ToufHel :2

CASOPIS CESKEHO TUNELARSKEHO KOMITETU A SLOVENSKE) TUNELARSKEJ ASOCIACIE ITA/AITES
MAGAZINE OF THE CZECH TUNNELLING COMMITTEE AND SLOVAK TUNNELLING ASSOCIATION ITA/AITES




17. rocnik - €. 2/2008 Tufel

EDITORIAL EDITORIAL

Je nepochybnym faktom, Ze uplynuld dekdda priniesla It is an indubitable fact that the previous decade brought around the
v Cechich i na Slovensku vystavbu dopravnych tunelov prevy§u-  development of transport-related tunnel construction in the Czech
jucu svojim rozsahom predoslé desatroCia. Ukonéené cestné, dia-  Republic and Slovak Republic which exceeded, in terms of its extent, the
Ini¢né a Zelezni¢né tunely, ako aj tunely metra (na Slovensku zati-  previous decades. The tunnels which were completed on roads, motor-

al len dialni¢né), si vysledkom prace domdcich investorskych,  ways and railways, as well as metro tunnels (only motorway tunnels yet
projek&nych i doddvatelskych organizdcii, pri¢om ich technickd  in Slovakia) are the results of the work jointly performed by domestic
tirovefi je prinajmenSom porovnatelnd s tuneldrsky vyspelym  companies, i.e. owners, designers and contractors, and the engineering

zahrani¢im. Pri vystavbe tunelov boli v celom rozsahu aplikova-  level of the projects is, to say the least, comparable with that achieved in
né konvenéné metédy razenia, reprezentované najmid Novou the foreign countries priding themselves on highly developed tunnel con-
rakidskou tunelovacou metédou. Dizka tunelov a horninové pro-  struction. The tunnels were built using the whole range of traditional tun-
stredie si doposial' nevyZiadali nasadenie plnoprofilovych razia- nelling techniques, first of all the New Austrian Tunnelling Method. The

cich strojov, okrem prieskumnych $tdIni malého prierezu. Viaceré  lengths of the tunnels and the rock environment they were constructed in
pripravované projekty dlhych Zelezni¢nych a dialni¢nych tuneloy, ~ have not required the application of full-face excavation by TBMs, with

ktorych priprava v sicasnosti prebicha, sa uZ tejto metéde vystav- the exception of small-diameter exploration galleries. There are several
by urite nevyhnd. tunnelling projects currently under preparation, both road and railway

ones, where this technique will certainly be impossible to avoid.

If we ask the question, what else was typical for the previous decade,
not only within the domestic subsurface engineering, the answer will be
that it was the putting of significantly increased stress on operation safe-
ty. In response to the events which took place about nine years ago,
European and, subsequently, even national directives were issued which
applied to the designing of new tunnel structures as well as the examina-
tion of the level of safety in existing tunnels. In this process, the countri-
es which have many tunnels in operation have the advantage of being
able to gather and assess data on accidents and extraordinary events.
Then it is possible, on the basis of relevant data, to apply exact methods
to the examination of the effectiveness of particular safety measures and
to design safety concepts for the works where the means are used in the
most effective way. Although, the reality we have encountered in
Czechia and Slovakia is that the authorities dealing with fire protection
only impose maximised requirements, often exceeding the scope of not
only European but even national directives, which are even more deman-
ding, without any effort to analyse their effectiveness. What is missing is
their willingness and ability to accept foreign experience and approaches
to the safety.

The two designing firms to which this issue of the magazine is dedi-
cated are relatively young subjects in the Czech and Slovak markets.
Both Amberg Engineering Slovakia and D2 Consult Prague represent
foreign engineering-consultancy firms with long history and high pro-
fessional prestige; it is also for this reason that they are in the frame to
contribute to the process of responding to the above-mentioned challen-

- . : ges. The two exceptionally important projects which are presented in the
riadneho vyznamu, tunel na Zelezni¢nom spojeni Praha-Beroun .047ine ie. the nearly 25km long tunnel on the rail line between

s dIzkou takmer 25 km a tunel Karpaty s diZkou viac ako 8 kmna  pyaoye and Beroun and the over 8km long Karpaty tunnel on the motor-
dialnicnom obchvate Bratislavy, si vynimo¢nymi v Obo‘fh Vvy$8ie  way bypass around the city of Bratislava, are exceptional in both above-
spomenutych aspektoch. Prvym je metéda vystavby, kedZe sa pri mentioned aspects. The first one is the construction method anticipated
oboch predpokladd pouZitie plnoprofilovych raziacich strojov  for hoth tunnels, i.e. using hard rock TBMs; the other one is the fact that

