
transit transportation outside the city, it was only shifted to other
parts of Prague.

Two kilometres in the south and six and half kilometres in the
west — this is the shape of the torso of the ring road which was ope-
rating till the half of the 1990s.

Other two sections of the Prague City Circle Road, this time for
a change on the western edge of Prague, had to wait for opening to
traffic till the beginning of the new millennium.

Construction lot 516 Tirebonice-Repy

This 3.5km long road section was inaugurated in August 2000.
The S 34/100 category road links to the previously constructed lot
515 at the Trebonice GSI. It makes the connection between the
PCRR, the Radlice radial road and the D5 motorway Prague-Plzef).
It ends at the Repy GSI, where the PCRR allows the connection to
the 1/6 road. In December 2008, this GIS was supplemented by
a connection to the Prague-Pavlov section of the R6 speed highway,
which is being newly built.

Construction lot 517 Repy-Ruzyné

Construction lot 517 was inaugurated on 29 October 2001. This
2.5km long stretch of S 34/100 category road makes collision-free
connection between the D5 motorway and R/7 road toward Slany
possible.

Till now, stretches 510, 515, 516 and 517 at the total length of
17.3km of the planned road ring length of 82.8km have been com-
pleted.

Currently about 23km of the road ring are under construction wit-
hin the so-called South-Western segment, i.e. in the area between
the D1 and D5 motorways, namely construction lots 512, 513 and

514.
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V soucasné dobé probihd vystavba cca 23 km v tzv. jihozdpad- LOTS CURRENTLY UNDER CONSTRUCTION

nim segmentu, tj. v prostoru mezi ddlnicemi D1 a D5 a jednd se south-western part of the PCRR, construction lot So 512
o useky 512,513, 514. !

D1-Vestec
V SOUCASNE DOBE REALIZOVANE STAVBY The south-western part of the ring road will make the connection
between the D5 motorway and D1 motorway, prospectively even
Jihozapadni ¢ast SOKP Uisek SO 512 D1-Vestec a connection with the D3 motorway possible.
Jihozdpadnf &st okruhu kolem Prahy umoZni propojeni ddlni- . The zoning and planning d'ecision for construction lot SO 512 was
ce D5 s délnici D1 a vyhledové i s ddlnici D3. 1ssueq on 27 February 2007; it came into force on 5 .September 2OQ7.
Na tsek SO 512 bylo dne 27. 2. 2007 vydano tizemn{ rozhod- This section between the D1 motorway and the village of Jesenice

is important. The grade-separated intersection near the village of
Modletice, which must be constructed during uninterrupted operati-
on of the DI motorway is very complicated. The total length of this
S 27/100 category road section is 8.75km. The construction started in
September 2008 and its completion is scheduled for the end of 2010.

nuti s nabytim pravni moci dne 5. 9. 2007.

Jedna se o dulezity tsek mezi ddlnici D1 a obci Jesenice. Velmi
slozitd je mimoudrovnovd délni¢ni kriZovatka u obce Modletice,
kterou je nutné vybudovat za nepreruseného provozu na ddlnici
D1. Celkova délka dseku je 8,75 km, je kategorie S 27,5/100.
Stavba byla zahdjena v zafi 2008 a dokon&ena bude koncem roku Construction lot 513 Vestec-Lahovice
2010. This section starts at the connection to construction lot SO 512 D1
Stavba 513 Vestec—Lahovice — Vestec, at a grade-separated intersection with the future route of the

D3 mot d the 11/101 d the vill f Jesenice. Th
Zalind napojeni na SO 512 D1-Vestec v mimodrovnové kfi- fmotorway 4nc ;e roac mear the vitage ot Jesenuce. “Ae

. “hled dalni 3 a silnici b end of the route is in the area of the complicated grade-separated
Zovatf:e s vyuiedovou Frasou aimee Dv. ;{ stmet II{]Olvu o,ce intersection Strakonickd. Part of the section is the nearly 2km long
Jesenice. Konec trasy je v prostoru sloZitého mimourovnového

oy Cod L L ) Komorany tunnel. The total length of the construction lot 513 is
kiizeni MUK Strakonickd. Soucdsti je téméf 2 km dlouhy 8.4km. The S 27.5/100 category is designed for the main route, with

tunel Komorany. Celkovd délka stavby 513 je 8,4 km. Hlavni the central traffic lane width increased to 4m. The right tunnel tube

trasa je navrZena v kategorii S 27,5/100 s rozsifenym stiednim (on a down gradient) has two 3.75m wide traffic lanes and one 1.5m
dopravnim pruhem na 4 m. Prava tunelova trouba (klesajici) je wide emergency lane (the tunnel category is therefore T 9.5m). The
dvoupruhovd se dvéma jizdnimi pruhy Siiky 3,75 m a jednim left upgrade tunnel tube is designed as a three-lane structure with the
nouzovym pruhem Sitky 1,5 m (tunel je tedy kategorie T 9.5 right, 3.75m wide supplementary lane for slow moving vehicles, two
m). Levd tunelovd trouba pro stoupdnf je navrZena jako tfipru- 3.5m wide thoroughfare lanes and two 0.5m wide marginal strips.
hova s pravym piidavnym pruhem pro pomald vozidla o $ifce The total width is 11.75m. There are 1m wide walkways on both
3,75, dvéma prubéznymi jizdnimi pruhy o §ifce 3,5 m a dvéma sides. Part of the tunnel is the Nouzov exhaust and suction ventilati-
vodicimi prouZzky po 0,5 m. Celkovd §itka je 11,75 m. Po obou on structure. An exploratory gallery was driven prior to the tunnel
strandch jsou obsluzné chodnicky 1 m Siroké. Soucdsti tunelu excavation. It leads along the LTT, acting as a pilot gallery with the

je vydechovy a nasdvaci objekt Nouzov. Pfed zahdjenim height equal to the height of the top heading.

vystavby tunelu byla v predstihu vybudovdna pruzkumna construction lot 514 Lahovice-Slivenec

Stola, umisténd v LTT, jako pfedréZend stropni Stola na celou The beginning is at the intersection with the 1/4 road, Strakonicka

vySku kaloty. Street, where the lot links SO 513 Vestec-Lahovice. The end of SO
Stavba 514 Lahovice-Slivenec 514 is connected to the already operating section of the ring. road,

Zalitek je v kiiZzovatce se silnici I/4 ulici Strakonickou, kde construction lot SO 515. The total length of this stretch is 6km, of
navazuje na SO 513 Vestec—Lahovice. Konec SO 514 je napojen that the Lochkov tunnel is about 1.6km long. The ascending, T
na jiz provozovany usek silni¢niho okruhu SO 515. Celkova ]l.75m—category right tunnel tube has thTee lanes. The descending
délka dseku je 6 km, z toho tunel Lochkov je dlouhy cca 1,6 km. left tunnel tube is of the T 9m category (without the widened supple-

mentary lane). An exploratory gallery was also used for this tunnel,
running along the entire length of the alignment of the RTT.

Both tunnels in construction lots 513 and 514 are mostly built by
mining methods. They form a single technological section and virtu-
ally even a single traffic section.

The final lining and installation of equipment of the tunnels is cur-
rently being completed.

A more detailed description of the tunnels in construction lots 513
and 514 is contained in many other issues of TUNEL.

Stoupaci pravy tunel je kategorie T 11,75 m, je tfipruhovy.
Klesajici levy tunel je kategorie T 9 m (je bez rozsifeného pri-
davného pruhu). Také zde byla vybudovédna v predstihu v PTT
pruzkumnd $tola na celou délku tunelu.

Oba tunely na stavbdch 513 a 514 jsou prevdzné razené, tvori
jeden technologicky a prakticky i jeden dopravni tsek.

V soucasné dobé se dokonCuje definitivni osténi vletné tech-
nologického vybaveni tunelu.

Podrobnéjsi popis tunelt na stavbach 513 a 514 je obsahem

stranek fady jinych &isel Casopisu TUNEL. CONSTRUCTION LOTS UNDER PREPARATION
PRIPRAVOVANE STAVBY The north-western segment of the PCRR - construction
lots SO 518 and SO 519

Severozapadni SOKP useky SO 518 a SO 519 . . .
. v e iy N The north-western part of the ring road will make the connection
Severozdpadni ¢dst silni¢niho okruhu umoZzni propojeni ddlni- of the D5 motorway with the D8 motorway possible.

ce D5 s d,almm Ds. . It consists of the following lots: SO 518 Ruzyné-Suchdol
Zahrnuje useky: SO 518 Ruzyné—Suchdol SO 519 Suchdol—Bfezinéves
SO 519 Suchdol-Brezinéves
Tento segment silni¢niho okruhu ma zpracovanou dokumenta-
ci pro tzemnf fizeni.

Usek SO 518 Ruzyné-Suchdol

The zoning process documents for this segment of the Ring Road
have been completed.

Construction lot SO 518 Ruzyné-Suchdol
The main route runs through the area between Ruzyné and

Hlavni trasa je vedena v prostoru mezi Ruzyni a Suchdolem. Suchdol. It starts in Ruzyné, where it links to the currently already
Zatina v Ruzyni, kde se napojuje na jiz dnes provozovanou trasu operating route of the PCRR construction lot 517 RepyfRuzyné. At
silni¢niho okruhu stavby 517 Repy—Ruzyr}é. Na konci stavby 518 the end of the construction lot, before the bridge over the Vltava
je pfed mostem pfes Vltavu navrzena MUK, na kterou je pripo- River, there will be a GSI at which the Rybarka slip road will be con-
jen privadé¢ Rybdrka, ktery je ¢dstecné veden v tunelu délky nected. Part of this slip road will run through an 855m long tunnel.
855 m. Basic data:

Zdkladni tidaje: Route length:  9.401 km

Délka trasy: 9,401 km Category: S 34/100 (class I, six-lane dual carriageway with
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Kategorie: S 34/100 (Sestipruhova silnice 1. tfidy se
sttednim d¢€licim pdsem, pfipojovacimi
a odpojovacimi pruhy

Tunely: 2 hloubené 1979 m (Suchdol) a 850 m
(Rybdrka)

MUK: 4 (Ruzyné, Horoméftice, Vyhledy a Rybarka)

Odhad ndkladu stavby: 17,2 mld. K&

Hlavni trasa 518 je smérové rozdélend komunikace se stfednim
délicim pdsem. V dseku, kde navrZzend komunikace protind obec
Suchdol, je komunikace vedena v hloubeném tunelu délky
1774 m (LTT), resp. délky 1979 m (PTT) s pracovnim ndzvem
tunel Suchdol.

Konstrukéni usporddani, kdy obé tunelové trouby jsou vedeny
ve stejné vySce, plati pouze pro cca 3/4 celkové délky tunelu.
ProtoZe na tunel navazuje patrovy most pres Vltavu, musi zbyva-
jici tunelovy dsek respektovat toto feSeni. Leva ¢ast komunikace,
a tim i levd &ast tunelu s bo¢ni chodbou zustdvaji v horni poloze,
pravda tunelovd trouba klesd tak, aby vozovka smeéfovala
na spodni droven mostu pres Vltavu. Hlavni konstrukci tunelu
jsou dvé Zelezobetonové trouby, v kazdém tubusu jsou tfi jizdni
pruhy a jeden pruh nouzovy. S kazdou tunelovou troubou souse-
di technickd a vétraci chodba. PoZzarni a unikové chodby jsou
vedeny pfimo na terén, kde jsou navrzeny dil¢i zdsahové
a ndstupni pozarni plochy.

Tunel Rybarka je druhy hloubeny tunel na této stavbé. Jeho
jedna tunelovd trouba slouZi pro obousmérny provoz.
V tunelovém tubusu jsou dva jizdni pruhy, dva nouzové pruhy,
sttedni délici bezpelnostni pds s dopravnim znalenim, vodici
prouzky a unikové chodniky. Soucdsti tunelu je technickd
a vétraci chodba.

Hloubeny tunel Rybdrka je navrzen jako klasickd Zelezobeto-
nova ramova konstrukce.

Usek SO 519 Suchdol-Bfezinéves

Zacatek tseku je na levém brehu Vlitavy u Suchdola. Tvofi
pokracovdni od stavby 518 mostem pres Vltavu. Trasa konc{
v MUK Bfezinéves napojenim na Proseckou radidlu, kterd je
pokracovanim ddlnice D8 smérem do Prahy.

Zdkladnt vidaje:

Délka trasy: 6,680 km

Kategorie: S 34/100 (Sestipruhova silnice I. tfidy se stfed-
nim délicim pdsem, pfipojovacimi, odpojova-
cimi pruhy a pfidatnymi pruhy

Mosty: 11 ks

Tunely: 1 (285 m) + 3 ekodukty

MUK: 3 (Cimice, Usteckd, Biezinéves)

Odhad ndkladu stavby: 11 mld. K&

Stavba SOKP v misté severniho prfechodu Vlitavy u Suchdola
zlistdvd v poloze dané UP HMP z roku 1999 a dle piivodniho
DUR z roku 1999.

Velmi zajimavou konstrukci zde tvofi nemasivni tfipodlazni
ocelovy most o tfech polich délky 467 m. Most md dvé drovné
mostovky, kazdd je pro tfi jizdni pruhy a jeden odstavny. Po obou
strandch vedou jesté servisni chodniky. Hlavni nosnou konstruk-
ci mostu tvor{ ocelovy dvoukloubovy oblouk, ktery podpird oce-
lovy trdm ve tvaru Vierendelova nosniku. Ldvka pro chodce
a cyklisty ma §ifku 3,5 m. Velkd pozornost je vénovéan pozarné-
bezpelnostnimu feSeni véetné feSeni unikovych zdchrannych
cest. V katastru obce Bohnice na patrovy most prakticky navazu-
je silni¢ni patrovy tunel Zamky. Jednd se o dvoukomorovy patro-
vy silniéni tunel z monolitického Zelezového betonu se tremi
boc¢nimi chodbami pro technické vybaveni a nouzovy tnik. Horni
strop a mezistrop je navrzen z predem predpjatych nosniku spra-
Zenych monolitickou deskou. Na hornim stropé je navrZen
biokoridor. Strop je zasypan zeminou. Délka dolntho tunelu je
285 m, délka horniho tunelu je 150 m. Na tento tunel navazuje
galerie Zdmky. V rdmci stavby 518 jsou vytvoreny podminky
a opatfeni pro provedeni poZzdrniho zdsahu v pripadé vzniku
pozdru na stavbé 519, zejména na mosté pres Vitavu. Obé stavby
518 a 519 jsou z hlediska zdsahu jednotek IZS pojaty jako jeden
dopravni dsek.

a central reservation, merging lanes and slip
lanes)

Tunnels: 2 cut-and-cover structures: 1979m long for
Suchdol and 850m long for Rybdrka
GISs: 4 (Ruzyné, Horoméfice, Vyhledy and Rybarka)

Cost estimation: CZK 17.2 billion

The main route of construction lot 518 consists of a dual carriage-
way with central reservation. Within the section where the road cuts
through the village of Suchdol, the road will be led through a cut-and-
cover tunnel with the LTT and RTT 1774m and 1979m long, respec-
tively. The working name of the tunnel is Suchdol.

The structural arrangement with both tunnel tubes running at the
same level applies only to about 3/4 of the total tunnel length.
Because of the fact that a stacked-design bridge over the VItava River
will be connected to the tunnel, the remaining part of the tunnel must
respect this design. The left carriageway, therefore the part of the tun-
nel with the side gallery too, will remain in the upper location, while
the right tunnel tube will descend so that the roadway direction leads
to the lower level of the bridge over the VItava. The main structure
of the tunnelling project is a pair of tunnel tubes, each of them con-
taining three traffic lanes and one emergency lane. Each tunnel tube
has an equipment and ventilation gallery running alongside. Fire
escape galleries lead directly to the surface, where partial interventi-
on and assembly areas will be provided.

The Rybérka tunnel is the second cut-and-cover tunnel within this
construction lot. The single-tube structure will carry bi-directional
traffic. There are two traffic lanes, two emergency lanes, central rese-
rvation with road signalling, marginal strips and escape walkways in
the tunnel tube.

The Rybarka cut-and-cover tunnel design is a traditional reinforced
concrete frame structure.

Construction lot SO 519 Suchdol-Biezinéves

This section starts on the left bank of the Vltava River near
Suchdol. It forms a continuation of construction lot 518 through the
above-mentioned bridge over the Vltava. The route ends at the
Brezinéves GIS, by connecting to the Prosek radial road, which pro-
vides continuation of the D8 motorway toward Prague.

Basic data:

Route length:  6.680 km

Category: S 34/100 (class I, six-lane dual carriageway with
a central reservation, merging lanes and slip
lanes)

Bridges: 11

Tunnels: 1 (285m) + 3 ecoducts

GISs: 3 (Cimice, Usteckd, Biezinéves)

Cost estimation: CZK 11 billion

The PCRR construction in the location of the northern crossing
over the VItava near Suchdol has remained in the position defined by
the Master Plan of the City of Prague of 1999 and contained in the
original Zoning and Planning Decision of 1999.

A 467m long, non-massive 3-span bridge structure forms a very
interesting structure in this construction lot. The stacked bridge struc-
ture has two decks, each of them comprising three traffic lanes and
one lay-by. In addition, service walkways lead on both sides. The
main load bearing structure of the bridge is a double-hinged steel
arch supporting a steel beam (a Vierendel truss).

The cycle and pedestrian walkway is 3.5m wide. Great attention
is paid to the structural fire design, including the system of escape
routes. The Zadmky stacked tunnel in the cadastral area of the villa-
ge of Bohnice will virtually be linked to the stacked bridge. This
reinforced cast-in-situ concrete, twin-box stacked road tunnel has
three side galleries for equipment and emergency escape. The upper
deck and intermediate deck design comprises composite structures
consisting of pre-tensioned beams and a cast-in-situ concrete slab.
The upper deck will carry a biocorridor. The roof deck is backfilled
with earth. The lower and upper tunnels are 285m long and 150m
long, respectively. The Zamky gallery links to this tunnel.
Conditions and measures for fire intervention in case of a fire within
construction lot 519, above all on the bridge over the Vltava River
have been created. Both construction lots 518 and 519 are conside-
red as one traffic district in terms of the Integrated Rescue System

units intervention.
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Severovychodni Cast SOKP usek SO 520 The north-eastern segment of the PCRR - construction
Biezinéves-Satalice lot SO 520 Bi'ezinéves-Satalice

V pripravé je na severovychodé Prahy segment SOKP mezi Under preparation in the west-east of Prague is the PCRR segment
obcemi Bfezinéves a Satalice. between the villages of Bfezinéves and Satalice.

Zdkladni vdaje: Basic data:

Celkovd délka stavby: 13,710 km Route length: ~ 13.710 km _

Kategorie S 27,5/120 (obousmérna dvoupruho- Category: S 27,5/120 (bi-directional double-lane fast high-

) va rychlostni komunikace) ) way)
Pocet MUK kfizovatek: 5 GISs: 5

It is expected that construction lot 520 will be declared publicly
beneficial project and, when the zoning and planning decision for
construction lots SO 518 and 519 comes into force, the next stage of
the investment preparation will start.

The south-eastern segment of the PCRR - construction
lot SO 511 Béchovice-D1 motorway
Regarding construction lot SO 511, the documents for the issuan-
ce of the building location permit is being reworked with respect to
a requirement of the Ri¢any and Kolovraty municipal authorities.
Requirements of the municipalities affected by the project regar-
ding the alignment of the Ring Road are a topical problem of con-

Ocekdva se, Ze dsek 520 bude prohldSen za vefejné prospésnou
stavbu a po nabyti prdvni moci dzemniho rozhodnuti na udseky
518 a 519 bude zahdjena dalSi investorskd priprava.

Jihovychodni ¢ast SOKP usek SO 511 Béchovice-D1

U tseku SO 511 se na zdkladé pozadavku Méstského uradu
ﬁféany a Kolovraty prepracovavd dokumentace pro rozhodnuti
o umisténi stavby (DUR).

Aktudlnim problémem tuseku SO 511 jsou pozadavky dotce-
nych obci na vedeni a tvar trasy silni¢niho okruhu. V soucasné
dobé probihd dzemni fizeni.

Zdkladni udaje: struction lot SO 511. The zoning process is currently underway.
Délka trasy: 12,571 km Basic data:
Kategorie: S 34/100 (Sestipruhova silnice I. tfidy se stied- Route length:  12.571 km
nim délicim pasem) . Category: S 34/100 (class I, six-lane dual carriageway with
MOStyI 30 mostnich Objektfl, 7z toho most pfes Ri¢an- a central regervation’ merging lanes and g]lp
sky potok délky 242.2 m lanes)
Tunely: 2 tunely hloubené — Na Vysoké dl. 384 m Bridges: 30; among them a 242.2m long bridge over the
a Dubec 275 m B Ric¢any Brook
MUK: 4 (Dube¢, Uhfinéves, Ri¢any, Lipany) Tunnels: 2 cut-and-cover tunnels — 384m long Na Vysoké
Pfedpoklddané stavebni ndklady stavby (vCetné DPH) Cini tunnel and 275m long Dube¢ tunnel
5378 mil. K&. GISs: 4 (Dube¢, Uhrinéves, Ri¢any, Lipany)
Cost estimation: CZK 11 billion
ZAVER Anticipated construction cost (incl. VAT) amounts to CZK 5378
million.