Ak si polozime otdzku, ¢im eSte bola charakteristickd posledna
dekdda nielen v domdcom podzemnom stavitelstve, odpovedou
bude vyrazne zvySeny doéraz na prevadzkovid bezpecnost.
V reakcii na udalosti spred priblizne deviatich rokov boli pripra-
vené eurdpske a ndsledne i ndrodné predpisy, sliZiace jednak
navrhovaniu novych tunelovych stavieb, jednak preverovaniu
urovne bezpecnosti existujucich tunelov. Vyhodou krajin
s velkym poctom prevadzkovanych tunelov je v tomto procese
moznost’ ziskavat’a vyhodnocovat' tidaje z nehod a mimoriadnych
udalosti. Na zdklade relevantnych udajov je potom moZné exakt-
nymi metédami skdmat’ déinnost’ jednotlivych bezpecnostnych
opatreni a navrhnit bezpe¢nostni koncepciu diela pri ¢o najefek-
tivnejSom vynaloZeni prostriedkov. Realita, s ktorou sa stretdva-
me v Cechdch a na Slovensku, je vsak takd, Ze inStiticie poziar-
nej ochrany len maximalisticky pozaduji opatrenia, ¢asto nad
ramec nielen eurdpskych, ale aj prisnejSich narodnych predpisov,
bez snahy analyzovat' ich efektivnost. Co chyba, je aj ochota
a schopnost’ akceptovat’ zahrani¢né skidsenosti a pristupy
k bezpecnosti.

Obe projekéné firmy, ktorym je venované aktudlne Cislo caso-
pisu, sd na ¢eskom a slovenskom trhu pomerne mladymi subjekt-
mi. Tak Amberg Engineering Slovakia, ako aj D2 Consult Prague
reprezentuju zahrani¢né inZiniersko-konzultacné firmy s dlhou
histériou a vysokym profesiondlnym renomé a aj z tohto hladiska
maji predpoklady na to, aby prispeli k rieSeniu spomenutych
technickych vyziev. Dva v Casopise prezentované projekty mimo-

v prostredi skalnych hornin. Druhym je otdzka vypracovania kon- safety concepts will be developed for the tunnels, which may, in the cases
cepcie bezpecnosti, ktord u tak rozsiahlych projektov moZze mat’  of o large projects, significantly affect the economy not only of the con-
zdsadny vplyv na ekonomiku nielen vystavby, ale aj prevadzky. struction but also of the tunnel operation.

Na zdver by som chcel v mene redakcie Citatefov upozornit na To conclude, I would like, on behalf of the editors, to draw the readers’
zmenu tykajicu sa profesiondlnej ndplne Casopisu. Polinajic  attention to a change in the professional content of the magazine. Starting
aktudlnym cislom vSetky publikované odborné ¢lanky su recenzo-  from the current issue, all technical papers will be reviewed even by

vané odbornikmi nielen z okruhu redak¢nej rady. Verime, Ze tdito  other experts than those working in the editorial board before the publis-
zmena mé potencidl prispiet k dalSiemu zvySovaniu drovne nasho  hing in the magazine. We believe that this change has the potential to
casopisu. contribute to further increasing the level of our magazine.

ING. MILOSLAV FRANKOVSKY ING. MILOSLAV FRANKOVSKY
¢len redakcni rady casopisu Tunel Member of the Tunel Editorial Board
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VAZENI CTENARI,

pred 10 lety byla zaloZena firma D2 Consult Prague, s. r. 0., jako Ceskd
pobocka rakouské konzultacni a inZenyrské firmy. Dnes je samostatnou
a nezdvislou konzultaéni firmou plsobici na eském i mezindrodnim trhu.
Clanky v tomto vydani ¢asopisu TUNEL vam umozni nahlédnout do néko-
lika projektu, na kterych se firma podili v éeslgé republice i ve svété. Kromé
téchto projektu se firma a jeji zaméstnanci v CR podileli a podileji napf. na
vSech tunelovych ¢dstech silni¢ntho okruhu kolem Prahy (SOKP), na tune-
lech Klimkovice, Bfezno, Dobrovského a na pripravé Zelezni¢nich tunelt
Praha—Beroun a Ejpovice. V zahrani¢{ to jsou napf. konvencné razené vyso-
korychlostni tunely v Némecku a Rakousku, letistni tunely v USA a Velké
Briténii, silni¢n{ tunely v Indii, Ciné a v Kolumbii. V oblasti mechanizova-
nych razeb (TBM) jsme pracovali na projektech v USA, Ciné, Rakousku,
Némecku, Itdlii a v Recku.