V soucasnosti jsou v provozu pouze dvé souvislé ¢asti okruhu
— na zapadé usek Ruzyné-Slivenec a na vychodé tsek CONCLUSION
Satalice-Béchovice. Dohromady méfi necelych 17 km. Celkova
délka okruhu by méla byt 83 kr)rll. Ukolem o>ll<ruhu je, ale hlavné At the moment, only two continual parts of the ring road are open
i Sand ot ma " Teacd B to traffic: the Ruzyné-Slivenec section in the west and the Satalice-

bude, odlehdit zatizené siti méstskych komunikaci a propojit Béchovi p y 0 ¢ Th te leneth is less than 18k
Sechny hlavni tahy u Prah Snit tak t itnf d & ply- ¢chovice section in the east. The aggregate length is less than 18km.
zfjc Il)lfyechz(l)\(]imn:clziy \l/1§errr?i )(/1 ;1?;1/9?;111 tr?isarrrlzlinzlitgié (;Erz\/;r%ﬁ, The total length of the ring road should be 83km. The objective of the
ra diyélné rozbihaii. Dokon&eni stgvb SOKP ’nelze v souéasnz ring road is, but mainly will be in the future to relieve the burden of
dobé v 74dném Jﬁ,' ad® odkladat. Jiz c}ilnes ‘e Jiznf spoika praktic- traffic from the urban road network and interconnect all main routes
P P 13 . P Jje iz P ) p in the vicinity of Prague, thus to allow transit transportation to flu-

ky po cely den ucpdna ndkladnimi auty. I na jinych mistech Prahy

C o M .. , . ently switch among all long-distance radial routes coming from
to nent o nic leps1.v (Efm pozdeji bude vystavba SOKP dokongena, Prague. The completion of the PCRR project must not be by any

tf.m ]?Ude nékla‘c‘inejm, nebot’ bude nutné vybudovat vice ,ekolo- means postponed. The Southern connecting road is already now near-
gickych staveb®. ly all day jammed by lorries. The situation is not much better in other

., . i locations in Prague. The later the completion of the PCRR the higher
ING. JIRI SVOBODA, svobodaj@pragoprojekt.cz, the cost, because more environmental structures will be required.
PRAGOPROJEKT, a. s.

ING. JIRI SVOBODA, svobodaj@pragoprojekt.cz,

Recenzoval: Ing. Pavel Sourek PRAGOPROJEKT, a. s.
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RSD CR; Pragoprojekt, a. s., Directorate of Roads and Motorways of the Czech Republic;
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OMLUVA AUTORUM

APOLOGY TO AUTHORS

Redakce Casopisu Tunel se omlouvé ¢tenafum a autorum ¢ldnku
Krélovopolské tunely — Zkusenosti z dosavadniho prub&hu vystavby,
ktery byl uvetejnén v &isle 3/2009 asopisu Tunel. Na strané 32 byl
vyti§tén chybny obrdzek ¢. 8. Spravny obrazek: Obr. 8 Celkovy
pohled (vnitini Zebra HEB) — viz vpravo.

The editors of TUNEL apologise to readers and authors of the
paper Krédlovo Pole Tunnels — Experience Obtained during
Construction to Date, which was published in TUNEL issue No.
3/2009. The Figure 8 printed on page 32 was incorrect. For the cor-
rect figure: Fig. 8 General view (HEB inner ribs) — see the right
side.
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FOTOREPORTAZ Z VYSTAVBY SILNICNIHO OKRUHU
KOLEM PRAHY - STAVBA 513 A 514

PICTURE REPORT ON THE CONSTRUCTION OF THE PRAGUE CITY
RING ROAD - CONSTRUCTION LOTS 513 AND 514

Ty '

Obr. 1 Pohled od Radotina pres idoli Vitavy na komoranskou stranu

Fig. 1 View from Radotin, over the Vlitava River valley, to Radotin side

Obr. 2 Most u Radotina (st. 514)
Fig. 2 The bridge near Radotin (lot 514)

Obr. 5 Pohled na trasu od cholupického portdlu, v pozadi oblouky budoucich
biokoridorii (st. 513)

Fig. 5 View of the route from the Cholupice portal; vaults of future ecologi-
cal corridors in the background (lot 513)

.

Obr. 4 BetondZ mostu pres Lochkovské idoli (st. 514)
Fig. 4 Casting of the bridge over the Lochkov valley (lot 514)

Obr. 6 Propojka ¢. 5 a vydechova Cdst vzduchotechnického objektu Nouzov
(st. 513)
Fig. 6 Cross passage 5 and exhaust part of the Nouzov ventilation station

(lot 513)
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FOTOREPORTAZ Z VYSTAVBY TUNELOVEHO KOMPLEXU BLANKA
V PRAZE (LISTOPAD 2009)

PICTURE REPORT ON CONSTRUCTION OF BLANKA COMPLEX
OF TUNNELS IN PRAGUE (NOVEMBER, 2009)

Obr. 1 Stavemste Malovanka, betondZ spodni desky portdlové dilatace
Fig. 1 Malovanka construction site: casting of the bottom slab of the portal block

Obr. 2 Stavenisté Myslbekova, portdlovd sténa raZenych tuneli
Fig. 2 Myslbekova construction site: portal wall of mined tunnels

Obr 3 RaZeny tunel Brusnice
Fig. 3 The Brusnice mined tunnel

M oo
. :I]'I’?—H" s '

uﬂ[ilnlﬂlﬂﬁiiﬂ'f‘ Wi"%"‘*"‘ﬁﬁ; L

Obr. 5 Stavenisté Hradéanskd, dokoncené dilatace stropu tunelu a betond?

= s dna rampy 1
Obr. 4 Staveniste Prasny most, stavebni jaima pod baroknimi hradbami

Fig. 5 Hradcanskd construction site: complete expansion blocks of the tun-
Fig. 4 Prasny Most construction site: construction trench under Baroque nel roof deck, casting of the bottom of Ramp 1
Sortification
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—— Obr. 7 RaZeny tunel Krdlovskd obora, razba tunelu
Obr. 6 Stavenisté Letnd, vystavba dilatace D20 v jiZnim tunelu (vlevo) Fig. 7 The Krdlovskd obora mined tunnel: tunnel excavation
Fig. 6 Letnd construction site: construction of D20 expansion block of the
southern tunnel tube (left)

Obr. 8 Razeny tunel Krdlovskd obora, vyraZeny tunel v misté zdlivu a napojent Obr. 9 RaZeny tunel Krdlovskd obora, dokonéené definitivni osténi
propojky Fig. 9 The Kralovskd obora mined tunnel: complete final lining
Fig. 8 The Krdlovskd obora mined tunnel: complete tunnel excavation in the

location of the lay-by and cross passage connection

Obr. 10 Stavenisté Troja, zemni prdce v prostoru jihozdpadni &tvrtiny techno- Obr. 11 Staveniste Troja, vystavba jihovychodni étvrtiny technologického
logického centra centra

Fig. 10 Troja construction site: earth-mowing operations in the area of the Fig. 11 Troja construction site: construction of the south-eastern quarter of
south-western quarter of the service centre the service centre
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VYROCI / ANNIVERSARIES

DOC. ING. RICHARD SNUPAREK, CSc. - SEDMDESATNIK
DOC. ING. RICHARD SNUPAREK, CSc., SEPTUAGENARIAN

Dne 9. 10. 2009 se doc. Ing. Richard Stiupérek, CSc. Ve
dozil 70 let. Ndam, jeho dlouholetym pritelum, se této
skute¢nosti nechce véfit, protoze jeho Zivotni vitalita,
pracovni nasazeni a dalsi, predev§im sportovni aktivity
doklddaji vék podstatné niZzsi.

Doc. Shupdrek po gymnazidlnich studiich v Ostravé
vystudoval obor geologického inZenyrstvi na Hornicko-
geologické fakulté Vysoké $koly banské v Ostrave, kte-
rou ukoncil v roce 1961. Po ukonceni vysokoskolskych
studif pusobil tfi roky jako geolog v Geologickém pru-
zkumu uranovych dolt v Pfibrami. V roce 1964 nastou-
pil do Védecko-vyzkumného uhelného dstavu v Ostra-
vé-Radvanicich, kde postupné ziskdval vedouci posty
v oblasti vyzkumu stability podzemnich dél jako vedou-
cf strediska geomechaniky. V praci na vyzkumném udstavu se vénoval
fadé otdzek hornické geomechaniky a dobyvani loZisek. Jeho nejvét-
§i zdsluha ale patii rozvoji vyzkumu v oblasti stability a vyztuze pod-
zemnich dél, predev§im pak ve vyzkumu, vyvoji a aplikacich svorni-
kové a kotevni vyztuZe v dulnich dilech a podzemnich stavbéch. Jeho
publika¢ni ¢innost byla zaméfena do Siroké oblasti hornictvi, ale jeho
nejdulezitéj3i price, jejichZ pocet presahl témér 200, jsou vénovény
problematice svornikové vyztuze, jejimu navrhovani a monitorovani.
Pro tyto aplikace zpracoval fadu vypocetnich metod pro ndvrh svor-
nika i pro kontrolu jejich chovani v podzemnich a dulnich dilech.
Vyrazné se zaslouZil o zpracovani oborové normy z oblasti kotveni.
Jeho prdce byly zaméfeny i do oblasti stability ocelové vyztuZze
a jejtho zkouseni, kde se jeho zésluhou, v dobé jeho pusobeni na
VVUU, tstav dostal mezi predni evropskd i svétova pracoviité v této
oblasti.

V roce 1994 piesel na nové zaloZeny Ustav geoniky AV CR
v Ostravé, kde nejdfive pusobil jako vedouci stfediska geomechani-
ky, od roku 1998 po dvé funkéni obdobi jako jeho reditel a od roku
2006 zde vykondva funkci zdstupce feditele. V dobé svého pasoben{
na tomto dstavu se intenzivné vénoval zejména rozvoji poznani
v oblasti zpeviujicich a tésnicich injektdZzi horninového masivu
a pokracoval i v rozvoji svornikové vyztuze a jejich aplikaci. V tomto
obdobi se rovnéz habilitoval na VSB-TU v oboru geotechnika a stile
pusobi jako 3kolitel doktorandu ve spolupréci s katedrou geotechni-
ky a podzemniho stavitelstvi Stavebni fakulty VSB-TU. V téchto
souvislostech je nutno také zdaraznit vyrazny podil doc. Stiuparka na
rozvoji odborné a védecké komunikace mezi banskymi a stavebnimi
odborniky pracujicimi v oblasti geotechniky a podzemniho stavitel-
stvi. Jeho zdsluhou bylo i intenzivnéjsi a sofistikovanéjsi zavadéni
svornikové vyztuZze a kotev zejména pri rozvoji a aplikacich Nové
rakouské tunelovaci metody na takovych vyznamnych stavbach, jako
je prazské metro, tunel Hrebe¢, tunel Mrdzovka a dal$ich.

Jak uz jsme uvedli, doc. Stiuparek publikoval vice nez 200 praci
a je autorem 12 patenti, zejména v oblasti svornikové vyztuZe.
Dlouhodobé je sekretdfem eské narodni skupiny ISRM, ¢lenem hor-
nické spole¢nosti CVTS, &lenem ITA-AITES a dlouhodobé té7 Cle-
nem redakéni rady Gasopisu Tunel. Doc. Stiupdrek se rovnéZ podilel
vyznamnou mérou na priipravé a fizeni sekce 3 Vyzkum, vyvoj
a projektovani podzemnich staveb v zastavéném tzemi na WTC
2007.

Jeho odbornd i védeckd aktivita rovnéz souvisi s dlouhodobym
sportovanim, kde se velmi aktivné vénuje predev§im tenisu
a lyzovéni. Doc. Stiuparek mél vzdy velmi prételsky vztah ke svym
spolupracovnikim a prdtelaim, nikdy neodmitl pomoc pfi feSeni
odbornych i osobnich zdleZitosti svych kolegt, spolupracovniki
a pratel. Svou odbornou a védeckou ¢innosti se zaradil mezi predni
Cesko-slovenské odborniky v oblasti geomechaniky a stdle udrzuje
aktivni mezindrodni styk s fadou svétové uzndvanych odborniku
v Polsku, Rusku, Velké Britanii, Némecku a v dalSich hornicky
vyspélych stitech. Jeho nespornou zdsluhou je i rozvoj Ustavu geo-
niky AV CR a vytvofeni §pi¢kového pracovité z tohoto tdstavu.

Do dal3ich let prejeme doc. Shupérkovi predeviim pevné zdravi,
eldn, dspéchy ve sportu a dal$i ispéchy v jeho vyzkumné préci.

PROF. ING. JOSEF ALDORF, DrSc.,
¢len redakéni rady

™ On 9th October 2009, Doc. Ing. Richard Sﬁupérek, CSc. beca-
me a septuagenarian. For us, his long-standing friends, this fact
seems to be unbelievable because his vigour, working perfor-
mance and other activities, mainly associated with sports, allege
that his age is much lower.

After his studies at a high school in Ostrava, Doc. Stiupérek
graduated from the Faculty of Mining and Geology of the
University of Mining in Ostrava, with a degree in geological
engineering, in 1961. After the graduation he worked for three
years as a geologist for Geological Survey of Pifbram Uranium
Mines. In 1964 he entered the Scientific-Research Coal Institute
(VVUU) in Ostrava-Radvanice, where he was successively pro-
moted into managing positions in the field of the research in sta-
bility of underground workings as the head of the geomechani-
cal department. His work for the research institute was focused
on a number of issues concerning the mining geomechanics and extraction from
coal deposits. The greatest credit he deserves is for the development of research
in the field of stability and means of support of underground workings, first of
all the research, development and application of bolted support and anchored
support in underground workings and underground structures. His publishing
activities were focused on the wide field of mining, but the most important
works, the number of which has exceeded nearly 200, were dedicated to the pro-
blems of designing and monitoring of bolted support. For these applications, he
developed many calculation methods for designing rock bolts and checking of
their behaviour in underground and mine workings.

He also significantly contributed to the work on an industrial standard on
anchoring. His works were even focused on the area of stability of steel reinfor-
cement and its testing. During the period in which he worked with the VVUU,
to his credit, the Institute got among foremost European and world’s workplaces
in this field.

In 1994, he transferred to the newly founded Institute of Geonics AS CR in
Ostrava, where he worked, at the beginning, in the position of the head of the
geomechanical department, from 1998, for two terms, as the director and, since
2006, he has been in the position of the deputy director. During the course of his
work for this institute, he has intensely dedicated himself, first of all, to develo-
ping the know-how in the area of stabilisation and sealing grouting of rock mass,
and even continued to develop bolted support and its application. In addition,
during this period he received a degree in the field of geotechnics at the VSB -
Technical University of Ostrava, where he continues to work as a supervisor for
doctoral students, collaborating till now with the Department of Geotechnics
and Underground Engineering of the Faculty of Civil Engineering of the VSB —
Technical University. In this context, stress must be placed also on the signifi-
cant share of Doc. Snupdrek in developing professional and scientific commu-
nications among mining and civil engineering professionals working in the field
of geotechnics and underground construction. Owing to his efforts, the bolted
support and anchors were introduced in a more intense and sophisticated way,
first of all in developing and applying the New Austrian Tunnelling Method to
important projects, such as the Prague metro, the Hrebe¢ tunnel, Mrézovka tun-
nel and others.

As we stated above, Doc. Stiupdrek has published over 200 works and is the
author of 12 patents, first of all in the field of bolted support. In the long term,
he has been the secretary of the Czech National Group of the ISRM, a member
of the Czech Scientific and Technological Society — Mining Society, a member
of the ITA/AITES and a member of the Editorial Board of TUNEL. In addition,
Doc. Snupérek significantly contributed to the preparation and management of
Section 3: Research, Development and Design of Underground Structures in
Developed Areas, working during the WTC 2007.

His professional and scientific activities are, in addition, associated with his
long-term engagement in sports, where he has very actively dedicated himself
above all to tennis and skiing. Doc. Siiupédrek’s relationships with his colleagu-
es and friends have always been very friendly. He has never refused to help to
solve technical or personal matters of theirs. Through his professional and sci-
entific activities, he has ranked among foremost Czech-Slovak experts in the
field of geomechanics. He continues to maintain active international contacts
with many worldwide renowned experts in Poland, Russia, Great Britain,
Germany and other countries with advanced mining industries. Undoubtedly, the
credit for developing the Institute of Geonics AS CR and creating a top-ranking
work place of it goes to him.

We wish Doc. Snupdrek, first of all, great health, lots of energy, success in
sports and continuing success in his research activities.

PROF. ING. JOSEF ALDORF, DrSc.,
Member of Editorial Board of TUNEL journal
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70. NAROZENINY ING. JIRIHO HUDKA, CSc.
70™ BIRTHDAY OF ING. JIRI HUDEK, CSc.
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Neékteré veci jsou jen tézko uvefitelné. Dne 19. 12. 2009 se /~
doziva 70 let jeden z naSich prednich odborniku v oblasti geotech-
niky a predevsim mechaniky skalnich hornin Ing. Jifi Hudek, CSc.

Jif{ Hudek se narodil v roce 1939 v Koliné. Od mlddi ho zaji-
mala geologie. Ta mu vak nebyla z kadrovych divoda souzena,
a tak se zapsal na CVUT Fakultu stavebni. Obor pozemm stavby
a konstrukce na této fakulté zdarné ukoncil promoci v roce 1962.
Po vojenské sluzbé pak nastoupil v roce 1964 do Prazského pro-
jektového tstavu, ze kterého v roce 1966 delimitaci vznikl
Projektovy tstav dopravnich a inZenyrskych staveb — PUDIS.

Pracovni aktivita Jiftho Hudka je ddle celoZivotné spjata
s timto podnikem. Nejprve to bylo v souvislosti s tehdy pripra-
vovanym projektem a prizkumem pro novou vystavbu prazské
podpovrchové tramvaje. Koncepce podzemni tramvaje byla vsak {
jiZ v roce 1967 opusténa a operativné se preslo na systém metra,
ktery je v Praze rozsirovan dodnes. Takto se dne$ni jubilant ocitl
v tuneldrském oboru, predev§im v jeho pruzkumnych a monitorovacich ¢innos-
tech. Od pocdtku se vénoval predev§im zkuSebnim metoddm mechaniky zemin
a skalnich hornin (laboratormm i terénnim) a ddle zpracovédvani geotechnickych
&asti prizkumu pro ruzné stavby. V roce 1968 se ve svych 29 letech stal vedou-
cim oddéleni geotechnickych a stavebné-technickych prizkumi PUDIS. Toto
oddéleni vede s dlouhodobymi tspéchy dodnes. V obdobi 1967-1977 koordi-
noval a ptimo se podilel na zpracovani geotechnickych &dsti pruzkuma pro trasu
metra ,,C*“ (Useky ohrani¢ené stanicemi Florenc—Kacerov, Kacerov-Hdje), pro
trasu ,,A“ (iseky Dejvickd—Namésti Miru a Namésti eru—Zehvskeho) a pro
trasu B (dsek Florenc—Nadrazi Smichov). Velmi cenné geotechnické poznatky,
ziskané predevsim z pruzkumu pro prazské metro, dokézal jubilant zhodnotit ve
své kandidétské disertatni prdci Pretvarné charakteristiky ordovickych sedi-
mentdrnich hornin pro modelové feseni horskych tlaku z roku 1976.

V osmdesdtych letech minulého stoleti se v Praze obdobnym zptisobem
vénoval projektu a vystavbé Strahovského tunelu s jeho rozsahlymi prazkum-
nymi ¢innostmi. V devadesitych letech pak predeviim velmi ndroénému praz-
skému tunelu Mrdzovka a v soucasné dobé se téZ podili na pruzkumu
a monitoringu silni¢niho tunelového komplexu Blanka.

Jubilant se pri realizaci prizkumu predeviim specializoval na zjistovan{ pre-
tvdrnych a pevnostnich vlastnosti horninového prostredi pro naro¢né inzenyrské
stavby — zejména tunely. V souvislosti s timto v prubéhu vice nez 40 let tidil
a interpretoval vysoky pocet terénnich zkouSek umisténych v geotechnickych
rozrazkdch prazkumnych $tol &i Sachet (napiiklad 4 tisice zatéZovacich zkousek
deskou, 500 smykovych a 5000 presiometrickych zkousek ve vrtech).
Modifikace nékterych zkousek na horninovych blocich sdm vyvinul a poprvé
pouzil — napriklad torzni zkousku in situ. O téchto poznatcich pak referoval
v roce 1979 na 4. svétovém kongresu Mezindrodni spole¢nosti pro mechaniku
hornin — ISRM ve Svycarském Montreux. Aktivné se tcastnil i 6. svétového
kongresu ISRM v kanadském Montrealu v roce 1987. Kromé terénnich zkou-
Sek pro zjisténi pevnosti a tuhosti horninového masivu in situ je pozoruhodna
i poucna jubilantem vytvorend a v roce 1973 pouzitd modifikace metody stano-
veni primdrni napjatosti horninového masivu odleh¢enou $tolou na 1. provoz-
nim dseku trasy ,,A* prazského metra.

J. Hudek je téZ vyhleddvanym odbornikem pro realizaci a vyhodnocenf pre-
siometrickych a dilatometrickych zkousek ve vrtech, které v PUDISU realizuje
od roku 1979. Na 3. Vinohradském tunelu, posléze na tunelu Mrdzovka a dnes
ve Stromovce na tunelu Blanka bylo podle jeho postupu pomoci presiometric-
kych zkousek overovdno zpevnéni (zvySeni tuhosti) horninového prostredi
pomoci sanacnich injektdZi. Ziskané zkuSenosti z prazkumu nejen pro podzem-
ni stavby interpretoval déle napiiklad pri zpracovani souboru podrobnych inze-
nyrskogeologickych map Prahy (v meéfitku 1 : 5000), pro které od roku 1968
prubézné sestavuje a upresiiuje prehledy mistnich geotechnickych charakteris-
tik zastiZzenych zemin a hornin. Pro zndmou publikaci Praha a inZenyrskd geo-
logie, vydanou PUDIS v roce 1979 k vyroci osmdesdtych narozenin Akademika
Q. Zaruby, sestavil J. Hudek uceleny prehled mistnich geotechnickych charak-
teristik pro geologické poméry v Praze.

Kromé velmi bohaté tuzemské odborné ¢innosti 1ze z geotechnickych praci
realizovanych v zahrani¢i uvést napriklad spoluprdci na prizkumu pro leti§té
a prumyslovy komplex APRO v centralni &4sti Sahary v Libyi (1981), pruzku-
my pro prehrady Foum el Kchanga a Taksebt v predhuif Atlasu v Alzirsku
(1986-1987), presiometrické a dilatometrické zkousky ve vrtech hlubokych az
100 m pro délni¢ni tunely v rakouském Semmeringu (1991-1992)
a geotechnické posouzent 1. faze projektu pro délni¢ni tunel Kandavan v pohoii
Elbrus v Iranu (1994-1995).

K Cinnosti Jittho Hudka se vaZe vice neZ 100 pifspévku do sborniku technic-
kych konferenci a publikovanych ¢ldnku v odbornych Casopisech. Je aktivnim
prispévatelem casopisu TUNEL a v prvé polovine devadesatych let byl ¢lenem
redakéni rady. K jeho zélibdm jiZ dlouhd Iéta patfi sbirani hub. Jsou nezapome-
nutelné chvile, kdy si i v minutu po minuté napldnovaném programu najde ¢as
zajit do lesa.

Za viechny spolupracovniky, jak ty diivéjsi, tak ty soucasné, za vechny ty,
které svym Saramantnim a laskavym pristupem v odborné praci obohatil nejen
profesné, ale i lidsky, prejeme Jifimu Hudkovi pevné zdravi, §tésti a mnoho
radosti do dalSich let. .

RNDr. RADOVAN CHMELAR, Ph.D., ¢len redakéni rady

™  There are things which are hard to believe. On 19th December 2009,
Ing. Jiri Hudek, one of our foremost experts in the field of geotechnics
and, above all, the rock mechanics, will live to see seventy.

Jiri Hudek was born in Kolin in 1939. Since his youth, he was inter-
ested in geology. Unfortunately, he was not destined to develop his
hobby for the political reasons owing to his social background. So he
entered the Department of Civil Engineering of the Czech Technical
University in Prague. He majored in Building and Engineering
Structures and successfully finished the studies at this department by
graduating in 1962. After the compulsory military service, in 1964, he
entered Prazsky Projektovy Ustav (Prague Design Office), from which,
through delimitation, Projektovy tstav dopravnich a inZenyrskych sta-
veb — PUDIS (Traffic and Civil Engineering Structures Design Office)
developed in 1966.

Working activities of Jiif Hudek have been associated with this com-
pany through all his life. At the very beginning they were connected with
the design and survey for the new development of Prague underground tram, which was
being prepared at that time. The underground tram concept was abandoned as early as
1967. The project was operatively converted to a metro system, which has been expanded
in Prague till now. This is how our colleague found himself in the tunnelling industry,
above all in its surveying and monitoring activities. From the beginning, he devoted
himself mainly to methods of testing in the field of soil and rock mechanics (both labora-
tory and in-situ tests) and carrying out geotechnical parts of surveys for various construc-
tion projects. In 1968, at the age of 29, he became the head of PUDIS geotechnical and
structural survey department. He has been in charge of this department till now. In the 1967

— 1977 period, he coordinated and directly pmicipated in the work on geotechnical parts
of surveys for the Metro Line C (the sections delineated by Florenc — Kaceroy and
Kagerov — Héje stations), Line A (the Dejvickd — Namésti Miru and Ndmeésti Miru — Zeliv-
ského sections) and Line B (the Florenc — Nédrazi Smichov section). He managed to furt-
her increase the value of the very valuable know-how which he had gained, above all, from
surveys for Prague metro, in his candidate thesis on “Deformational characteristics of
Ordovician sedimentary rock for a model solution to ground pressures” in 1976.

In the 1980s, he similarly devoted himself to the design and construction of the Strahov
tunnel, requiring extensive survey activities. In the 1990s, the subject of his work was the
Mrézovka tunnel, a demanding tunnel construction in Prague. Among other activities, he
is now participating in surveys and monitoring for the Blanka complex of road tunnels.

During the course of the surveys, our friend specialised himself first of all in determi-
ning deformational properties of a ground environment for difficult civil engineering struc-
tures, mainly tunnels. In connection with this activity, he managed and interpreted lots of
in-situ tests during the past 40 years, which were carried out in short geotechnical adits dri-
ven to the sides of exploration galleries or shafts (for example, 4 thousand plate-bearing
tests, 500 shear tests and 5000 pressure meter tests in boreholes). He even developed and
used for the first time modifications of some tests on rock blocks — for example the in-situ
torsion test. He presented his knowledge in 1979, at the 4th International Society for Rock
Mechanics (ISRM) International Congress in Montreux, Switzerland. He actively partici-
pated in the 6th ISRM International Congress in Montreal, Canada, in 1987. Apart from
in-situ tests determining the strength and stiffness of ground mass, a modification of the
method of determining primary state of stress of rock mass by means of an unloaded gal-
lery on the 1st operating section of the Prague Metro Line A is also interesting and enligh-
tening.

J. Hudek is, in addition, a sought-after professional in carrying out and interpreting
pressuremeter and dilatometer tests in boreholes, which have been conducted by PUDIS
since 1979. His method was used for verifying the results of ground consolidation (incre-
asing of stiffness) by pre-excavation grouting on the Vinohrady III tunnel and, subsequ-
ently, on the Mrazovka tunnel and today on the Blanka tunnel in Stromovka Park. He inter-
preted the experience gained from surveys, carried out not only for underground con-
structions, further, for example in the process of developing a set of detailed engineering
geological maps of Prague (1 : 5000 scale), for which he has been continually preparing
and adjusting overviews of local geotechnical characteristics of soils and rocks being
encountered. J. Hudek drew up a self-contained overview of local geotechnical characte-
ristics for geological conditions in Prague for the popular publication entitled Prague and
Engineering Geology, which was published by PUDIS in 1979 on the occasion of eighti-
eth birthday of Academician Q. Zaruba.

Apart from the wide scope of domestic professional activities, it is possible to mention
examples of geotechnical activities he performed abroad, for example the collaboration on
a survey for an airport and the APRO industrial complex in the central part of the Sahara,
Libya (1981), surveys for the Foum el Kchanga and Taksebt dams at the foothills of the
Atlas mountain range, Algeria (1986-87), pressuremeter and dilatometer tests in up to
100m deep boreholes for motorway tunnels in Semmering, Austria (1991-92) and
a geotechnical assessment of Phase 1 of the Kandavan motorway tunnel project in the
Elbrus mountain range, Iran (1994-95).

Over 100 papers published in proceedings of technical conferences and technical maga-
zines are tied up with the activities of Jiff Hudek. He has been an active contributor of
TUNEL journal and was a member of the Editorial Board in the first half of the 1990s.
Mushroom picking has been one of his hobbies for many years. The leisure time he finds
in his, in minute detail planned, programme to be spared for a walk in woods is unforget-
table for him....

On behalf of all colleagues, both the former and contemporary ones, on behalf of all
people he enriched by his charming and gentle approach toward the technical work not
only professionally but also humanly, we are wishing Jirf Hudek great health, happiness
and lots of joy in the years to come.

RNDr. RADOVAN CHMELAR, Ph.D., Member of Editorial Board of TUNEL journal
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ZE SVETA PODZEMNICH STAVEB / THE WORLD OF UNDERGROUND CONSTRUCTIONS

KRALOVOPOLSKE TUNELY — ANEB JAK NA TUNELY V JILECH
KRALOVO POLE TUNNELS — HOW TO COPE WITH TUNNELS DRIVEN THROUGH CLAYS

(Reakce na ¢lanek: Hypoplasticky a Mohr-Coulombuv model pri simulaci tunela v jilech autoru Svoboda, T., Masin, D., Boh4¢, J., uverejnény

na str. 59 tohoto cisla ¢asopisu Tunel)

(A response to the paper: Hypoplastic and Mohr-Coulomb Models for Simulation of a Tunnel in Clays by authors Svoboda, T., Masin, D., Bohac, J.,

published on pages 59 of this TUNEL issue)
ovoD

Zacdtkem roku 2009 jsem byl redak¢ni radou tohoto Casopisu oslo-
ven se zadosti ohledné vypracovani redakéni recenze na ¢lanek hypo-
plasticky a Mohr-Coulombtav model pfi simulaci tunelu v jilech auto-
ra Svoboda, T., Masin, D., Bohd&, J. Zacdtkem letnich mésicu mé
redak¢ni rada vyzvala i k této polemice.

Pavodni ndzev ¢lanku i nékteré pasdze v textu s predloZenou fese-
nou problematikou autori smérovali konkrétné na Krdlovopolsky tunel
stavby VMO Dobrovského v Brné. Jak jinak, vzdyt'to jsou v podstaté
jediné razené tunely v Ceské republice, budované v prostiedi tietihor-
nich jilu (brnénskych tégl), navic nizkonadloZni a pod méstskou
zéstavbou. Jak se kdysi vyjadril pan prof. Eisenstein, ojedinélosti pod-
minek a prostiedi se Kralovopolské tunely radi k nékolika médlo tune-
lim v Evropé a asi do desitky tunelt na celém svété.

KRALOVOPOLSKE TUNELY VERSUS VEREJNOST

Technické a konstrukéni feSeni Krdlovopolskych tunelt jiz bylo ze
strany projektanta mnohokrdt publikovdno a lze se s nim sezndmit
jinde, nebudu se jim nadéle podrobnéji zabyvat.

Historie vlastni vystavby Krdlovopolskych tunela se zacala psat od
roku 1997, kdy bylo na zaklad€ ruznych studif a pfipravnych praci for-
madlniho charakteru rozhodnuto investorem o feSeni problematiky
vystavby raZenych tuneld v dané trase a zastiZeném prostiedi.
V podstaté od této doby aZz doposud musi projektant tunelu krome své
standardni Cinnosti — projektovdni, vynaklddat nemalé cCasové
i dusevni zatiZeni na ¢innost osvétovou — reagovat na veskeré podné-
ty, ndmitky a pfipominky vznesené jednak z rad laické vefejnosti, jed-
nak i z odbornych kruhu.

V roce 2000 byl vyfeSen zpusob razeb s jedine¢nym technickym
a technologickym fesenim v Ceské republice doposud neuplatnénym —
technologif ,,paramentstollen. Kromé prednosti, Ze v daném prostredi
minimalizuje vyvoj deformaci a rizika z razeb, umoznila realizaci pru-
zkumnych $tol v profilu budoucich tuneli o objemu cca 20 % celko-
vého vyrubu raZenych tunelt.

Komplikovand situace pro investora nastala pri feSeni dotlenych
prav a zajmu laické vefejnosti — majiteli nemovitosti na povrchu,
zastizenych poklesovou kotlinou. I kdyZ vétSina z téchto dotéenych
a neopominutelnych osob méla pochopeni pro realizované podzemni
dilo, postacilo jen nékolik mdlo jedincu, ktefi vici investorovi doved-
li dokonale vyuZit a doposud vyuZivaji nd§ pravni fdd na ochranu
svych individudlnich zdjma. Néktefi z nich svou duvéru dali chytrym
pravnikim a problematiky neznalym soudnim znalcam. Jejich inicia-
tivou doslo k pozdrZeni vystavby tunell zhruba o dva roky.

Obr. 1 RazZba tunelu — ¢lenéni Celby (Foto: Pechman)
Fig. 1 Tunnel excavation — excavation sequence (Photo courtesy of Pechman)

»Honba*“ za publikovanim technickych zajimavosti muZe prinést
i mnoho nechténych nepiijemnosti. Napriklad jedna nesikovné defino-
vand véta se subjektivnim ndzorem pisatele jednoho ¢lanku, ktery byl
publikovdn v jednom odborném casopisu, postacila pravnikovi
k argumentaci ,.kdyZ to je uvedeno v odborném Casopisu, je to jisté
pravda a potvrzuje to opravnénost nasich vyhrad” — nechdm na ¢tena-
fi, aby uhodl, jak tento argument soud pfijal.

Z pohledu projektanta z tohoto dlouhého obdobi pro mé vyplynula
skeptickd pouceni:

Jakékoli informace nebo dezinformace se déd jakymkoli zpusobem
ve prospech véci pouZit nebo v neprospéch véci zneuzit — kymkoli
a jakkoli — je to jen otdzka z4jmu.

V Ceské republice Ize sehnat pomérné dost ,,odborniki‘ a ,,soudnich
znalct“ v oboru stavebnictvi, kteff svoji neznalost a odbornou zaostalost
stvrdf otiskem kulatého razitka — je to jejich obZiva nebo privydélek.

Pravnici pii obhajobé zdjmu svych klientd mysli a jednaji ryze tGce-
love a vefejny zdjem &i technické reSeni je jim naprosto cizi — konec-
koncu je to jejich obZiva.

Specifické vlastnosti tunelového prostredi ve vztahu k povrchové
zdstavbeé a novost technického a technologického feSeni tunelovych
razeb zfejmé sehrdla svoji roli i u zhotoviteli stavby. Jejich dsili
v prubéhu pripravného obdobi stavby, zaméfené na dukladné provére-
ni celého projektu, 1ze brat jako obvykly doklad toho, Ze kazdy zabéh-
nuty systém se brani jakymkoli nevyzkouSenym novinkdm. Naproti
tomu lze dnes z pohledu projektanta s uspokojenim konstatovat fakt,
Ze v soucasnosti se technologie razeb plné zabéhla a osvéddila, je G¢in-
nd a vyznamné sniZuje negativni dopady a rizika razby tunelt — zho-
tovitelé razeb s ni nemaji problémy. Ke dni napséni tohoto prispévku
(z4ri 2009) je jiz vyraZena podstatnd ¢dst obou tunelu, vice neZ cca tii
ctvrtiny celkové délky. To, Ze se projektant nemylil, doklddd soulad
skuteénych monitorovanych deformaci s prognézami a predpoklady
definovanymi v projektu jiz pred péti lety.

VYPOCTOVY MODEL PRO KRALOVOPOLSKE TUNELY

Jako projektant mdm od roku 1994 k dispozici a uplatiiuji vypocto-
vy program FLAC ve 2D s vybavenim vSemi konstituénimi modely.
Program md jednu vyhodu — v jakémkoli stadiu vypoctu umoziuje do
algoritmu vypodti vstupovat a prostfednictvim uZivatelské funkce
FISH ménit vstupni data a parametry. V tomto programu jsem realizo-
val obsdhlé a velmi podrobné matematické modelovani vSech analy-
zovanych profilu obou raZenych tunelovych rour Kralovopolskych
tunell — celkem 14 profilu pro kazdou tunelovou rouru.

Obr. 2 Razba tunelu - pruchod pres jamu technologického centra (Foto: Pechman)
Fig. 2 Tunnel excavation — the passage across the construction trench for the

service centre (Photo courtesy of Pechman)




Obr. 3 RazZba tunelu — bourdni vnitrnich vyztuznych Zeber (Foto: Pechman)
Fig. 3 Tunnel excavation — breaking out of inner support frames (Photo
courtesy of Pechman)

Matematické modelovani Krdlovopolskych tunelu jsem zalal fesit
jiZz v roce 1997 na zékladé pouze chatrnych poznatku a predpokladu
o geologickém profilu a vlastnostech tunelového prostredi, které
pochdzely predevsim z archivnich informaci a razeb primdrnich kolek-
tora v jinych lokalitich mésta Brna. Tyto podklady vSak stacily
k tomu, abychom parametrickou studii prokézali, Ze pro minimalizaci
vyvoje deformaci ve vyrubu i na povrchu je optimdlni rozc¢lenit tune-
lovou ¢elbu na malé dil¢i vyruby — ,,paramentstollen®.

Vyvoj a optimalizace matematického modelu probihaly jako jedna
velka parametricka studie s interaktivni vazbou na probihajici IG pru-
zkum. Byl vytvoren matematicky model, do kterého bylo mozné zada-
vat veSkeré odli$nosti v jednotlivych vySetfovanych pri¢nych fezech
tuneltl vetné modelovani budov na povrchu.

Na zdkladé vysledka laboratornich zkousek z IG pruzkumu
a posléze vysledka monitoringu a polnich zkouSek z podrobného 1G
pruzkumu pfi razb€ $tol bylo zpétnou analyzou dokonéeno ,ladéni*
modela. To, Ze matematicky model zachycuje cely technologicky pro-
ces razby a vystavby tunelu, povazuji za samoziejmé — podrobnosti
zachyceni tohoto procesu by se mély vzdy resit v zdvislosti na zadan{
podle dcelu a vyznamu modelovéni.

Jako vychozi konstitu¢ni materidlovy model jsem zvolil standardn{
Mohr-Coulombtiv model. Pro stanoveni sou¢initele bo¢niho tlaku
jsem uplatnil zdkladni vztah pro soudrZzné zeminy v zdvislosti na
Poissonové ¢isle. Musim priznat, Ze i mne pritom ponckud potrapilo
optimdlni stanoveni horizontdlniho tlaku. Dospél jsem k obdobnému
pozndni vlivu na vypocet tvaru poklesové kotliny — zjevné o néco
dfive, neZ jak v ¢ldnku uvadéji odkazy na publikace jinych autord.
Zcela jednoduSe jsem to v modelu vyresil zavedenim horizontélniho
tlaku vypocteného podle zvoleného soucinitele bocniho tlaku,
s pripo¢tenim slozek rezidudlniho (horizontdlniho) napéti (nejdiive
odhadem a posléze hodnotami skute¢né zjisténymi polnimi zkouskami
pfi razbéch $tol).

Pri ovérovéani modelu v roce 2000 jsem zajdsal nad publikacemi /1/
a /2/, ze ,kone&né budu moci modelovat deformaéni vlastnosti jila pri
zat€ézovaci a odlehCovaci vétvi“ pomoci konstituéniho modelu
Cambridzskych jili (CamClay). Neradoval jsem se vSak dlouho.
Nikdo z geotechnikd a geologi prazkumnych firem mi neumél (nebo
snad nechtél?) potrebné materidlové parametry oficidlné stanovit.

Casové a finanéné terminované zdvazky neddvaji projektantovi Cas
na vyzkum a baddni — musi se relativné rychle rozhodnout a pro-
jektovat! Problematiku zmény deformacnich vlastnosti neogennich
jilu jsem proto do modelu zavedl opét zcela jednoduse. V urcitych
stadiich vypoctového algoritmu v zdvislosti na modelovanych techno-
logickych stadiich razby a vystavby tunelu jsem zavedl zménu defor-
maéniho modulu jild v zdvislosti na drahdch napéti pro vétev zatéZo-
vaci a pro vétev odlehCovaci. Je v tom zjevnd analogie s principy tzv.
modelu CamClay i hypoplastického modelu.

Monitorované skutecné deformace i ostatni veliiny pii vystavbé
tunelt potvrzuji, Ze vypo&tovy model ve vySetiovanych profilech ana-
lyzoval s dostateCnou presnosti projevy spojené s vystavbou tunelt.

HYPOPLASTICKY MODEL VERSUS KRALOVOPOLSKE TUNELY

Zavérem predkldddam polemiku k ¢lanku o hypoplastickém modelu
— alespon ve vztahu ke Kralovopolskym tunelim.
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Obr. 4 Razba tunelu — prechod na plny tunelovy profil (Foto: Pechman)
Fig. 4 Tunnel excavation — Transition to a full tunnel profile (Photo courtesy

of Pechman)

Dlouhd 1éta své dosavadni praxe jsem pracoval ve vyvoji a vim, Ze
nejlep$im zpusobem prosazeni jakékoli novinky je jeji praktickd apli-
kace. Krdlovopolské tunely jsou jedinou a soucasné dosti atraktivn{
stavbou tunelu v prostredi jili v Ceské republice, na kterou Ize hypo-
plasticky model aplikovat. Chdpu snahu autora porovnat hypoplastic-
ky model ve vztahu k témto tunelim, obzvlast' pfi predpokladu, Ze pro-
blematiku fesili jako grant. Navic, prace autori md pfimou ndvaznost
na publikace /1/ a /2/, které se brnénskych téglu bezprostredné tykaji.

Pri osobnim jednéni s autory prispévku o hypoplastickém modelu
jsem jim sdélil, Ze v souasném stadiu stavby i probihajicich nékterych
spravnich fizenich Krélovopolskych tunelt nepovazuji za vhodné, aby
svij ¢lanek v predlozeném puvodnim znéni publikovali. Vnimavy Cte-
ndr &asti 2. tohoto piispévku jisté chdpe duvody proc. I po tpravach,
které autofi prispévku provedli a publikuji v tomto C&isle Casopisu,
dovolim si uvést nékterd fakta:

Je tieba zduraznit, Ze autofi piispévku porovndvaji pouze a jen vysled-
ky svych vlastnich modelovych feSeni, svych vlastnich laboratornich
zkousek a svého vlastniho matematického modelovani za tcelem porov-
ndni zdkladniho Mohr-Coulombova a hypoplastického modelu.

Odbeér laboratornich vzorka ,,brnénskych tégla‘ byl jimi ziejmé pro-
veden z bliZe nespecifikovaného mista tunelovych tras, pricemz vlast-
nosti jili se méni v zdvislosti na lokalizaci mista odbéru — nelze tedy
porovnavané vysledky jakkoli zobecnovat.

Parametry ,,brnénskych tégli* publikované v porovnani jsou poné-
kud rozdilné oproti parametrum definovanym v oficidlnich vysledcich
podrobného IG prizkumu.

Pii podrobném IG prazkumu byly polnimi zkouskami méfeny
a zjistény hodnoty rezidudlniho napéti (prekonsolidace) v jilech
v drovni pruzkumnych $tol na nékolika mistech a tyto byly uvedeny
v oficidlnich vysledcich — tudiZ velikost bo¢niho tlaku (soucinitel boc¢-
niho tlaku) byla objektivné zjiSténa a stanovena, coZ je v rozporu
s tvrzenim autoru v odst. 6.!

Ve vztahu ke Kréalovopolskym tunelim autori zrejmé nevyuzili
viechny podklady, informace a dokladované vysledky pruzkumu.

Moji hlavni kritickou pfipominkou je, Ze nékteré pasdze v textu
mohou vést neinformovaného Ctendfe k vyvozeni zkreslenych
a zavddéjicich zdvéru. Povazoval bych za korektnéjsi, publikovat
vysledky badatelské Cinnosti zcela bez subjektivniho zaméfeni ke kon-
krétni stavbé, jak napt. autori predvedli v /5/.

V Zadném pripadé se nestavim odmitavé k hypoplastickému materi-
dlovému modelu! Presto mdm zatim nékolik vSete¢nych pozndmek
z pohledu projektanta jako standardniho uZivatele standardnich vysled-
ku IG pruzkumu. Projektant pri zadani tikolu nemd obvykle moc asu
ani finan¢nich prostfedku na néjaky vyzkum ¢&i vyvoj. Urcité Ize bez
vyhrad souhlasit, Ze vyzkum a vyvoj by mely byt sméfovany zejména
k tomu, aby jejich vysledky byly v praxi co nejvice pouzitelné.
Pouzivani ,pokrocilejsich” verzi Moh-Coulombova modelu

Préavni i mordlni odpovédnost za feSeni nese vZdy projektant a nikdy
ne zhotovitel programu. Pouze zcela neznaly a nezkusSeny projektant,
nebo védomé riskujici, miZe pro podrobnéjsi vypolty a analyzy tak
komplikovanych a rizikovych staveb, jako jsou tunely v jilech (nejen
Krélovopolské tunely), namodelovat a vzit v potaz vysledky ziskané
z jakéhokoli ,,zdkladniho* modelu. Pro podrobnéjsi vypoéty to vzdy
musi byt model ,,pokrocily“ — bez ohledu na to, jaky a jak upraveny
byl vychozi model.
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Piekonsolidace a klidové tlaky

Jiz na zdkladé vstupnich vypoltu, které jsem fesil v roce 1997, se
u jilu projevilo jako vyznamné ,,poprat se* se stanovenim pravé klido-
vych tlaku a prekonsolidaci véetné prislusnych deforma¢nich modult
pro obory napéti v zatéZzovacich a odt€Zovacich vétvich. To jsem pak
definoval i do zaddni pro podrobny IG prizkum. Autori prokazuji pred-
nosti hypoplastického modelu na jisté nezdvislosti na souciniteli K.
KdyZ se IG pruzkumem stanovi boéni tlak i zdvislosti deforma&nich
modull a tyto projektant dovede zavést i do jinych ,,pokrocilejsich*
modeld, neztrici se proklamovana vyhoda hypoplastického modelu?
Materialové parametry pro Mohr-Coulombiiv versus
hypoplasticky model

Pro M-C model je v podstaté dovede stanovit kazdd geomechanicka
laboratof na zdkladé standardizovanych zkousek, popripadé si pomuze
parametry z norem. Kterd laborator ale dovede definovat materidlové
parametry hypoplastického modelu a na zdkladé jakych standardizo-
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Domnivdam se, Ze s hypoplastickym modelem nakrocili autofi
dobrym smérem a predklddaji zajimavou moZnost feSeni konstitucni-
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uréeni vstupnich parametri pro hypoplasticky materidlovy model.
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PROTIPOZARNI OCHRANA NOSNYCH KONSTRUKCI V TUNELECH
A OSTATNICH PODZEMNICH DOPRAVNICH STAVBACH

FIREPROOFING FOR LOAD-BEARING STRUCTURES IN TUNNELS
AND OTHER TRANSPORT-RELATED UNDERGROUND STRUCTURES

The author informs about problems of fire protection of structures
in tunnels, focussing on the protection using cladding plates. He pre-
sents examples from Promat production line.

V pripadé poziru v podzemnich tunelovych stavbdch je nutno
zabrdnit poskozeni nebo znifeni podzemni stavby, coz by mélo za
nasledek dlouhou, ndkladnou a rozsdhlou rekonstrukei, kterd by zna-
menala dopravni omezeni v dané lokalité. Soucasn€ je nutné, aby
v piipadé poZéru byla zajisténa evakuace osob, kterd musi byt podpo-
rovana fadou technologickych zafizeni, jez musi byt funkéni uréitou
dobu i pri pozdru.

Podzemni stavba by pfi pozdru neméla byt prili§ poskozena nebo
dokonce zniCena. Zejména v téch pripadech, kdy tunelové osténi je
staticky duleZitou konstrukcf, kterd prendsi zatiZzeni od okoln{ zeminy,
zdstavby, dopravy apod., coZ nastdva hlavne u ,,melkych” méstskych
tunelt umisténych ¢asto i pod vodnimi plochami. Tento poZadavek je
také uveden v narfizeni vlady ¢. 264 o bezpecnostnich pozadavcich na
tunely pozemnich komunikaci del$ich neZ 500 metru, které plati od
1.9.20009.

Obr. 1 Teplotni kiivky poZdrnich scéndru
Fig. 1 Temperature-time curves for fire scenarios

Aby nedoslo ke ztrdté stability konstrukce, je tfeba zamezit odprys-
kavani betonu na stavebnich dilech, a tak zniCeni betonu. Proto nesmi
byt v souladu s vyzkumy poZzédra napr. podle nizozemské tunelové
krivky Rijkswaterstaat (RWS) prekroCeny teploty maximalné 380 °C
na povrchu betonu pfimo za pozdrné ochrannym obkladem nebo
nastfikem a 250 °C na vyztuZi.

Pfi hoteni fady umélych hmot ¢i gumy pusobi spaliny obsahujici
chlér ve spojeni s vlhkosti obzvlast’ agresivné na beton a zpusobuji
hluboko v betonovém dilu korozi ocelové vyztuze.

Odhady tykajici se prubéhu poZéru v tunelu se v jednotlivych regi-
onech Evropy 1i§i. Obrézek 1 ukazuje rizné kiivky zavislosti teploty
na Case, podle nichZ se simuluji poZéry v tunelech pti vyzkumu vel-
kych pozéru:

e nizozemska tunelové kfivka Rijkswaterstaat (RWS),

e némeckd tunelova krivka RABT/ZTV-ING (Kapitola Protipozarn{
stavebn{ opatfeni byla nové roz¢lenéna a v podstatnych Edstech se
promitla do ZTV-ING, dil 5),

e smérnice spolkového uradu Zeleznic (EBA),

Obr. 2 Destrukce tunelového osténi po poZdru
Fig. 2 Tunnel lining destruction after a fire




Obr. 3 Detail obnaZené vyztuZe zpusobené odstilenim betonu
Fig. 3 Detail of reinforcement exposed due to concrete spaling

¢ hydrokarbonova kfivka (HC) nazyvand ve statech severni Evropy

také ,,primyslovy ohen‘,

e modifikovand hydrokarbonovd kfivka (HCM) ve Francii.

Zvlastnosti teplotni krivky podle ZTV-ING pro zjiStovani navrho-
vaného zatiZeni je pevné definovand faze chladnuti stanovend na 110
minut, které predchdzi minimalné 30minutova faze pozaru.

Pro betonové povrchy, omitky a obklad deskami je tfeba kromé
toho dolozit po celou dobu trvani tunelové kiivky RABT/ZTV, tedy
véetné faze ochlazovani, 7e nedojde k padu &dsti materidlu na
dopravni plochy nebo do jinych oblasti vyuZivanych osobami.
U jinych definovanych poZdra v tunelech, napi. RWS, neni popsdna
zadna faze ochlazovani.

Hodnocenf rizika stavby tunelu uruje v kone¢né fadé protipozarni
pozadavky a teplotni kritéria, kterd jsou k tomu nezbytnd. Jako sta-
vebni zadéni a navrhované zatiZeni je tfeba stanovit, jaké Skody,
v jakém rozsahu lze akceptovat a do jaké miry muZe byt stavba
poskozena, nebo dokonce zni¢ena. DuleZitym faktorem je skutecnost,
7e je treba protipozdrni opatfeni vyprojektovat pro celou dobu Zivot-
nosti stavby.

VARIANTY OCHRANY ZELEZOBETONU PRED UCINKY POZARU

Volba zpusobu ochrany konstrukei tunelu pred G&inky poZéru je
vysledkem technického a ekonomického posouzeni, pfi¢emz musi byt
vzat v dvahu predevsim charakter tunelu (jeho uréeni, délka, geome-
trické parametry profilu atd.). Pro rozhodovani je zpracovavana tzv.
bezpeénostni dokumentace tunelu v souladu s vySe uvedenym nafize-
nim vlady ¢. 264.

1. Kryti vyztuze betonem

Kryti ocelové vyztuZe vlastnim betonem nabizi pozarni ochranu po
ur¢itou dobu, vetsi betonova kryti prodluzuji tuto dobu az po dosaZe-
ni kritickych teplot na vyztuzi. Pfi zahfati betonu dochdzi k nékolika
reakcim: Fyzikélné, ¢dste¢né také chemicky vdzand voda se v betonu
uvolnuje a unikd ven. Vlivem tlaku, ktery pritom vznikd, dochdzi

Obr. 5 Detail montdze desek PROMATECT® — T na hotové sekunddrni
tunelové osténi

Fig. 5 Detail of installation of PROMATECT® — T plates on a completed
secondary tunnel lining

Obr. 4 Pokldadani protipoZdrnich desek PROMATECT® — T do bednéni
Fig. 4 Placement of PROMATECT® - T fire-protection plates into the formwork

k enormnimu odpryskévani betonu a jeho destrukci, kterd muze zasa-
hovat az hluboko do vyztuzenych vrstev.

Konstrukéni beton ztrdci 50 % své pevnosti pri 500 °C a 90 % pri
800 °C. I kdyZz beton neodpryskne, je poskozeni tak veliké, Ze jiz
nelze zarudit pevnost betonu, pripadné dochézi k trvalym defor-
macim.

Tato destrukce betonovych stavebnich dilu muze vést k tomu, Ze
naprosto ztrati svou unosnost. To je velice kritické u vysoko-
pevnostnich betont, které maji velmi malé kapildrni péry, a proto
nemohou dostate¢né rychle odbourdvat napéti zpusobené vodnimi
parami. V zdsadé muZe zvySené kryti betonem prodlouZit ¢as do
ndstupu kritického odpryskdavani. Ma to vSak — v zdvislosti na pev-
nosti betonu — své hranice.

Nejnovéjsi pozarni zkousky ukdzaly, Ze polypropylenova vlakna
priddvand do betonu odpryskdvéni sice zmirnuji, ¢imZ prodluzuji
vlastni pozarni odolnost konstrukce, ale nejsou schopna zabranit ztra-
té pevnosti betonu a deformacim Zelezobetonové konstrukce.
Vyhodou tohoto feSenf je snadnd aplikace — prisada do betonu.

I po malém poZdru jsou nezbytnd ndro¢nd a drahd sanaéni opatie-
ni. K tomu se druz{ zna¢né omezeni vlastntho provozu.

Obr. 6 Tunel s provedenym protipoZdrnim obkladem z desek PROMATECT® - T
Fig. 6 Tunnel with complete fire-protection cladding using PROMATECT® - T plates
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2. Oomitky

Omitky ¢i ndstriky jsou dalsi variantou, jak zajistit poZarni bezpec-
nékterd dskali. Hlavnim problémem je odpaddvéni omitnutych ploch,
zCasti jiz bezprostiedné po naneseni nebo pozdéji béhem uzivani.
Nejcastéjsim duvodem téchto poruch je $patnd piiprava podkladu, ktery
muZe asto nést na svém povrchu stopy piipravku, které zabranuji pril-
nuti betonu k bednéni. Toto riziko 1ze omezit tim, pokud se omitka
nandsi na vyztuz ukotvenou k pevnému podkladu — osténi tunelu.

Kromé toho je treba dbdt na to, aby se pouZzivaly specidlné modifi-
kované omitky vhodné k pozarni ochrané, které navic splnuji také
specidlni pozadavky na konstrukci a uZivani tunelu. Veskeré poza-
davky kladené na protipozarni omitky splnuje napriklad omitkovina
na bazi cemento-vermikulitové — Cafco FENDOLIE® MII. Tyto omit-
ky se uplatnuji jak u novych staveb, tak zejména u rekonstrukci.
Vyhodou je naneseni omitkoviny na jakykoli geometricky zaktiveny
povrch tunelové stavby.

3. Obklad deskami

Obklad pozarnimi deskami chrani beton velmi G&inné pred pusobe-
nim tepla a emisi. Desky musi byt specidlné vhodné pro obklad tune-
10 a musi mit dostate¢nou pevnost v ohybu, aby mohly absorbovat
dynamické tahové a tlakové sily zpusobené proudénim vzduchu,
vyvolanym jizdou dopravnich prostfedka.

Kromé toho musi byt odolné vaci agresivnim klimatickym pod-
minkdm, jako jsou vyfukové plyny, odstiikovéd voda a posypovad sul,
a z hlediska poZdru v tunelech odolné vuci teplotdm napf. 1350 °C
podle tunelové kiivky RWS a 1200 °C podle tunelové kfivky
RABT/ZTV-ING.
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Specidlné pro ochranu tunelt byly napriklad vyvinuty poZarné
ochranné desky PROMATECT®. Pii pouziti poZarné ochrannych
desek PROMATECT® o tloustce pouhych 25 mm nedochézi
u tunelové krivky RWS k prekro¢eni maximadlnich teplot ve vysi
380 °C na betonu pfimo pod obkladem a maximdlnich teplot ve vysi
250 °C na ocelové vyztuzi. U¢inné se zamezi odpryskdvéani betonu
a destrukci betonového stavebniho dilu. Pfipadnd sanace je nékolika-
ndsobné rychlejsi a obejde se vétsinou vZdy bez mokrych procesu.

Do dnesniho dne bylo deskami PROMATECT® ochrénéno vice nez
140 vyznamnych tunelovych objektd po celém svéte. V naSich pod-
minkéch je znét z fad odborné vefejnosti uréitd nedavéra k tomuto
modernimu feSeni poZarni ochrany Zelezobetonovych konstrukef,
kterd prameni zfejmé z naSich historickych zkuSenosti s masivnimi
.Kamennymi* stavbami, kde kdmen, cihla a beton jsou brany jako
nenahraditelné.

Pozdrné ochranny obklad se spojuje mechanicky pomoci $roubu
pfimo nebo napf. prostfednictvim spodni konstrukce s betonovym
dilem, a lze jej tedy po poZéaru velmi snadno vymeénit. U zakfivenych
prafeza tunelu lze pozdrné odolné desky PROMATECT® uzpusobit
polomeéru tunelu.

Obklad v tunelech pomoci pozdrné ochrannych desek PROMA-
TECT® je bezidrzbovy. V pripadé vnéjsiho poskozeni je l1ze rychle
odstranit a vyménit, pfi revizich se okamzité a jednoduse demontuji.

Predchozi zkuSenosti ukazuji, Ze ndklady na protipozarni vylepSeni
tunelt pomoci pozarné ochrannych desek &inf priblizné 3 %o celko-
vych stavebnich ndkladu. Tyto nizké investice znamenaji vyhodu
ucinné pozarni ochrany osob a stavby.

ING. LIBOR FLEISCHER, PROMAT s.r. o.

Gottfried Teichmann: Fire Protection Tunnels and Undeground Transportation Facilities
Nafizen{ vlady €. 264 o bezpecnostnich poZadavcich na tunely pozemnich komunikaci del$ich nez 500 metru

ZPRAVY Z TUNELARSKYCH KONFERENCI / NEWS FROM TUNNELLING CONFERENCES

58. GEOMECHANICKE KOLOKVIUM, SALCBURK
58™ GEOMECHANICS COLLOQUY, SALZBURG

The same as every year, this year too, at the beginning of October, Salzburg,
Austria, hosted an important, widely attended meeting of tunnellers — the 582
Geomechanical Colloquy. The attendance exceeded 800. The Colloquy was
held on Thursday the 8th October and Friday the 9th October 2009. An excur-
sion to the underground railway construction site in Linz followed. Part of the
Colloquy was a Technical Exhibition, which attracted many exhibitors.

Jako kazdy rok, tak i letos zaCdtkem fijna se v rakouském Salcburku kona-
lo vyznamné a hojné navstévované setkdni tuneldri — 58. Geomechanické

Obr. 1 Odbornd vystava porddand v ramci kolokvia
Fig. I Technical Exhibition organised in the framework of the Colloquy

kolokvium. Poget tcastniku presdhl 800. Kolokvium probéhlo ve &tvrtek 8. 10.
2009 a v patek 9. 10. 2009 s ndsledujici sobotni exkurzi na stavbu podpovr-
chové tramvaje v Linci. Souddsti kolokvia byla také hojné obesland technické
vystava (obr. 1). .

Prednésky byly opét hodnotné a je $koda, Ze Ceskd republika m4 na konfe-
renci témér tradiéné minimélni dcast. Sbornik predndsek tvori paté (fijnové)
¢islo Casopisu Geomechanics and Tunnelling (Geomechanik und Tunnelbau).

Uvod kolokvia patfil dnes ji7 legends a jednomu z pritkopniki NRTM, deva-
desétiletému profesoru Pacherovi, kterého dcastnici srde¢né pozdravili potles-
kem. O své stile skvélé dusevni formé je presvedCil pii svém vystoupeni.

Na zaCitku Ctvrteéniho odpoledniho jedndni poradatelé umoznili, aby
vystoupil Ing. Libor Maiik, ¢len predsednictva CZTA ITA-AITES, ktery pozval
pritomné na 11. mezindrodni konferenci Podzemni stavby Praha 2010 (obr. 2).

Jedndni kolokvia bylo rozdéleno do &tyr sekef, jejichz témata byla:

* Injektovani ve skalnich hornindch

* Rakouské tunelové projekty

* Hluboké tunely

* Vyuziti rubaniny z razby tunel

Z Cisté tuneldfské tematiky je moZno v prvni sekei zduraznit piispévek
o navrZenych opatfenich pro zlepSeni vlastnosti horninového masivu pro razbu
dvoukolejného Zelezni¢ntho tunelu Irlahiill na nové vysokorychlostni trati
z Norimberku do Ingolstadtu, kde tunel prochdzi vdpenci a dolomity
s krasovymi jevy. Piitomnost krasovych jeva raznych typu komplikovala
vystavbu a znemoznovala vytvoreni nosného prstence v okoli vyrubu. Pro rea-
lizaci prislu$nych doprovodnych opatieni byly z hlediska mozné sanace kra-
sové jevy rozdéleny do 4 typa: 1 — volny prostor, 2 — ¢stecné vyplnény volny
prostor (napadané bloky horniny), 3 — zcela vyplnény volny prostor, 4 — zvét-
rald podrcena hornina nebo uloZeniny kusu horniny o velikosti kamenu az
bloku. Kazdému typu odpovidal i stanoveny postup sanace a vypli cemento-
vou suspenzi, maltou nebo betonem. Konecnd volba zpusobu sanace byla
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stanovena a7 na zdkladé vyhodnoceni provddénych injektdZnich vrt, aby
nedochdzelo k nehospoddrnym tnikim smési do volnych prostor krasu.
Béhem prednasky byla asto zduraziiovdna nutnd piitomnost expertl na injek-
tdZe pifmo na stavbé a operativni rozhodovéni na zékladé skute¢né zastizenych
podminek.

Dal3i prispévky pojedndvaly o injektdZich tlakovych vodnich privadécu,
o zkuSenostech z fizeni injektdZ{ v redlném Case, o komplexni problematice
injektaZ{ doma i v zahrani¢i z pohledu dodavatele nebo o tésnicich injektazich
Sachty, kterd lezi ve Skotsku na brehu more a souvisi s uklddéanim radioaktiv-
niho odpadu.

Pokud hovorime o injektovéni hornin, nelze nezminit mimoradne zajimavy
prispévek o projektovani a realizaci velmi rozsahlych injektdZnich praci pii
vytvéreni tésnici clony na prehradé Ermenek v jiznim Turecku, které provadi
rakousko-turecké konsorcium. Klenbovd prehrada vysky 220 m se stavi ve
strmé zafiznutém tdol{ ve vdpenci s krasovymi jevy. PodloZi vdpence tvorf
flys, ktery se ale nachdzi asi 230 m pod zdkladovou sparou prehrady. Injektovat
se muselo nejen podloZi hraze, ale i horninovy masiv vapencu do velké vzda-
lenosti na obé strany od osy hrdze. Spodni droven injektazi musela vzdy dosah-
nout rozhrani vdpencu a flySe. Realizace injektdznich praci dzce souvisi
s oblast{ podzemnich staveb, nebot pro utésnéni horninového masivu na vysku
470 m byly ve 4 trovnich navrZeny Stoly v vertikdlnim odstupem cca 70 m. Ze
Stol byly provadény tésnici vrty s rozte¢i 1,5 m, které se pii realizaci podle
mistnich podminek jesté zahustovaly. Pfi razbé obchoziho tunelu hydroelekt-
réry doslo na zdkladé nové zjisténych geotechnickych skute¢nosti
k optimalizaci pivodniho feSeni, které vedlo ke zkrdceni injektdznich $tol
29590 m na 7752 m a v souvislosti s tim k tspofe investi¢nich nakladd. Cla-
nek podrobné popisuje kromé geotechnickych podminek zejména cenné zku-
Senosti z realizace, sloZeni injektaZnich smési, vysledky ze zkousek tésnosti
a poskytuje mnoho dalsich informaci.

Prvni prispévek druhé sekce popisoval bezpecnostné-hygienickd opatreni
pri razbé dvoutroubového tunelu Kirchdorf (2700 m) na rychlostni komunika-
ci S35 u mesta Kirchdorf na tseku Zlatten—Mautstatt. Jizn{ ¢ast tunelu v délce
asi 500 m prochdzi serpentinitem, ktery ve velké mife obsahuje zdravi nebez-
pecnd asbestovd vldkna. Tato skutec¢nost byla pro vSechny dcastniky vystavby
novinkou, se kterou nebyly dosud zadné zkuSenosti. Razba tunelu ve zdravi
Skodlivém prostiedi si vyZddala fadu opatfeni, at’se jednalo o zkrdpéni horni-
ny po odstfelu pomocf zafizeni pouZivanych na vyrobu umélého snéhu (snéz-
nych dél), nasazeni saciho systému vétrani za pouziti filtri na separaci azbe-
stovych vldken, myti vSech zafizeni, kterd opoustéla ,,Cernou zénu*, aZ po pou-
Zivani specidlnich masek pri praci v této z6n¢. Vylouena byla i sou¢asnd razba
na dvou pracovistich (kalota a opéfi). Na portédle byly instalovany mlhové
clony, které odd€lovaly oblast tunelu od okolniho ,,¢istého™ prostredi.

Razba tunelu bentonitovym Stitem pfi nizkém nadloz{ byla pfedmétem pris-
pevku o stavbé Zelezni¢niho tunelu Jenbach v tdoli Innu. Tunel je soucdsti
transevropské osy TENT1 spojujici Berlin s Palermem. Jednd se o dvoukolejny
Zelezni¢ni tunel délky 3470 m o priméru 13 m a ploSe vyrubu 133 m?, ktery
privadi trat’'k Brenner Basis tunelu. Razba tunelu probihala od fijna 2007 do
kvétna 2009. Krdtce po zahdjeni praci tunel podchédzel pod délnici, coZ si vyZé-
dalo nasazeni zvla$tnich opatteni. Piimo nad hlavou $titu byl vylou¢en provoz
dalnice a soustava digitdlnich snimacu informovala osadku Stitu kazdych 15
vtefin o deformacich na povrchu. Diky tomu se podarilo omezit sedéni povr-
chu na 2 mm. Pfi vystavbé se objevily i dva inovativni prvky. V prvnim piipa-
dé€ se jednalo o osazeni specidlnich tybinku s dpravou pro vyuziti geotermdln{
energie pro vytdpéni objektd v nadloZi. Druhy pripad se zabyval pokusnym
pouzitim stlaCitelné vypliiové malty, kterd se pouZiva pro aktivaci osténi.
V tsecich tunelu, kde deformace nadloZi nehrély tak vyznamnou roli a razba
probihala ve stabilnim horninovém masivu, doslo k experimentu se stlaitel-
nou maltou, jejiz objem se dd redukovat az na 50 %, aniz by doslo ke ztraté
pevnosti. Tato vlastnost hraje vyznamnou roli pri dimenzovéni prefabrikova-
ného osteéni, kdy podle zdsad NRTM aplikovanych pii razbé TBM dochézi
k ¢aste¢né deformaci horninového masivu, aniz by se diky fizené deformaci
vypln¢ zvySovalo zatiZen{ osténi.

Dalsi prispévek se tykal potiZi pri razbé druhé tunelové trouby tunelu
Pfaender na obchvatu mésta Bregenz. Pfi razbé prvni tunelové trouby docha-
zelo k znaénému zdvihdni dna zptsobeného vysokym obsahem montmorillo-
nitu v jiloveich, které za pritomnosti technologické vody bobtnaly. Snahou
investora pri vybérovém fizeni proto bylo umoznit nasazeni takové tunelovaci
metody, kterd by aktivaci bobtndn{ omezila na minimum, a soutéZ byla vypsd-
na jak pro cyklickou, tak kontinudlni raZbu. Razba tunelu probihala pomoci
TBM o profilu 11,92 m firmy Herrenknecht, ktery jiz absolvoval razbu dvou
3,5 km dlouhych tunel v obdobnych geologickych podminkach ve Francii.
Pro omezeni kontaktu bobtnavé horniny s vodou se osténi ve dné aktivovalo
tixotropni maltou, v horni ¢dsti vyrubu zafoukdvanym kacirkem frakce
8/11 mm. Bobtnavé prostedi vSak nebylo pro stavbu jedingm dskalim. Pri
razbé v nesoudrznych materidlech se nepodarilo hlavu titu pres v§echna opat-
feni udrZet v poZadovaném sméru a sklonu a pri poloze fezné hlavy 55 cm,
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Obr. 2 Prezentace konference PS Praha 2010
Fig. 2 Presentation of the conference Underground Constructions Prague 2010

resp. konce téla §titu 33 cm pod projektovanou tirovni doslo k zastaveni razby.
Muselo ndsledovat obejiti $titu, vyraZeni komory konven¢ni metodou
a zvednut titu do projektované nivelety. V dal§im textu autori velmi podrob-
néas fadou technickych detailt popisuji zmahéni problému s nadzveddvanim
Stitu a obnovenim razby.

Dalf dva piispévky pojedndvaly o razbé dvou tseku Zelezni¢niho tunelu
Lainzer (celkovd délka 12,8 km) v obtiznych podminkdch pod méstskou
zdstavbou ve Vidni s durazem na omezeni sedéni na povrchu tizemi. Razba
dvoukolejného tratového tunelu dosahuje plochy vyrubu 115 m? az 130 m?
a probithd pomoci NRTM, v prvnim pripadé s vertikdlnim ¢lenénim vyrubu.
Prave pozadavek na minimalizaci deformaci povrchu omezovalo odstup kalo-
ty a opéfi podle typu prostiedi na 60 m az max. 120 m, pfi¢emz k uzavirani
spodni klenby primarniho osténi dochdzelo 10 m aZ max. 30 m za raZbou opéfi.
Druhy ¢lének popisuje detailné nejen postup vystavby s vertikdlnim ¢lenénim
vyrubu, ale i realizaci vodonepropustného definitivniho osténi se zvySenymi
poZadavky na pozérni odolnost. Clanky popisuji i vystavbu tinikovych Sachet
a §tol, sledovan{ hladiny hluku a vibraci pri stavenistni dopravé, sledovan{
deformaci v podzemi i na povrchu, ale i logistické problémy spojené
s dopravou materidlu, coZ je problematika tzce spjatd s razbou méstskych
tuneld.

Posledni prispévek v této sekci se zabyval razbou tuneli pro tramvaj pod
kolejistém hlavniho nddraZi v Linci s ndzvem Harter Plateau. Této vyznamné
stavbé byla vénovéna i sobotni exkurze.

V sekci Hluboké tunely (tieti sekce) se vétSina prispévku vénovala proble-
matice velkych deformaci v souvislosti s funkei primérniho osténi, kotveni
nebo pouzitl riznych typu deformacnich elementu vsazovanych do primérni-
ho osténi. Autori Radonéi¢, Schubert a Moritz ve svém ¢lanku kromé pracov-
nich diagramu ruznych typu deformalnich elementi podrobné popisuji
i metodiku navrhu poddajného primérniho osténi s vyuzitim deformacnich ele-
mentu. DalSi piispévky popisovaly razbu v tlativych hornindch pomocf otevie-
ného TBM na Gotthardském bazovém tunelu pii vzniku a feSeni nadmérnych
deformaci v oblasti L1 titu, nebo koncepci prichodu tlativymi horninami na
tunelu Koralm. Jeden z prispévku hodnotil geotechnické vyzvy vyplyvajic

A, L ' L,

Obr. 3 Vzorovy pricny rez jednokolejného tunelu v Linci
Fig. 3 Typical cross-section of a single-track tunnel in Linz
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Obr. 4 Primdrni osténi a zajisténi stability vyrubu
Fig. 4 Primary lining and excavation support

s pruzkumu provédénych pro uvazovany Zelezni¢ni tunel pod gibraltarskou
uzinou.

Posledni ¢tvrta sekce uvedla priklady logistiky (naklddani s rubaninou)
a vyuZiti rubaniny na stavbach raznych tuneld (15 let zkuSenosti s touto pro-
blematikou na gothardském bazovém tunelu; koncepce vyuziti rubaniny na
tunelu Koralm nebo na bdzovém Zelezni¢nim tunelu na trase Lyon — Turin).
U dlouhych béazovych tunelt hraje otdzka ekonomického a ekologického vyu-
Zitf rubaniny vyznamnou roli a skute¢nost, Ze této problematice byla vénova-
na Ctvrtina celé konference, vyznam jen potvrzuje.

I kdyZ patecni odpoledni program geomechanické kolokvium oficidlné
ukondil, nésledujici den se jesté konala neodmyslitelnd odborna exkurze, ten-
tokrdt do nedalekého Lince na stavbu podpovrchové tramvaje. Prodlouzent
trasy linky 3 navazuje na doposud kone¢nou stanici Hlavni nddrazi a mit{ popr-
vé za hranici mésta Linec do sousedniho méstecka Leonding na tak zvané
Harter Plateau. Souddsti trasy v celkové délce 5.3 km je kromé 9 novych sta-
nic i tuneldrsky velmi naro¢ny tsek délky 950 m, ktery je raZen pomoci NRTM
s nadlozim 4 az 12 m pod koleji§tém hlavniho nddrazi. Dva jednokolejné tra-
tové tunely s plochou vyrubu 35 m” (obr. 3) prochazeji v pfiportalovych tse-
cich v délee cca 150 m kvarternimi sedimenty a kvuli sklonu 40 promile se
snazi rychle dostat do niZe uloZenych jilovitych oligocennich sedimentu.
V dalSich 500 m trasy dosahuje vyska nadloz{ 14 m, ale mocnost jili nad
vrcholem kaloty neprekracuje 4 m. Smérem k hlavnimu néddraZi trasa opét
stoupd, nadloZi ubyva a poslednich 30 m se cely profil tunelu nachdzi opét
v kvarternich nesoudrznych sedimentech s minimédlnim nadlozim.

Geotechnickym podminkdm odpovidaji zvlastni opatfeni pri razbé. Pii
razb¢ v terasovych kvarternich sedimentech se pouZivd sniZeni hladiny spodni
vody pod droven po¢vy tunelt, zpeviujici injektdze, predrédZeni ocelovych

Obr. 6 Stisnéné poméry zarizeni staveniste
Fig. 6 Constricted site area
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Obr. 5 Pohled na celbu a uzavirdni pocévy
Fig. 5 View of the heading and closing of the invert

pazin a predevsim co nejrychlejsi uzavirdni profilu primédrniho osténi. Razba
probihd s horizontdlnim ¢lenénim vyrubu na kalotu, opéfi a pocvu, pro zajisté-
ni stability Celby se pouZivaji 12 m az 16 m dlouhé samozdvrtné kotvy, néstrik
betonu se siti a podpurny klin zpevnény opét néstiikem betonu. K omezeni
seddni pfispivé i rozsifeni paty kaloty (obr. 4). Primérni osténi tl. 200 mm je
vyztuZzeno dvéma vrstvami siti. Vzhledem k nestabilnimu prostiedi je kalota
rozdélena na 4 a7 5 dilich vyrubu, které jsou po otevieni co nejrychleji zajis-
tény stifkanym betonem se siti. Uzavirani spodni klenby probihd do 5 zabéru
od Celby kaloty. Délka zdbéru v kaloté se pohybuje od 1 m do 1,3 m, v opeii
je dvojndsobnd.

V dobé exkurze probihalo pravé osazovani siti v po¢vé tunelu (obr. 5) a ve
druhém tunelu zastiikdvani boku vyrubu v dseku s maximalnim nadlozim. Pfi
vykladu G¢astnikim exkurze byly prace na kritkou dobu preruseny, a tak se
vzduch alespon na okamzik trochu vy¢istil a bylo mozné udélat nékolik foto-
grafif. Kvali krdtkym zabérim a ¢lenéni kaloty na diléf vyruby se pro néstrik
ostén{ pouZzivd suchd smés, coZ velmi zvySuje prasnost prostiedi. Zdsadni roli
v danych podminkéch hraje rychlost provadéni jednotlivych technologickych
kroku. Proto je samoziejmosti situovan{ betondrky primo na portdle ve staveb-
ni jamé hloubeného tdseku tunelt. Méstské prostredi omezuje stavbu prostoro-
veé 1 Casove. Ve stavebni jame se kromé betondrky nachdzi i tipravna pH vody
na bazi CO,, sklad vyztuznych rdmu nebo mezideponie rubaniny (obr. 6). Jeji
odvoz je s ohledem na no¢ni klid mozny jen ve dne. Poucné bylo i zjisténi, Ze
definitivni osténi tuneld tl. 350 mm je navrhovano z betonu odolného proti pri-
sakim bez pouZiti hydroizola¢ni flie. Mezi primarnim a definitivnim osténim
je instalovdna pouze separaéni félie. Po ukonCeni Cerpani ve tfech polich
doCasnych studnf situovanych podél trasy tunelt voda nastoupd opét do puvod-
ni vysky a tunelové osténi zatiZ{ hydrostatickym tlakem.

Pokud cilem exkurze bylo ukédzat razbu tuneli v extrémnich podminkach
méstské zdstavby s minimélni vyskou nadlozi, sloZitymi geotechnickymi pod-
minkami a velmi piisnymi kritérii na seddn{ povrchu pfi pruchodu pod kole-
jistém hlavniho nadraz{ v Linci, pak byl tento cil beze zbytku naplnén.

Piisti, jiz 59. Geomechanické kolokvium se v Salcburku kond 7. az 8. fijna
2010. Bude se vénovat ndsledkim kolisni hladiny podzemni vody, vzdjem-
nym pusobenim horninového masivu a stroje pii razbé pomoci TBM, razbé
v bobtnavych hornindch a vyuzitim geotermdlni energie. Abstrakty piispévka
maji byt zaslany do 31.ledna 2010 a on-line formuldr bude uverejnén na webo-
vych strankdch Rakouské geotechnické spolecnosti www.oegg.at.

ING. MILOSLAV NOVOTV‘IYY , ita-aites@metrostay.cz,
ING. LIBOR MARIK, libor.marik@ikpce.com

[1] Casopis Geomechanics and Tunnelling 5/2009, Ernst & Sohn, Osterreichische Gesellschaft fiir Geomechanik
[2] Strassenbahnlinie Harter Plateau, Linz Hbf. bis Welngartshof km 0,00 — km 5,30, Planungsgemeinshaft Strassenbahnlinie Harter Plateau
Schmietta Consult/IL-Laabmayr & Partner/BHM Ingenieure — ¢ast realizani dokumentace
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KONFERENCE O BEZVYKOPOVYCH TECHNOLOGIICH
TRENCHLESS TECHNOLOGY CONFERENCE

The 14t national annual NO DIG conference of trenchless technologi- i ze zahrani¢i. Zaméren{ konference bylo letos na bezpecnost prace pfi
es was held in Petr Bezru¢ Hotel, the Beskids, on 23td and 24th September provadeni bezvykopovych technologif, otazky zarazeni do praci prova-
2009. This year, the organiser — the Czech Society for Trenchless dénych hornickym zpusobem, bénské legislativy a dalsi s tim spojend
Technology — celebrates the fifteenth anniversary of its foundation. This problematika. Na konferenci byly prezentovany i nejzajimavéjsi projek-
year’s conference focus was on safety at implementing trenchless tech- ty z oboru za uplynuly rok a také vystoupilo nékolik zastupct dodavate-
nologies, mining legislation issues and other associated problems. I s firemnimi prezentacemi. Program byl vesmés hodnocen jako velmi

zajimavy a piinosny. Soucdsti konference byla i mensi vystava v pro-

Ve dnech 23. a 24. z&ri se konala v Beskydech v hotelu Petr Bezrud¢ stordch hotelu. Zajimavosti leto§niho roku bylo, 7e CzSTT ( Cesk4 spo-
14. ndrodni konference o bezvykopovych technologiich — NO DIG. le¢nost pro bezvykopové technologie) u prileZitosti patnécti let existen-
Konference NO DIG se konaji v riznych mistech po republice, letos ce usporddala pro své ¢leny den pred konferenci golfovy turnaj.
byla netradi¢né vybréna lokalita klidného horského hotelu, coZ delegiti,
kterych se seSlo pres 180, hodnotili velmi pozitivné. Na konferenci ING. KAREL FRANCZYK, Ph.D., kfranczyk@subterra.cz ,
vystoupilo vice neZ dvacet delegétt se samostatnymi piispévky, néktefi SUBTERRA, a. s.

SEMINAR SLOVENSKEJ TUNELARSKEJ ASOCIACIE CHEMICKE PRISADY DO BETONU
SLOVAK TUNNELLING ASSOCIATION'S SEMINAR ON CHEMICAL ADDITIVES FOR CONCRETE

The tradition of organising seminars aimed at improving of quality and Ing. Jaroslav Hrbek, Ing. Jifi Vlasimsky, Sika Slovensko, spol.
economy during the construction and operation of tunnels, organised by s 1. 0., predniesli predndsku Pouzitie chemickych prisad do beténu pri
the Slovak Tunnelling Association (STA), continued on 220d October realizacii dialni¢ného tunela Klimkovice (CR). 5
2009 in the Marlene hotel, O$¢adnica, with the topic of Chemical Ing. Michal Zame¢nik, Jiff Krulich, BASF Stavebni hmoty Cesk4 repub-
Additives for Concrete. The venue in O¥¢adnica is found in the vicinity lika, s. r. 0. predniesli prednasky Stifkané betony primédrniho osténi tunelu
of the Laliki tunnel; a visit to the site was part of the seminar. Laliki (prvni zkuSenosti s technologif NRTM v Polsku) a Lité betony

sekunddrniho osténi tunelu Laliki (specifické poZadavky a jejich realizace).

Diia 22. oktébra 2009 sa v Os¢adnici, hotel Marlene, uskuto¢nilo Vo vsetkych tychto troch prednaskach bol popisany postup spolupré-
pokraCovanie tradi¢nych semindrov Slovenskej tuneldrskej asocidcie ce firiem so zhotovitelom stavby pri ndvrhu a skiskach beténovych

zmesi a doladenf technolégie vyroby, prepravy, ukladania a oSetrovania
beténu a tieZ sa podelili o ziskané skiisenosti pri tejto &innosti. Cinnost’
firiem nespocivala iba v doddvke materidlov — chemickych prisad do
beténu, ale aktivne spolupracovali pri ndvrhoch zmesi, robili skdsky
vratane pociatocnych skisok typu (preukazne skisky) a tieZ spolupra-
covali pocas vystavby.

Obe prednasky firmy BASF sa zdroven tykali tunela Laliki. O jeho
projektovani informoval Ing. Rébert Zwilling, Basler&Hofmann
Slovakia, s. r. 0., Colsunting Engineers v predndske RieSenie realizac-

(STA), ktoré sa organizuji s cielom prispiet’ ku zvySeniu kvality
a hospodarnosti pri vystavbe a prevddzke tunelov, tentoraz na tému
Chemické prisady do beténu. Miesto konania v O¢Sadnici je v blizkosti
stavby tunela Laliki, ktorého prehliadka bola sicastou semindra.

Organizédciou bola poverend projektova a konzultacnd spoloc¢nost’
Alfa 04, a. s., Bratislava.

Ucast bola peknd — 55 t&astnikov, pricom Doprastav, a. s., prispel
zabezpetenim dopravy k ucasti aj 14 Studentom Zilinskej a Kogickej
technickej univerzity’. Semindr otvoril a viedol odborny garant ného projektu tunela Laliki.

TR BT DI UINEREEs . Tunel Laliki na rychlostnej komunikdcii S-69 Bielsko-Biata - Zywi-

O tdvod do problematiky sa postaral prof. Ing. Adolf Bajza, Ph.D., zo ec — Zwardon v tseku C2 Szare — Laliki v km 40 475 — 43,15574 je vo
Stavebnej fakulty STU Bratislava, katedry materidlového inZinierstva, vystavbe od novembra 2007 s plénovanou dobou vystavby 24 mesia-

ktory v prednédSke s nizvom Zasady vyroby kvalitného beténu zreka- cov. Je prvym razenym cestnym tunelom v Polsku. Tunel sa nachidza
pituloval problematiku vstupnych surovin, vyroby a oSetrovania betonu v juznom Polsku nedaleko hrani¢ného prechodu Skalité — Zwardon
a jeho vlastnosti. V ramci predndsky prezentoval uceleny encyklope- medzi Slovenskou republikou a Polskom. Svoje pomenovanie dostal
dicky prehlad problematiky a tym urobil teoreticky tivod k prednaSkam podla obce Laliki, v ktorej blizkosti sa nachddza. Tunel pretina chrbét
zastupcov firiem o skusenostiach s pouZitim ich vyrobkov — chemic- Sobczakowej Grapy s nadmorskou vyskou 766,3 m nad morom.

kych prisad do beténu pri vystavbe tunelov. ING. PETER BULANEK, CSc.

KONFERENCE SE ZAHRANICNI UCASTI ZAKLADANI STAVEB BRNO 2009
CONFERENCE WITH FOREIGN PARTICIPATION ,FOUNDATION ENGINEERING, BRNO 2009“

The Czech Geotechnical Society of the Czech Union of Civil — ARCADIS Geotechnika, a. s.
Engineers held the 37th “Foundation Engineering, Brno 2009 — BAUER Spezialtiefbau GmbH
Conference at the Congress Hall of Voronez hotel from 26th to 27th — FINE, spol. s 1. 0.
October 2009. The attendance of 230 delegates was equal to the stan- — GEOtest Brno, a. s.
dard of the recent years. The motto of the negotiations was specified —INSET, s. r. 0., Skanska CZ, a. s.
as “natural influences in geotechnics”. The Conference Proceedings, —TOPGEQO,s.r. 0.
containing 32 papers, are divided into four circles of topics, - ZAKLADANI STAVEB, a. s.
i.e. Engineering Geology and Geomechanics, Earth Structures, Mottem konferen¢niho jedndni byly ,,pfirodni vlivy v geotechnice®.
Foundation Engineering and Underground Construction. Konferenéni sbornik s 32 prispévky je ¢lenén do Ctyr tematickych
okruht, ve kterych probihalo i vlastni konferen&ni jednéni.

Ceskd geotechnick spole¢nost Ceského svazu stavebnich inzenyri Do tematického okruhu InZenyrska geologie a geomechanika bylo
porddala ve dnech 26. a 27. 10. v kongresovém sdle hotelu Voron€?z jiz zafazeno 7 prispévku s prevdzné teoreticko-experimentdlni népln{
37. konferenci Zakldddni Brno 2009. Konference je trvale zafazena do zamérenou na chovéni zemin a hornin. Tématy byly vyzkumy pravdeé-
projektu celoZivotniho vzdélavani ¢lentt CKAIT a letos se ji zi&astni- podobnosiniho rozdéleni parametrii zemin (Suchomel R., Masin D.),
lo 230 osob, coZ patii ke standardu poslednich let. Hlavnimi partnery prosedavosti zemin (Herbstovd V., Herle 1.), vrtatelnosti hornin
konference byly firmy: (MikluSovd V.), teplotniho a vihkostniho reZimu hornin (Bréek M.
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a kol.), casové nestability bocniho tlaku zemin (Koudelka P.). Jeden
prispévek ze stavebni praxe analyzoval geologické anomdlie pri pro-
vddeni paZenych stavebnich jam (Turéek P.).

Tematicky okruh Zemni konstrukce obsahoval 7 pfispévku vesmés
praktického zameéfeni, s ndplni tykajici se stability skalnich svahii
(T6th V., Pribilovd V. — silnice u Stre¢na, Pavlik J., Janka H. — ptipoj-
ka k dalnici D47, Paseka A., Samalikovd M. — Moravsky kras), stabi-
lity svahii nepovolené sklddky (Bartdk J.), vyztuZovdni zemin
(Giaccheti G., Prelovsky B., Bertolo P. — flexibilni ocelové sité kom-
binované s hiebikovdnim, Prelovsky B., Di Pietro P. — konstrukce
ParaMesh) a technologie stiikanych jilii (Stistka J.).

Népln tematického okruhu Zakladani staveb souvisi obvykle dzce
s tematikou podzemnich staveb, zejména hloubenych tunela. Stejné
tomu tak bylo i letos, kdy okruh obsahoval celkem 9 prispévka. Byl
analyzovan vliv horizontdlniho modulu reakce podloZi na vypocet
pruzné uloZené paZici steny (Mica L., K1i§ L.), dokumentovan postup
instrumentace a méreni deformaci kotvené pilotové steny (Zalesky J.,
Kos J.) a popsdn zpusob utésnéni zdporového paZeni pod h.
p. v. pomoci tryskové injektdZze (Racansky V. a kol.). Zhodnocenim
praktickych zkuSenosti bylo zakldddni mostu pres Lochkovské tdoli
na prazském okruhu (Masopust J.) a pouziti hydrofrézy na hloubenych
tunelech komplexu Blanka (Petrti L.). Ndpln 4 pfispévku byla vénova-
na velmi aktudlni problematice soucasné vystavby Krdlovopolského
tunelu na VMO se zamérenim na stavebni jamu technologického cent-
ra (Sperger J., Pricha P. — ndvrh zaji§téni a realizace, Vizda P.,
Pazdirek O. — monitoring v prubéhu provadéni) a mimoiadné rozsah-
lou a dspéSnou kompenzacni injektdZ (Mraz J., Miihl J., Malac P. —
technologie KI, Hlavdek P. — monitoring v prubéhu KI).

Tematicky okruh Podzemni stavby, ktery je Ctenafim Tunelu
neblizsi, vyplnilo celkem 7 piispévki dosti riznorodé naplné. Uvodni
prednédska byla vénovdna prehledu a pfikladim pouZitych technologii
razby v CR v nékolika poslednich desetiletich (Bartdk J.), dalSimi
tématy z praxe byly injektdZe v tunelech raZenych na Islandu (Cyron
D. a kol.), deformace Krdlovopolského tunelu (Ebermann T., Hort O.,
Van¢k M.), monitoring na Krdlovopolském tunelu (Rupp D., Pazdirek
0.) a poruchy vinnych sklepu (Hordk V. a kol.). Experimentalni ndpln
mél prispévek popisujici ziskdni parametru hypoplastickych konstituc-
nich vztahi pro numericky model tunelu v jilech (Brundt Z., Masin D.,
Bohac J.). Numerické modelovdni segmentového osténi tesil prispévek
J. Prusky.

Konference byla jako obvykle velmi dobre organizaéné pripravena,
prispévky mély vesmes vysokou odbornou troven s vynikajici dopro-
vodnou prezentaci prednaSenych témat. V rdmci konference bylo zve-
fejnéno vyhodnoceni nejlepsich bakaldfskych a diplomovych praci
z oboru geotechniky, zpracovanych ve sk. r. 2008/2009 na stavebnich
fakultich v CR a SR. Zastupce pofadajici firmy FINE, s. r. 0., Ing.
J. Laurin predal pfitomnym studentim vypsané finanéni odmény.

V ramci konference byla poddna prof. Vanickem, predsedou CGS,
informace o ponckud neutéSeném stavu Nérodni piflohy EC 7 —
Navrhovani geotechnickych konstrukci. Podnétnd diskuse k tomuto
tématu snad prispéje k uspokojivému obsahu Narodni pfilohy, podlo-
Zenému naSimi dlouholetymi a bezproblémovymi zkuSenostmi
s pouzivanim pfislusnych CSN. Upravu piilohy je rozhodné nutné rea-
lizovat pred zacdtkem zdvazné platnosti pouze evropskych norem
v dubnu pristiho roku. .

PROF. ING. JIRI BARTAK, DrSc.,
¢len odborného komitétu konference

AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTION

CESKA REPUBLIKA
MESTSKY OKRUH MYSLBEKOVA-PELC-TYROLKA
TUNEL SPEJCHAR-PELC-TYROLKA (SPELC)

Razba obou kalot STT i JTT z Troji pokro¢ila za Slechtovu res-
tauraci a dspesné tak prosla geologickou poruchou na rozhrani fev-
nickych kfemencu a letenskych bridlic. V dobé odevzdani prispév-
ku probihd raZba obou kalot v mistech s jiz vétSim horninovym
nadloZim. Soucasné je na STT vyraZena celd kalota bezpe¢nostni-
ho zdlivu a vlastni ¢elba kaloty STT se nachdzi pod velvyslanec-
tvim Ruské federace v CR. Na JTT potom razba kaloty bezpe-
nostniho zdlivu teprve probihd. K 13. 10. 2009 je v STT vyraZeno
celkem 1575 m a v JTT 1481 m kaloty. Pokracuji také prace na
definitivnim osténi, kde k dneSnimu dni je zabetonovidno celkem
340 m spodni klenby STT a pracovisté s betondzemi spodni klen-
by se presunuji i na JTT, kde je$té zbyvd dokoncit 7 sekei k TP 15.
Na JTT prubé&zné pokracuji i prace na betondzi definitivniho osté-
ni horni klenby, kde byla dokonéena montdZ pridavného bednéni
pro bezpe¢nostni zaliv a 14. 10. 2009 probehla betondz prvni
sekce.

Dne 21. 7. 2009 byla zahdjena protirazba STT a s mésicnim
odstupem i protirazba JTT z portdlu Letnd. Razba kalot z Letné
podchdzi brzy po provedeni rozriZzek pod obytnou zdstavbou.
Vzhledem k minimdlnim deformacim primdrniho osténi a mire
sednuti kontrolnich geodetickych bodu na povrchu bylo mozné
pod prvnimi povrchovymi objekty projit s horizontdlnim ¢lenénim
razeného prufezu. Do 30 m od portdlu Letnd je jiz také uzavien
cely profil obou tunelovych trub STT a JTT spodni klenbou.
V blizkosti portdlu mezi obéma tunely je vyraZzena také prvni tech-
nologickd propojka, kterd umoznuje plynulé pokralovéni razeb
obou tunelovych trub v soubéhu s provadénim hloubenych &asti
technologického centra vetné ndsledné provadéného definitivniho
osteni JTT. Z portdlu Letnd je v STT vyrazeno celkem 207 m
a v JTT 115 m kaloty.

THE CZECH REPUBLIC

MYSLBEKOVA — PELC-TYROLKA SECTION
OF THE CITY CIRCLE ROAD

THE SPEJCHAR - PELC-TYROLKA (SPELC) TUNNEL

The excavation of top headings of both the NTT and STT has advanced
beyond the Slechta’s restaurant, having successfully passed through
a geological fault on the interface between the Revnice Quartzites and Letnd
Shales. At the moment when this contribution is being handed over, the
excavation of both top headings proceeds in the locations where the rock
cover is already thicker. At the same time, in the NTT, the excavation of the
entire top heading of the emergency parking bay has been completed. The
top heading excavation face itself is found under the Embassy of the Russian
Federation in the Czech Republic. The excavation of the emergency bay in
the STT is only now underway. As of 13 October 2009, 1575m and 1481m
of the top heading excavation has been completed in the NTT and the STT,
respectively. The work on the final lining has also been underway, with
340m of the invert completed in the NTT to date and the invert casting crews
moving also to the STT, where 7 blocks remain to be finished before tech-
nological cross passage 15 is reached. The casting of the upper vault lining
in the STT has fluently continued; the assembly of the emergency parking
bay formwork extension was finished and the first block was cast on 14th
October 2009.

The counter-heading of the NTT started on 215t July 2009, followed at
a one-month delay by the counter-heading of the STT from the Letnd por-
tal. The driving of top headings from Letn4 started soon after the beginning
to pass under a residential area. Owing to minimum deformations of the
primary lining and the rate of subsidence of survey control points on the
surface, it was possible to pass under the first existing buildings using the
top heading, bench and invert excavation sequence (the so-called horizon-
tal sequence). Closing of the whole tunnel profile by the invert has been
completed in both tunnel tubes, the NTT and STT, up to the distance of
30m from the Letnd portal. In addition, the first cross passage driving bet-
ween both tunnel tubes, in the vicinity of the portal, has been finished. It
allows the driving of both tunnel tubes to fluently continue in parallel with
the work on the cut-and-cover parts of the service centre, inclusive of the
subsequent casting of the final lining in the STT. From the Letnd portal, the



TuHel

TUNEL MYSLBEKOVA-PRASNY MOST (MYPRA)

Dne 9. 10. 2009 byla zahdjena razba STT tunelu MYPRA.
K datu sepsdni aktualit (13. 10. 2009) je vyraZeno 12,3 m kaloty.
Razba STT probihd v horizontdlnim &lenéni pii¢ného prurezu
tunelu. Tento systém clenéni je umoZznén tim, Ze tunely byly
zapustény cca 5 m niZe, nez pfedpoklddala zaddvaci dokumentace
stavby. Dle vysledku inZenyrskogeologického pruzkumu
i s ohledem na redlnou situaci na povrchu (zdstavba, tramvajové
koleje, inZenyrské sité atd.) se predpokldda délka raZzby
v horizontdlnim ¢lenéni v délce priblizné 250 m. Poté bude podle
pruzkumem ovéfenych geologickych podminek pravdépodobné
nutny prechod na svislé ¢lenéni vyrubu. Pokud nebude nutné uza-
virat v blizkosti portdlu bezprostiedné cely prurez tunelu, predpo-
kldd4 se v mésici Fijnu vyrazeni kaloty v délce 40 m.

TUNEL STAVBY 514 SILNICNIHO OKRUHU KOLEM PRAHY

PR3

Dokoncent stavebni ¢4sti tunelu nedaleko obce Lochkov se chyli
ke konci. BetondZze definitivniho osténi dvoupruhového tunelu
byly dokonceny véetné atypickych portdlovych bloku jiz na jare
leto$niho roku. Ve stoupajicim tfipruhovém tunelu byla v srpnu
dokoncena cementobetonovd vozovka. V klesajicim dvoupruho-
vém tunelu se zacinaji poklddat vrstvy konstrukce vozovky
s terminem dokoncenf{ v polovin¢ listopadu. Zbyvaji dokondit roz-
vody trubnich fadd pred obéma portdly. Provozné-technické
objekty pred portdly jsou dokonceny. V obou tunelovych troubach
probihd provddéni ndtéra vnitiniho lice osténi v soub&hu
s montazi technologického vybaveni tunelu. V soucasné dobé se
montuji rozvadéfe v propojkédch, hlavni osvétleni v tunelovych
troubdch a provadi se protahovédni kabelu. Hloubeny tunel pred
lochkovskym portdlem razenych tunelovych trub je prakticky
zasypan. Dokoncuje se Zelezobetonovy objekt strojovny vzducho-
techniky situovany nad klenbou tfipruhového tunelu.

TUNEL STAVBY 513 SILNICNIHO OKRUHU
KOLEM PRAHY

Na tunelu mezi Komorany a Cholupicemi probihaji price na
podkladovych vrstvach vozovek, na definitivnim krytu vozovky
i montazi technologického vybaveni, které zajistuje vyssi zhoto-
vitel stavby Skanska, a. s., Subterra a. s., jako hlavni podzhotovi-
tel tuneldfskych praci dokoncuje natéry definitivniho osténi

a provadi asfaltové zalivky. V nejbliZsi dobé se zahdji zdsyp hlou-
benych tseku a kone&né terénni tpravy.

TUNELY VMO DOBROVSKEHO

V Brné pokrauji razby na obou tunelovych troubdch, kde je
v dobé odevzdani pfispévku vyraZzeno 835 m v tunelu T II (prova-
di Subterra, a. s.), respektive 764 m v tunelu T I (razi OHL 78S).
V soubéhu bylo vybetonovdno na obou tunelovych troubédch pres
tfi sta metru definitivni protiklenby. Na tunelové troubé I se beto-
nuje délend protiklenba, zatimco na tunelové troubé II probihd
betondz po pasech na celou §ifi protiklenby. Vzhledem k existenci
mnoha povrchovych objekti nad tunely vyhodnocuje prubézné
vSechny vysledky méfeni Rada monitoringu. Vyvoj poklesové
kotliny na obou troubdch je zatim uspokojivy. V souladu
s projektovym zaddnim se zacaly provddét na tunelu T II mikro-
pilotové ,,destniky* v dseku dlouhém 120 m. Celkem bude razba
zabezpedena 15 ,,destniky* z 19 kust mikropilot o délce 16 m.

DALNICE D8-805 LOVOSICE-REHLOVICE

Na stavbé délnice D8 Lovosice—Rehlovice pres Ceské stiedo-
hof{ na dsteckém portalu tunelu Radej¢in po odtéZeni jamy hlou-
beného useku byla zahdjena razba jizniho tunelu. K 13. 10. 2009
bylo vyrazeno 102 m na kaloté tunelu a 66 m na opé€ri a dn€ tune-
lu. Stavba tunelu bude pokracovat v nejbliz§i dobé odtéZenim
druhé Césti hloubeného tseku a pripravou na razbu severniho
tunelu.

Na vyrazeném tunelu Prackovice probihaji prdace na vystavbé
Zelezobetonovych konstrukei hloubenych tuneld na prazském
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length of 207m and 115m of the top heading in the NTT and STT has been
finished, respectively.

MYSLBEKOVA-PRASNY MOST (MYPRA) TUNNEL

The excavation of the NTT of MYPRA tunnel started on 9th October
2009. As of the date of preparing the Current News (13th October 2009),
12.3m of the top heading excavation have been completed. The NTT is
being driven using a horizontal excavation sequence. This sequence is pos-
sible owing to the fact that the alignment of tunnels was sunk approximate-
ly Sm deeper than planned in tender documents. According to results of
engineering geological surveys and taking into consideration the real situa-
tion on the surface (buildings, tram rails, utility services etc.), The horizon-
tal sequence is expected to be applicable to the length of about 250m. Then,
according to the geological conditions verified by the survey, it will be pro-
bably necessary to switch to a vertical excavation sequence (side drifts and
a central pillar). Unless it is necessary to close the whole profile immediate-
ly in the vicinity of the portal, it is expected that the length of 40m of the top
heading excavation will be complete.

THE TUNNEL IN CONSTRUCTION LOT 514 ON THE PRAGUE
CITY RING ROAD

The work on the civils part of the tunnel near the village of Lochkov is
nearing completion. The casting of the double-lane tunnel final lining, inc-
luding atypical portal blocks, was finished in the spring of 2009. As far as
the ascending, triple-lane tunnel is concerned, the concrete roadway was
completed in August. In the descending, double-lane tunnel, the laying of
structural layers of the roadway has started, with the completion deadline in
the middle of November. The installation of pipelines in front of both por-
tals remains to be carried out. The service buildings in front of the portals
have been finished. The coating of the inner lining surface is underway, in
parallel with the installation of tunnel equipment. Currently, switchboards in
cross passages and the lighting in the tunnel tubes are being installed and
cables are being pulled in. The backfilling of the cut-and-cover tunnel in
front of the Lochkov portal of the mined tunnels has been virtually comple-
ted. The reinforced concrete structure of the ventilation plant, which is loca-
ted above the triple-lane tunnel vault, is being completed.

THE TUNNEL IN CONSTRUCTION LOT 513 ON THE PRAGUE
CITY RING ROAD

The construction work on the tunnel between Komorany and Cholupice
is underway, comprising the installation of the road base, the final road
cover and tunnel equipment by Skanska, a.s., the main contractor; Subterra
a.s., the subcontractor for the tunnelling work, is completing the application
of coating on the final lining surface and carrying out asphalt joint filling.
Backfilling of the cut-and-cover sections and final terrain finishing will start
shortly.

DOBROVSKEHO TUNNELS ON THE LARGE CITY CIRCLE
ROAD IN BRNO

In Brno, the excavation has continued on both tunnel tubes; 835m of tun-
nel T II and 764m of tunnel T I were completed by Subterra a.s. and OHL
78, respectively, till the moment of submitting this contribution. Over three
hundred metres of the final invert were cast concurrently in both tunnel
tubes. The invert casting is divided into halves in tunnel tube I, while the
invert in tunnel tube II is cast in full-width blocks. Because of the existence
of many surface buildings above the tunnels, all measurement results are
continually assessed by the Monitoring Board. The settlement trough has
developed on both tubes satisfactorily. Canopy tube pre-support installation
has started on tunnel tube T II within a 100m long section, as required by the
design. The excavation will be supported by a total of 15 canopies consis-
ting of 19 tubes 16m long.

D8 MOTORWAY — CONSTRUCTION LOT 805:
LOVOSICE-REHLOVICE

The excavation of the southern tube of the ﬁeb]ovice tunnel at the con-
struction of the D8 motorway section Lovosice-Rehlovice running across
the Ceské Stfedohof (the Bohemian Central Highlands) commenced at the
Usti nad Labem portal when the excavation of the construction trench for
the cut-and-cover section had been finished. As of 13/10/2009, 102m of the
top heading and 66m of the bench and invert excavation have been comple-
ted. The tunnel construction will proceed shortly by excavating the trench
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portdlu. Po dokonéeni montdZze formy byla koncem zéfi vybeto-
novdna prvni sekce konstrukce hloubeného tunelu.

Razici prdce na tunelu Radejé¢in a betondrské na tunelu
Prackovice provddi firma Metrostav.

KANALIZACE KARVINA A MIKROTUNELOVANI

VSechny razici prace byly na stavbé kanalizace v Karviné jiz
ukonceny. Jednalo se o mikrotunelovdni v profilech 300, 400,
1000 a 1400 mm, dédle o razbu otevienym Stitem a klasickou
razbu. V soulasné dobé se provadeji dokoncovaci a tklidové
prace. Stavbu realizovalo sdruzeni firem TCHAS, OHL 7S
a VOKD. Hlavnim dodavatelem mikrotunelovacich praci byla
Subterra.

KOLEKTOR VACLAVSKE NAMEST-OPRAVA TRASY C

Oprava trasy C kolektoru Vdclavské ndmésti spéje ke svému
konci. Probihd montdZ ocelovych konstrukci ve vlastni trase,
v Sachtdch, ale i v domovnich pripojkach. Pfipojky jsou vystrojo-
vany konzolami pro budouci uloZeni trubnich a kabelovych vede-
ni. V Sachtdch se montuji lezni oddéleni pro zajisténi vstupu obs-
luhy kolektoru z povrchu. Prace probihaji také na montdZzi vodo-
vodnich fadi DN 500 a DN 200, na silovych rozvodech, na vzdu-
chotechnice kolektoru a na zajisténi mérici i regulacni technikou.

Do konce fijna budou odstranény vSechny zdbory na povrchu,
které s opravou kolektoru souviseji a komunikace budou uvedeny
do puvodniho stavu. Od té doby budou veskeré zbyvajici prdce
probihat pouze v podzemi ve vlastnim kolektoru. V planu jsou tla-
kové zkousky vodovodnich fadu, komplexni zkousky technolo-
gickych souborl a postupné preddvani dila budoucimu uZivateli.
Pripomindme, Ze stavbu realizovalo sdruzeni MENASU
(Metrostav, Navatyp, Subterra).

ING. BORIS SEBESTA, sebesta@metrostav.cz,
METROSTAYV a.s.,

ING. KAREL FRANCZYK, Ph.D., k franczyk@subterra.cz,
SUBTERRA a. s.

SLOVENSKA REPUBLIKA
TUNEL BORIK

V letnych mesiacoch pokracovali prace na montdzach technolo-
gického vybavenia tunela Borik (985 m) na udseku dialnice D1
Mengusovce — Jdnovce na severe Slovenska. Na jesen prisli na rad
funkéné a komplexné skisky jednotlivych zariadeni. Investorom
a prevadzkovatelom tunela je Narodnd dialniénd spoloc¢nost,
a. s. Zhotovitelom stavby je zdruZenie InZinierske stavby — Marti
Contractors, priCom zhotovitefom stavebnej Casti tunela je Marti
Contractors a zhotovitefom technologickej Casti tunela je PPA
Controll, a. s. Otvorenie tunela je planované na 4. decembra 2009.

REKONSTRUKCIA TUNELA POD HRADOM V BRATISLAVE

Rekonstrukcia elektrickového tunela pod Hradom pokracovala
v letnych mesiacoch pracami spojenymi so sfunkénenim odvod-
novacieho systému. V auguste sa zacal budovat aj Zelezobeténo-
vy kandl pre uloZenie zdsobovacieho vodovodného potrubia prie-
meru 800 mm. Tunel dlzky 792 m bol vybudovany v rokoch
1943-1949 ako cestny a v roku 1983 bol po celkovej rekonS$truk-
cii zmeneny na elektri¢kovy. Investorom stavby je Dopravny pod-
nik Bratislava, a. s., zhotovitelom stavby je ZdruZenie pre elekt-
ricku pod hradom tvorené firmami OHL ZS, a. s., Skanska BS,
a. s., a Trnavskd stavebnd spolo¢nost; a. s.

TUNEL TURECKY VRCH

V letnych mesiacoch 2009 bola vyhodnotena opakovana stitaz na
vystavbu Zelezni¢ného tseku Nové Mesto nad Vdhom — Zlatovce
na trati Bratislava — Zilina, ktorého stcastou je aj tunel Turecky
vrch. Vitazom siitaZe sa stalo zdruZenie vedené Ceskou spolo¢nos-
tou OHL 78, a. S., so sidlom v Brne. Dalsimi ¢lenmi zdruzenia su
slovenské firmy Skanska BS, a. s., Prievidza, Védhostav — Sk, a. s.,

for the second part of the cut-and-cover tunnel and preparing for the exca-
vation of the northern tunnel tube.

On the Prackovice tunnel site, where the excavation has been completed,
the erection of reinforced concrete structures of cut-and-cover tunnels at the
Prague portal is underway. The first section of the cut-and-cover tunnel was
cast at the end of September, when the assembly of the formwork had been
finished.

The Radej¢in tunnel excavation and the casting of structures in the
Prackovice tunnel is carried out by Metrostav.

KARVINA SEWERAGE — MICROTUNNELLING

All excavation operations for the Karvind sewerage project have been
finished. They comprised microtunnelling at profiles of 300, 400, 1000 and
1400mm profiles, open shield driving and traditional driving. At the
moment, finishing and maintenance work is underway. The contractor for
the construction works was a consortium consisting of TCHAS, OHL ZS
and VOKD, with Subterra as the main sub-contractor for the microtunnel-
ling operations.

THE WENCESLAS SQUARE UTILITY TUNNEL - REPAIR TO
THE C ROUTE

The repair to the C route of the Wenceslas Square utility tunnel is drawing
to its end. Steel structures are being installed in the tunnel itself, but also in
shafts and branch lines connecting to buildings. Brackets are being installed
in the branches for future installations of pipelines and cables. Ladder com-
partments allowing access of the utility tunnel operating personnel from the
surface are being assembled in shafts. The installation of water pipelines DN
500 and DN 200mm, power cables, the utility tunnel ventilation equipment
and measurement and regulation instruments is underway.

The land on the surface temporarily used for the repair of the utility tun-
nel will be vacated by the end of October and roads will be reinstated. From
that moment, all remaining work will be carried out only underground, in
the utility tunnel itself. The future plan comprises pressure tests of water
lines, comprehensive tests of equipment sets and gradual handing of the
works over to the future user. We note that the construction was carried out
by MENASU consortium consisting of Metrostav, Navatyp and Subterra.

ING. BORIS SEBESTA, sebesta@metrostav.cz, METROSTAV a. s.,
ING. KAREL FRANCZYK, Ph.D., k.franczyk@subterra.cz,
SUBTERRA a. 5.

THE SLOVAK REPUBLIC
THE BORIK TUNNEL

Summer months saw the continuation of the installation of equipment of
the 985m long Borik tunnel on the D1 motorway section Mengusovce —
Janovce, in the north of Slovakia. Functional and comprehensive testing of
individual items of equipment was carried out in the autumn. The client and
operator of the tunnel is Ndrodn4 dialni¢né spolocnost’a.s. The contractor is
an InZinierske stavby — Marti Contractors consortium, with Marti
Contractors as the contractor for the civils part of the tunnel and PPA
Controll a.s. as the contractor for the equipment. The tunnel opening to traf-
fic is planned for 4th December 2009.

RECONSTRUCTION OF THE TUNNEL UNDER THE
BRATISLAVA CASTLE

The reconstruction of the tram tunnel under the Bratislava Castle conti-
nued during summer months by works connected with placing of the drai-
nage system into service. August saw the beginning of the work on
a reinforced concrete duct, which will house an 800mm diameter supply
water main. The 792m long tunnel was built in 1943 — 1949 as a road tun-
nel. In 1983, it was converted, after a general reconstruction, into a tram tun-
nel. The client is Dopravny podnik Bratislava a.s. (a public transport com-
pany), the contractor is the Consortium for Tram under the Castle, consis-
ting of OHL ZS, a.s., Skanska BS a.s. and Trnavsk4 stavebna spolocnost’a.s..

THE TURECKY HILL TUNNEL

In summer months of 2009, repeated tender proceedings were concluded
for the construction of the Nové Mesto nad Véhom — Zlatovce section of the
Bratislava - Zilina rail line, a part of which is the Turecky Hill tunnel. The
contract was awarded to a consortium led by OHL ZS, a.s., a Czech compa-
ny having its seat in Brno. The other members of the consortium are the
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Zilina, Doprastav, a. s., Bratislava a Eltra, spol. s r. 0., Kogice.
Turecky vrch bude prvym modernym slovenskym ZzZelezni¢nym
tunelom navrhnutym na rychlost’ 160 km/hod. Tunel bude dvojko-
lajny, s jednou rirou diiky 1775 m a dnikovou §tdlriou priblizne
v strede dlzky tunela. Stavenisko bolo zhotovitelovi odovzdané
v septembri a ndsledne zacali pripravné priace. ZaCiatok razenia
tunela sa ocakdva na jar roku 2010.

PPP PROJEKTY NA VYSTAVBU DIALNIC
A RYCHLOSTNYCH KOMUNIKACI(

V piatok 16. 10. 2009 sa za tcasti najvyssich predstavitelov SR
oficidlne zacali prace na prvom baliku PPP projektov dialnice D1
Dubnd Skala — Turany, Turany — Hubova, Hubovd — Ivachnova,
Janovce — Jablonov a Fricovce — Svinia v celkovej dizke okolo 75
kilometrov s tunelmi Rojkov (1,8 km), Havran (2,8 km), Cebrat' (2
km) a Sibenik (0,6 km). Konzorcium firiem Bouygues, Doprastav
a Vdhostav—SK, Colas, Intertoll a Mota Engil podpisalo
s Ministerstvom dopravy, post a telekomunikdcii SR (MDPT SR)
dohodu o tzv. pred¢asnych prdacach, ktoré predstavuji najmi pri-
pravu tzemia, dopliujici inZinierskogeologicky prieskum a pro-
jektovu pripravu objektov na kritickej ceste, medzi ktoré patria aj
portaly tunelov. Konzorcium ma s MDPT SR uzavriet’ finan¢né
krytie celého projektu do 15. 2. 2010. Ak bude UspeSny aj tento
krok, za¢ne sa od zaciatku marca s intenzivnymi prdcami na vSet-
kych objektoch dialnice, teda aj Styroch dvojrirovych dialni¢nych
tuneloch. Dokoncenie dialnice sa predpokladd v roku 2012, med-
zikrizovatkovych tdsekov s tunelmi v roku 2013.

ING. MILOSLAV FRANKOVSKY, frankov-
sky@terraprojekz.sk, TERRAPROJEKT, a. s.,

ING. VIKTORIA CHOMOVA, chomova@dopravoprojekt.sk,
DOPRAVOPROJEKT, a. s.
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following Slovak firms: Skanska BS, a.s. Prievidza, Vdhostav - Sk, a.s. Zilina,
Doprastav, a.s. Bratislava and Eltra, spol. s r. 0. KoSice. The Turecky Hill will
be the first modern Slovak railway tunnel designed for the speed of 160km/h.
The tunnel will be of the double-rail design, with one tube 1775m long and an
escape gallery approximately in the middle of the tunnel length. The con-
struction site was handed over to the contractor in September, and then the
preparatory work commenced. The tunnel excavation is expected to start in
the spring of 2010.

PPP PROJECTS FOR THE DEVELOPMENT OF MOTORWAYS
AND EXPRESSWAYS

On Friday the 16th October 2009, the work started on the first package of
PPP projects for the D1 motorway sections Dubnd Skala - Turany, Turany -
Hubova, Hubova - Ivachnova, Janovce - Jablonov and FriCovce — Svinia, at
the total length of about 75 kilometres, containing the following tunnels:
Rojkov (1.8 km), Havran (2.8 km), Cebrat' (2.0 km) and Sibenik (0.6 km).
A consortium consisting of Bouygues, Doprastav and Vahostav—SK, Colas,
Intertoll and Mota Engil signed a contract with the Ministry of Transport,
Posts and Telecommunications of the Slovak Republic (MTPT SR) covering
the so-called preliminary work comprising, first of all, the site preparation,
a complementary engineering geological survey and a design for structures on
the critical path, with tunnel portals among them. The consortium is expected
to conclude the agreement on funding of the entire project with the MTPT SR
by 15/2/2010. If even this step is successful, it will start to intensely work on
all motorway structures, including the four twin-tube motorway tunnels. The
completion of the motorway is expected to take place in 2012, the completi-
on of inter-crossing sections with tunnels in 2013.

ING. MILOSLAV FRANKOVSKY, frankovsky@terraprojekz.sk,
TERRAPROJEKT, a.ss.,

ING. VIKTORIA CHOMOVA, chomova@dopravoprojekt sk,
DOPRAVOPROJEKT, a. s.

ZPRAVODAIJSTVI CESKE TUNELARSKE ASOCIACE ITA-AITES
CZECH TUNNELLING ASSOCIATION ITA-AITES REPORTS
www.ita-aites.cz

VZPOMINKOVY OBRAD ZA PROF. ZDENKA EISENSTEINA, PH.D., D.SC., P.ENG.
COMMEMORATIVE CEREMONY IN REMEMBRANCE OF PROF. ZDENEK EISENSTEIN, PH.D., D.SC., P.ENG.

V Betlémské kapli v Praze 1-Starém Mésté se v patek 4. zari 2009
konal vzpominkovy obrad za profesora Zdenka Eisensteina, Ph.D.,
D.Sc., PEng., ktery zesnul letos 1. &ervna. Na vyznamného svétového
odbornika v oboru podzemniho stavitelstvi a mimorddného ¢lovéka
prisla vzpomenout a jeho pamdtce vzdat Cest fada Ceskych
i zahrani¢nich osobnosti, kolegii nebo spolupracovniki z profese
i z Mezindrodni tuneldiské asociace ITA-AITES. Prezidentem asocia-
ce byl profesor Eisenstein v letech 1992 az 1995.

Zucastnila se i rodina zesnulého, predev§im jeho manzelka Jana
a dcery Jana a Alice.

Vzpominkovy obfad zahdjil a modlitbu pronesl pater Dr. Vojtéch
Eli4s, prodékan Katolické teologické fakulty Univerzity Karlovy.

Pak ndsledovaly projevy za rodinu zesnulého (Jana Eisen-
steinova ml., synovec Ing. Jan Sperger).

Za prétele profesora Eisensteina, za jeho kolegy a spolupracovniky
promluvili:

Ing. Milan Miessler

Ing. Jindfich Hess, Ph.D., Metrostav a. s.

Dr. Martin Herrenknecht, Herrenknecht AG, Schwanau, Némecko

Claude Berenguier, generdlni sekretdr Mezindrodni tuneldrské aso-
ciace, Lausanne, §V}'Icarsko

Dr. Harvey Parker, byvaly prezident ITA-AITES, Seattle, USA

Rick Staples, prezident Kanadské tuneldrské asociace, Toronto,
Kanada

A commerative ceremony in remembrance of Professor Zdenek
Eisenstein, Ph.D., D.Sc., PEng., who deceased this year on 1st June,
was held in the Bethlehem Chapel on Friday the 4th September 2009.
Many Czech and foreign personalities, colleagues or collaborators
from the field of his profession or the ITA-AITES came to remember
and honour this eminent expert of world renown in the field of
underground engineering. Professor Eisenstein was the ITA-AITES
president in the 1992 to 1995 term.

The family of the deceased, above all his wife Jana and daughters
Jana and Alice also attended the ceremony.

The commemorative ceremony was opened by Father Dr. Vojtéch
Elids, sub-dean of the Catholic Theological Faculty of the Charles
University.

Then, speeches on behalf of the family of the deceased followed
(Jana Eisensteinovi jr., Ing. Jan Sperger, cousin)

On behalf of Professor Eisenstein friends, colleagues and collabo-
rators, speeches were delivered by:

Ing. Milan Miessler

Ing. Jindrich Hess, Ph.D., Metrostav a. s.

Dr. Martin Herrenknecht, Herrenknecht AG, Schwanau, Germany

Claude Berenguier, General Secretary of the International
Tunnelling Association, Lausanne, Switzerland

Dr. Harvey Parker, ITA/AITES ex-president, Seattle, USA
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prof. Ing. Véclav Havlicek, CSc., rektor CVUT Praha

doc. Ing. Josef Jettmar, CSc., prodékan Fakulty stavebni CVUT

Ing. Karel Réssler, Ph.D., technicky expert Metrostav a. s.

Ing. Ivan Hrdina, prezident Ceské tuneldiské asociace

Setkdni bylo distojnou pripominkou osobnosti profesora Zdenka
Eisensteina a jeho vynikajiciho pusobeni v tuneldfském oboru.

ING. MILOSLAV NOVOTN Y, sekretdr CzTA ITA-AITES,
ING. KAREL ROSSLER, Ph.D., METROSTAY a. s.

Pohled na ucastniky vzpominkového obradu (zleva): Rick Staples, prezident
Kanadské tuneldrské asociace, Dr. Harvey Parker, byvaly prezident ITA-
AITES (USA), Claude Berenguier, generdlni sekretdr mezindrodni tuneldr-
ské asociace ITA-AITES se sidlem v Lausanne, Dr. Martin Herrenknecht,
zakladatel a generdlni feditel fy Herrenknecht AG, manZelé Hessovi, manZe-
1lé Meislerovi, blizci rodinni pritelé

View of attendees at the commemorative ceremony (left to right): Rick
Staples, President of Tunnelling Association of Canada; Dr. Harvey Parker,
ITA/AITES ex-president (USA), Claude Berenguier, General Secretary of the
International  Tunnelling  Association, Lausann, Dr. Martin
Herrenknecht founder and C.E.O. of Herrenknecht AG, Mr. and Mrs. Hess,
Mr. and Mrs. Meisler, close family friends

Rick Staples, President of Tunnelling Association of Canada,
Toronto, Canada

Prof. Ing. Vaclav Havli¢ek, CSc., President of the Czech Technical
University in Prague

Doc. Ing. Josef Jettmar, CSc., Sub-Dean of the Faculty of Civil
Engineering of the Czech Technical University in Prague

Ing. Karel Rossler, Ph.D., technical expert, Metrostav a. s.

Ing. Ivan Hrdina, President of the Czech Tunnelling Association

The meeting was a dignified remembrance of Professor Zdenek
Eisenstein personality and his excellent work in the field of tunnel
construction.

ING. MILOSLAV NOVQTNY, Secretary CzTA ITA-AITES,
ING. KAREL ROSSLER, Ph.D., METROSTAY a. s.

Pani Jana Eisensteinovd, manZelka profesora Eisensteina, s dcerami Janou
a Alici (zleva)

Mrs. Jana Eisensteinovd, Professor Eisenstein wife, with daughters Jane and
Alice (left to right)

PRIPRAVA MEZINARODNI KONFERENCE PODZEMNI STAVBY PRAHA 2010
PREPARATION OF THE INTERNATIONAL CONFERENCE UNDERGROUND CONSTRUCTIONS PRAGUE 2010

Pripravny vybor a védeckd rada mezindrodni konference Podzemni
stavby Praha 2010 pozitivné hodnotily na svém jedndni dne 25. zaf{
2009 postup pripravy konference. Predeviim potésil vysoky pocet
abstraktu, kterych doslo 194 z celkem 24 zemi svéta. Jsou také jiZ zndmi
predndSejici a témata Keynote Lectures a tdvodnich prednasek
v jednotlivych sekcich:

Keynote Lectures

* prof. Josef Aldorf (CR): Realizované a pfipravované projekty pod-

zemnich staveb v CR v poslednim desetileti

» prof. Jiii Bartdk (CR): Piehled vyvoje tunelaiskych technologii v CR

e prof. Walter Wittke (Némecko): Vhodné posouzeni stability tunelt

v rozrusenych hornindch

The Preparatory Committee and the Scientific Council of the International
Conference Underground Constructions Prague 2010 positively evaluated the
Conference preparation process at their meeting on 25 September 2009. First of all,
it was the high number of abstracts (194 abstracts from 24 countries all over the
world) that gave the organisers lots of pleasure. Even the names of lecturers and
topics of Keynote Lectures and opening lectures in individual sections are known:

Keynote Lectures

e Prof. Josef Aldorf (CR): Completed and prepared tunnelling projects in the

Czech Republic in the last decade

* Prof. Jifi Bartdk (CR): Overview of development of tunnelling technologies

in the Czech Republic

* Prof. Walter Wittke (Germany): Adequate stability assessment for tunnels in

jointed rock
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¢ Dr. Nick Barton (Norsko): Predikce TBM razeb ve skalnich horni-
néch oslabenych poruchami pomoci klasifikace QTBM a reSent ruz-
nymi typy TBM - priklady

Vyzvané prednésky v sekcich

e Sekce 1 — prof. Robert Galler (Rakousko): NRTM — rakousky pri-

stup ke konven¢nimu tunelovan{

e Sekce 2 — prof. Marcus Thewes (Némecko): Prehled technologii

mechanizovaného tunelovani pro stdle ndro¢néj$i podminky razby

* Sekce 3 — prof. Wulf Schubert (Rakousko): Soucasny stav pruzku-

mu, monitoringu a fizenf rizik

* Sekce 4 — Dr. Alun Thomas (Velkd Britdnie/Madarsko): Nové vyzvy

v oblasti numerického modelovan{

* Sekce 5 — Mr. Jean-Gilles Arnaudet (Francie): Jaké je vybaveni tune-

1u? Jak ho pouZivat a udrZovat?

e Sekce 6 — Dr. Harald Wagner (Rakousko): Pro¢ nejit pod zem?

Z hlediska postupu piipravy konference je vhodné jesté uvést, Ze byla
rozesldna broZura nabizejici placenou podporu konference (sponzoring)
obsahujici i nabidku inzerce v konferencnich tiskovindch a informaci
o technické vystave.

Bylo také vytiSténo a expedovdno 2. ozndmeni v ¢eském a anglickém
jazyce. Registrace dastniki véetn€é moZnosti zajistit si ubytovani pres
www.ita-aites.cz byla aktivovdna zacdtkem listopadu 2009.

DulezZity termin pro autory: prispévky zpracované v souladu s pokyny
pro jejich pfipravu musi zaslat do 15. ledna 2010. O prispévcich vybra-
nych k ordlni prezentaci budou piislu$ni autori informovani do 28. iinora
2010.

Soucésti konference bude spolecenské setkani v historickych prosto-
rach Brevnovského kldstera v Praze 6.

Sledujte aktudln{ informace na www.ita-aites.cz!!!

ING. MILOSLAV NOVOTN Y, ita-aites.@metrostay.cz
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* Dr. Nick Barton (Norway): TBM prognoses through hard rock with weakness zones

using QTBM methods and open or push-off-liner TBM solutions — examples

Invited lectures in sections

* Section 1 - Prof. Robert Galler (Austria): NATM — the Austrian practice of

conventional tunnelling

e Section 2 - Prof. Marcus Thewes (Germany): Review of Mechanized

Tunnelling Technology for increasingly difficult Site Conditions

e Section 3 - Prof. Wulf Schubert (Austria): Current state of investigation,

monitoring, and risk management

e Section 4 - Dr. Alun Thomas (Great Britain/Hungary): New challenges in

numerical modelling

e Section 5 - Mr. Jean-Gilles Arnaudet (France): Which Tunnel Equipments?

How use and maintain them?

* Section 6 - Dr. Harald Wagner (Austria): Why not Underground?

Regarding the Conference preparation progress, it is reasonable to add that a
brochure has been distributed, offering paid support for the Conference (sponso-
ring), containing also an offer for advertising in the Conference printed matters
and information on the Technical Exhibition.

In addition, the 2nd Announcement was printed in Czech and English and dis-
patched. The registration of attendees, including the possibility of booking the
accommodation via www.ita-aites.cz, was activated at the beginning of
November 2009.

An important deadline for authors: papers prepared in compliance with the
instructions for authors must be sent no later than 15t January 2010. The infor-
mation about papers selected for oral presentation will be sent to respective aut-
hors by 28th January 2010.

Part of the Conference will be a Gala Party on the historic premises of the
Brevnov Monastery in Prague 6.

Follow topical information on www.ita-aites.cz!!!

ING. MILOSLAV NOVOTN. Y, ita-aites.@metrostav.cz

EXKURZE CLENU CESKE TUNELARSKE ASOCIACE NA STAVBU DRUHE TUNELOVE TROUBY

TAUERNSKEHO TUNELU

EXCURSION OF MEMBERS OF THE CZECH TUNNELLING ASSOCIATION TO CONSTRUCTION SITES
OF THE SECOND TUNNEL TUBE OF THE TAUERN TUNNEL

An excursion to the construction of the second tunnel tube of the Tauern
Tunnel on the A10 motorway, Austria, took place in the framework of an Away
Meeting of the Editorial Board of TUNEL on Friday the 2nd October 2009. It was
attended by about 30 professionals from the ITA-AITES Czech Tunnelling
Association, who, at the same time, visited a traffic management centre in St.
Michael and the Tauernstrasse Museum in the town of Eben im Pongau.

V rdmci vyjezdniho zaseddni redakéni rady casopisu Tunel se uskuteCnila
v pdtek 2. fijna 2009 exkurze na stavbu druhé tunelové trouby Tauernského
tunelu. Tunel leZf na délnici A10, ktera je duleZitou evropskou komunikaci spo-
jujict sever s jihem. Vystavba prvni tunelové trouby délky 6801 m probihala od
29. ledna 1971 do 19. ledna 1974. Razbu pomoci NRTM provazely
v problematickych dsecich tla¢ivych hornin deformace vyrubu, které vedly
k takovému poskozeni primarniho ostén, Ze nebylo schopné plnit svou nosnou
funkci. Rozsdhlé poskozeni osténi vedlo k dal$imu nérustu deformaci a celé
tseky tunelu musely byt slozité sanovény.

Skute¢nost, Ze hieben Alp podchdzela délnice dosud jen jednou tunelovou
troubou s obousmérnym provozem, byla spolu s ndrastem kamionové dopravy
pri¢inou dopravnich komplikaci i velkého neStésti pri poZéru, ktery v tunelu
vypukl v brzkych rannich hodinach dne 29. 5. 1999. Havarii zapfiCinil fidi¢ kami-

Obr. 1 Nové vybaveni ridiciho centra St. Michael
Fig. 1 Unfinished new traffic management room

onu, ktery pri jizde z Itdlie narazil v rychlosti 50 km/hod do kolony 13 vozidel sto-
jicich na semaforu cca 800 m pred severnim portdlem. PoZir pohonnych hmot
z poskozené nddrZe jednoho z automobill se postupné rozsifil i na ostatni auto-
mobily a ved] k vybuchu spreju naloZenych na kamionu stojicim v kolon€. PoZdr
se ddle §ifil 400 m na sever a 700 m na jih od nehody. Béhem pozru, pii kterém
dosahovala teplota az 1200 °C a ktery trval 5 hodin, doslo k ¢dstecnému ziiceni
mezistropu. S Zivlem bojovalo 245 hasict, bylo zranéno 49 lidf a 12 lid{ pfi nestés-
t{ zahynulo.

Spolu s dal§imi pozdry v tunelech iniciovala tato nehoda zménu legislativy
v evropském méfitku. Nésledné zavedeni bezpecnostnich opatfeni mé za cil zvy-
Senf bezpe¢nosti provozu a zamezeni vzniku obdobnych nestésti. V pripadé tune-
10 Tauern i Katschberg znamenalo zavedeni bezpecnostnich opatieni vystavbu
druhé tunelové trouby.

Prabéh exkurze

Po celou dobu exkurze se G¢astnikim vénoval zéstupce firmy SPIRK & PART-
NER (www.spirk.at) pan Dipl.-Ing. Ralf Vergeiner. Firma na stavbe zajistuje dozor
investora a geotechnicky dozor. Exkurze nezacala na stavbé tunelu, ale nav§tévou
Fidiciho centra ve St. Michael, ze kterého je krom¢ tunelu Tauern fizen i 5898 m
dlouhy tunel Katschberg. Druhd tunelové trouba tohoto tunelu byla uvedena do

Obr. 2 Pohled na deformacni elementy osazované do primdrniho osténi
Fig. 2 View of yielding elements installed in the primary lining
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Obr. 3 Dva druhy pouZitych elementu
Fig. 3 Two types of the elements used

provozu 4. 4. 2008, ale obousmérmy provoz trval kvili sanaci prvnf tunelové trou-
by aZ do 30. 4. 2009. Rada dotazui na obsluhu fidiciho centra samoziejmé sméfo-
vala ke zvySeni bezpecnosti provozu. Soucdsti vystavby druhé tunelové trouby
Tauernského tunelu je i 28 tunelovych propojek (3 prijezdné pro nékladni vozid-
la, 7 prijezdnych pro zéchrannd vozidla a zbyvajicich 18 propojek je prichozich),
7 zéliva a 52 hlasek SOS a pozérnich hydranti. V soucasné dobé se jiz rozbihd
zkuSebni provoz nového fidictho centra, do kterého bude napojeno vSech 14 tune-
10 v dseku délnice od Salcburku az po Vilach (obr. 1).

Po ndvsteve fidiciho centra se dCastnici exkurze presunuli na severni portdl
tunelu, kde nejprve probéhla prednaska o prubéhu vystavby od razby aZ po
betond? definitivniho osténi a vozovky a nésledné vlastni exkurze do tunelu.

Druhd tunelova trouba je navrzena ve standardni dalni¢ni{ kategorii T7.5 se Sitkou
jizdnich pruht 3,5 m a vodicimi prouzky $itky 25 cm. Razba druhé tunelové trouby
byla zahdjena v zafi 2006 a tunel délky 6545 m byl prorazen v listopadu 2008
v rekordnim Case 22 mésicu. Postup vystavby ztéZovala na severnim portdle mohut-
nd zéna nesoudrznych suti, kterymi musel tunel projit. Vyrub probihal
s horizontdlnim ¢lenénim profilu, ale pii razbé kaloty musel byt déle ¢lenén na dil&{
vyruby, které byly rychle stabilizovany ndstikem betonu se siti. I kdyZ se standardn{
tloustka primdrniho osténi pohybuje do 25 cm, v tomto tseku byla zvétSena az na
30 cm a razbu kaloty provézelo rychlé uzavirdni docasné spodni klenby. Systémové
kotveni bylo v tomto pripadé provadéno pouze na bocich tunelu a v horni klenb¢ pre-
néSelo veskeré zatiZeni primdrni osténi vyztuZené 2 vrstvami siti.

Na zdkladé zkuSenosti z razby prvni tunelové trouby se ocekdvaly
v nésledujicich dsecich oblasti silné tlativych hornin. Tloustka primdrniho osténi
se zde pohybovala jen do 20 cm a zdkladni nosnou funkei pfebiral horninovy
masiv prokotveny i v po¢vé tunelu dlouhymi kotvami typu SN. Velkou roli hralo
i kotveni &elby kotvami délky az 15 m. Pro zvlddnuti dseku tla¢ivych hornin byly
kromé poddajného primarniho osténi pouZity deformacni elementy dvou ruznych
konstrukei osazované do podélnych nik v primdrnim osténi (obr. 2, 3 a 4). Jejich
G¢innost a vyhodnost pouZiti se vzdjemné porovndvala a vyhodnocovala.
Kritériem pro jejich pouZiti byla rychlost ndristu radidlnich deformaci za 24
hodin. Pfi ndrtstu deformace do 3 mm/24 hod. se deforma¢ni elementy neosazo-
valy. Pfi deformaci 3 a7 6 mm/24 hod. se v osténi vytvarely dvé fady elementu, pri
rychlosti od 6 do 12 mm/24 hod. — ¢tyfi a pri rychlosti deformace pres 12 mm/24
hod. Sest nik s deforma¢nimi elementy. Diky pouZiti deformacnich elementt nedo-
§lo k podrceni primdrniho osténi a deformace vyrubu se v porovnani s prvni tune-
lovou troubou podafilo vyrazné omezit. V tla¢ivych z6ndch se deformace vyrubu
pohybovaly kolem 30 cm.

Tloustka definitivniho osténi je v raZenych Castech navrZena 30 cm
a v prevazné vetsiné je provedeno jako nevyztuzené. Dal§i zajimavosti stavby je

Obr. 5 Definitivni osténi a mezistrop druhé tunelové trouby
Fig. 5 Final lining and intermediate deck in the second
tunnel tube

Obr. 4 Stlacené deformacni elementy
Fig. 4 Compressed yielding elements

ziskdvani veskerého kameniva pro stifkany i konstrukéni beton ze sutového kuZe-
le tésné vlevo nad razenym portdlem druhé tunelové trouby.

Pii obdobnych exkurzich je vzdy zajimavé porovnani pouZitjch reseni
a detailu se zvyklostmi v CR. I pii exkurzi na Tauernsky tunel mohli Gastnici
exkurze zjistit fadu odchylek od technického feseni pouzivaného v Ceské republi-
ce. Prvni odchylka se tykd betonu definitivniho osténi, kdy je konstrukce navrho-
vina z betonu C25/30, coZ je v Ceskych podminkdch prakticky nesplnitelné kvuli
pozadavku RSD CR na parametry XF4 a XD3.

Cerstvou novinku i v rakouskych pomérech predstavuje pozadavek investora
ASFINAG na odstranéni jakéhokoli potrubi z prostoru pod vozovkou a predevsim
poklopt ve vozovee. Kromé standardni polohy poZdrniho vodovodu pod chodni-
kem tak z prostoru vozovky zmizela i kanalizace a stfedni tunelovd drendz.
Duvodem je logicky poZadavek na minimalizaci vad cementobetonového krytu
vozovky pii provozovéni tunelu. Kromé vytluki vozovky v oblasti $achet dochd-
zelo i k otevirdni poklopt vlivem sdni za t€7kymi ndkladnimi vozidly, coZ ohro-
Zovalo bezpelnost provozu. Pfi prohlidce v tunelu se skute¢né Zddné poklopy
nepodafilo G¢astnikim exkurze objevit. O odvodnéni konstrukénich a podkladnich
vrstev vozovky se stard bo¢ni tunelovd drendZ umisténd co nejnize u patek osténi.
Na vice neZ 6,5 km dlouhém dseku bo¢nich drendzi o pruméru 200 mm je tak
nutné zajistit jejich bezvadny stav a funkei po celou dobu provozovéni tunelu.

Casto diskutovanym tématem je i zajidténi nezamrznosti pozamiho vodovodu
ulozeného podél kabelovodu pod chodnikem. V piipadé tunelu Tauern nejsou pou-
Zity topné kabely, ale je zvolen druhy z moZnych systému — cirkulace vody
v potrubi. Severni portél tunelu se nachdzi v nadmorské vysce 1244 m n. m, jizni
portdl je ve vySce 1340 m n. m. Tato skuteCnost vSak stejné jako u mnoha dalsich
alpskych tunell nebréni k zajisténi nezdmrznosti potrubi pouZit cirkulace vody. To
ostie kontrastuje s pozadavkem zédstupce autorského dozoru na zajisténi nezdmrz-
nosti potrubi u tunelu v Praze Komoranech pomoci kombinace cirkulace vody
a jejiho ohfevu v bojlerové stanici. Lze predpoklddat, Ze poZarni vodovod u tunelu
polozeného o 1000 m niZe precka s vyraznou rezervou i klimatické zmeny, které by
postavily prazsky tunel na roven vysokohorského alpského tunelu.

K poslednim viditelnym zméndm oproti nasim zvyklostem patii uklddéni kabe-
1t do jednoduchych Zlabu prekrytych prefabrikovangmi chodnikovymi deskami
nebo betondZ monolitickych pridlazbovych obrubnikl pfimo na stavbe.

Betondz definitivniho osténi zhotovitel dokon¢il v poloviné leto$niho roku a nds
pruvodce se nezapomnél pochlubit, Ze z hlediska kvality betont ostén{ patii druhd
tunelovd trouba ke 3piCce nové provddénych rakouskych tuneld (obr. 5).
V tunelovych propojkdch, které jsou vyrazeny do vzddlenosti 10 m od provozo-
vané prvni tunelové trouby, tvoif definitivni osténi stitkany beton.

Obr. 6 Spolecné foto ucastniku exkurze pred severnim portdlem tunelu
Fig. 6 Excursion attendees in front of the northern portal
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Kompletni dokon&eni tunelu se predpoklddd v kvétnu 2010. Po uvedeni druhé
trouby do provozu se uzavie prvni tunelovd trouba a stejné jako v piipadé tunelu
Katschberg projde rozsahlou rekonstrukci. Krome vybourdni vozovky a rozsahlé
rekonstrukce spodni klenby a bankett se provede dokonéent tunelovych propojek
a dal3f rekonstrukce stavebni i technologické ¢ésti tunelu.

Posledni ¢asti odborného programu byla prohlidka muzea tauernské cesty
v obci Eben im Pongau. Expozice zachycuje historii tohoto prechodu Alp od doby,
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kdy v trase staré stezky postavili Rimané silnici Via Julia se stanicemi po 20 km.
Véfime, Ze se zajimavé exkurze Elenim redakéni rady i odbornikum z fad ¢lent
CzTA libila (obr. 6) a ziskané informace budou namétem k premysleni v jejich
dalsim profesnim Zivoté.

ING. MILOSLAV N OVOZNY , ita-aites @metrostav.cz,
ING. LIBOR MARIK, libor.marik@ikpce.com

BRITSKE OCENENI UDELENE DOC. ING. MATOUSOVI HILAROVI, Ph.D.

BRITISH AWARD TO DOC. ING. MATOUS HILAR, Ph.D.

The British Institution of Civil Engineers makes annual awards to civil
engineers for outstanding contributions to Civil Engineering. The Telford
Gold Medal is the highest award for a paper published in British trade papers,
which is awarded to authors of the best paper on civil engineering issues,
regardless of the specialisation. This year, Doc. Ing. Matous Hilar, MSc, PhD.,
CEng., MICE, a Czech professional in the field of underground construction
and member of TUNEL journal Editorial Board, an employee of D2 Consult
Prague s.r.o. and the Faculty of Civil Engineering of the Technical University
of Prague, was awarded a Telford Premium for the paper ,,Evaluation of inno-
vative sprayed-concrete-lined tunnelling”, which was published in issue
2/2008 of Geotechnical Engineering, a journal with impact factor.

Britskd organizace stavebnich inzenyra ICE (Institution of Civil
Engineers) kazdoro¢né ud€luje ocenéni stavebnim inZenyrum za prinos pro
obor. Nejvyssim ocenénim ¢lanku otisténém v britském odborném tisku je
Telford Gold Medal, které je udélovdno autorum nejlepsiho ¢lanku se sta-
varskou tematikou bez ohledu na specializaci. Autofi ¢lankd v uz§im vybé-
ru na nejvyssi ocenéni ziskdvaji Telford Premium Medal, ob¢ ocenéni jsou
udelovana od roku 1835. Letos ziskal ocenéni Telford Premium Medal
Cesky odbornik na podzemni stavby a ¢len redakéni rady casopisu Tunel
doc. Ing. Matou§ Hilar, MSc., Ph.D., CEng., MICE z D2 Consult Prague
s.1.0.a z FSy CVUT za &lanek ,,Evaluation of innovative sprayed-concre-
te-lined tunnelling”, ktery byl oti§tén v impaktovaném Casopise
Geotechnical Engineering 2/2008. Spoluautory ¢lanku byly Britové Benoit

TUNELARSKA ODPOLEDNE 3 A 4/2009
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Zleva Jean Venables, Yu Sheng Hsu, Matous Hilar a Benoit D. Jones pri preddni ceny
Left to right - Jean Venables, Yu Sheng Hsu, Matous$ Hilar and Benoit D. Jones
during the award ceremony

D. Jones MEng., EngD., Alun H. Thomas, BA, Ph.D., CEng., MICE
a Singapurec Yu Sheng Hsu BEng., ACGI, Ph.D., CEng., MICE. Ocenéni
bylo predédno prezidentkou organizace Jean Venables na slavnostnim ban-
ketu v budove ICE v centru Londyna dne 23. 10. 2009. .
DOC. DR. ING. JAN PRUSKA

TUNNELLERS’' AFTERNOON MEETINGS 3/2009 AND 4/2009

The ITA-AITES Czech Tunnelling Association has continued to organi-
se half-day seminars focusing on underground construction.

The topic of the Tunnellers’ Afternoon 3/2009, which was held at the
Masaryk College of the Czech Technical University in Prague on Wednesday
the 23rd September 2009, was Construction of vehicular tunnels in extreme
conditions in Iceland. The construction is being carried out by Metrostav a.s.,
a Czech company. The conditions making this construction unique can be sum-
marised as follows: geotechnical excavation conditions with extremely high
rates of inflows of low-temperature ground water; a large extent of sealing
grouting following from the inflows; climatic conditions and other conditions
associated with the site location; a deep crisis of the Icelandic economy surfa-
cing during the course of the works, which are being carried out abroad.

This year’s last Tunnellers’ Afternoon, 4/2009, was held on Wednesday
the 18th November 2009. The topic was attractive and widely discussed wit-
hin the Czech professional public: Fire Safety in Tunnels. Tunnel equipment
and the equipment testing before opening tunnels to traffic must be viewed
from both the safety and economic aspects. This is why information from
all lectures was very valuable. Papers were presented, among others, by
representatives of the Fire Rescue Service of the Czech Republic and Mr.
Urs J. Weder from Swiss company Dréger. He read a paper on fire service
rescue trains, which is used by Swiss Railways.

Ceska tunelarska asociace ITA-AITES pokraluje v organizovéni pilden-
nich semindit zaméfenych na podzemni stavby.

Tématem Tunelarského odpoledne 3/2009, které se konalo ve stfedu 23.
zari 2009 v Masarykové koleji CVUT Praha, byla stavba automobilovych
tuneld v mimorddnych podminkdch na Islandu. Mimofddnost stavby lze
shrnout v ndsledujicich bodech:

« geotechnické podminky razeb s extrémné vysokymi pritoky podzemni

vody o nizké teplot¢;

* z toho vyplyvajici velky rozsah tésnicich injektaz;

* klimatické a dals$i mistni podminky souvisejici s lokalitou stavby;

e zahrani¢ni dodédvka, v jejimZ prubéhu se projevila hluboka krize island-

ské ekonomiky.

Témto aspektim se vénovali jednotlivi prednasejici:

eIng. Ermin Stehlik (Metrostav a. s., feditel stavby) — ZkuSenosti

z provadeéni raZeb a fizeni stavby

* Ing. Petr Kucera (Minova Bohemia s. 1. 0) — InjektdZe proti pritokam

podzemni vody

¢ Ing. Pavel Gajdos (Arcadis Geotechnika a. s.) — Geotechnické podmin-
Ky pri razbe a jejich mapovani

o Ing. Boris Sebesta, Mgr. David Hruska (Metrostav a. s.) — Smluvné-

pravni aspekty zahrani¢ni zakazky.

Vsechny prednasky mely vybornou troven. Z diskuse vyplynulo prede-
v§im, Ze rizika a smluvni aspekty zakazek obecné a zahrani¢nich zv1ast by
se mély ve vEtsi mife prezentovat i publikovat ¢ldnky s touto tematikou
napt. v Casopise Tunel.

Pripravu odborného programu koordinoval Ing. Ermin Stehlik.

Posledni Tuneldrské odpoledne 4/2009 v roce 2009 se konalo také
v Masarykové koleji v Praze-Dejvicich ve stfedu 18. listopadu 2009.

Jeho téma bylo opét velmi atraktivni a v odborné vefejnosti hodné diskutova-
né — Pozarni bezpeCnost v tunelech. Vybaveni tunelt a jeho zkouSeni pred uve-
denim tunelt do provozu je nutné nahliZet z bezpecnostni i ekonomické strénky.

Byly predneseny ndsledujici prednasky:

» prof. Ing. Pavel Pfibyl, CSc. (Eltodo a. s.) — Pifprava novych pfedpisi

pro vybaveni, zkouseni a provozovdni tunelt v Ceské republice

e plk. Ing. Jifi Pelikan (HZS Jihomoravského kraje) — ZkuSenosti

z likvidace pozdru (Husovicky tunel)

e mjr. Ing. Vojtéch Nezval (HZS Moravskoslezského kraje) — Pfiprava

jednotek PO na zdolavani mimorfddnych udalosti v tunelu Klimkovice
e Ing. Petr Bebcdk, Ph.D. ( K.BK. fire) — Zkouseni pozarniho vétrani
a vybaveni, tunel Panenskd

o Urs J. Weder (firma Driiger, Svycarsko) — Bezpetnostni opatfeni pro
Zelezni¢ni tunely s ohledem na pouziti pozarniho vlaku

« Ing. Libor Marik (IKP Consulting Engineers s. r. 0.), Ing. Petr Bebcdk,
Ph.D. (K.B K. fire) — PoZdrni odolnost betonového osténi tunelu a jeho
zkouseni v CR

Semindf navstivilo pfes 120 dcastniku, ktefi s velkym zdjmem
a pozornosti vyslechli vSechny predndsky a reagovali na né v Zivé diskusi.
Mimorddné ocenéni si zaslouzi hojnd dcast ¢lenu HZS a predev$im pred-
nasky, které jejich zdstupci prednesli.

Pripravu odborného programu koordinoval Ing. Otakar Hasik
(Metroprojekt Praha a. s.) a TO 4/2009 moderoval profesor Pavel Pribyl,
CSc., z Dopravni fakulty CVUT Praha.

Soudé podle ohlasti i po¢tu Gcastniku je moZné konstatovat, Ze viechna
tunelarskd odpoledne konand v roce 2009 byla uspesnd a CzTA bude
v jejich poradani pokracovat i v roce 2010.

ING. MILOSLAV NOVOTNY. , ita-aites @metrostav.cz