D2 Consult Prague poskytuje svym klientim odborné sluzby v Sirokém
zdbéru inZenyrskych ¢innosti od projektovani ve vech fazich, kontrolu pro-
jektt, ndvrhy technickych feSeni a jejich optimalizaci pres konzulta¢n{
a expertni ¢innosti aZ po asistenci a supervizi pri provadéni staveb. NaSe
zkuSenosti z prestiznich svétovych projekti jsou zdrukou navrhovéni
a prosazovéani modernich a efektivnich technickych feSeni pro obé zdkladni
metody vystavby tuneld, tj. pro konvenéni (NRTM) i pro mechanizované
(TBM) technologie.

Poslednich 10 let je zdroven obdobim, ve kterém proslo Ceské tunelarstvi
rychlym vyvojem a dosdhlo v nékterych oblastech technické tGrovné srov-
natelné s vyspélymi tuneldfskymi zemémi. Kromé toho se podafilo pre-
svedcit investory, politiky a ve stdle vetSi mife i verejnost o uZiteCnosti
a Casto i nezastupitelnosti podzemnich staveb pfi budovani infrastruktury
potfebné k dosazeni drovné puvodnich ¢leni Evropské unie. Spolu
s predpoklddanym spolufinancovdnim mnoha vyznamnych projektu ze
zdroju EU jsou tedy vytvoreny dobré predpoklady pro rozvoj oboru i v dal§f
dekdde.

Predpokladem tspésné realizace a nasledné funkce tunelovych staveb
jsou spravnd koncep&ni rozhodnuti ve stadiu pripravy. Technicky kompe-
tentné vybrané varianty maji vét$i pravdépodobnost piedvidatelného pru-
béhu piipravy, projedndvani i ndsledné realizace. Tato predvidatelnost je
dulezitd i pro efektivitu vlastniho provddéni. Optimdlni a predvidatelné
vyuziti kapacit (napiiklad zhotovitelskych organizaci) je duleZitym fakto-
rem ndkladovych kalkulaci a tim i vysledné ceny dila a jeho ndkladu
a prinosu pro spolecnost.

V celém procesu piipravy a na vSech drovnich rozhodovani jsou dileZi-
té odborné kompetence. Nezdvislé stfedni a malé konzultaéni organizace,
stejné jako samostatné pracujici experti ve vysoce specializovanych obo-
rech, maji v procesu pripravy a realizace svou nezastupitelnou tlohu. Jejich
¢innost expertni, poradenska a kontroln{ je pfi spravné organizaci piipravy
a provadéni predpokladem technicky kvalitniho a ekonomicky efektivniho
provedenf dila.

Firma D2 Consult Prague se na téchto &innostech podili v Ceské repub-
lice od roku 1998 jak pro stitni investorské organizace, tak pro vyznamné
zhotovitelské a projekéni firmy. Jako Elenskd organizace CTuK ITA-AITES
jsme intenzivné zapojeni do jeho Cinnosti. Pordddnim odbornych seminatt
s UCasti prednich zahrani¢nich experti umoZziiujeme zvySovéni informova-
nosti a drovné Ceskych tuneldrskych odborniki a navazovéni mezindrod-
nich kontakti. Spolupraci na vyzkumnych projektech prispivame
k vytvéreni zdkladny pro dalsi technicky pokrok a pedagogickou ¢innosti
pripravujeme nase budouci kolegy ke kvalifikované préci v oboru.

Jsme rédi, Ze Vis, kolegy a Ctendfe Casopisu Tunel, miZeme pozvat na
dalsi semindf na velmi aktudlni téma Mechanizované razby dlouhych
dopravnich tuneli pomoci TBM, ktery se kond dne 16. 6.
2008 v budové Magistratu hlavniho mésta Prahy.

TéSime se na dalsi setkdvani pri pripravé a realizaci
mnoha zajimavych tuneldiskych projekti, které nds v Ceské
republice v budoucnosti cekaji.

/\.QJLU

ING. MARTIN SRB
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DEAR READERS,

Our company, D2 Consult Prague, s. . 0. was founded 10 years ago, as a Czech
branch of an Austrian consultancy and engineering firm. Today, it is an autonomous and
independent consultancy firm, doing its business on the Czech as well as international
market. The papers which are published in this issue of TUNEL magazine will allow
you to take a look inside several projects of those in which our company participates in
the Czech Republic or in the world. Apart from those projects, the firm and its emplo-
yees participated or are participating, in the Czech Republic, for example, in all tunnel
structures on the Prague City Ring Road (the outer ring), the Klimkovice, Bfezno and
Dobrovského tunnels and in the preparation of the Prague-Beroun and Ejpovice rail tun-
nels. Our participation abroad comprises, for example, high-speed railway tunnels in
Germany and Austria, airport tunnels in the USA and United Kingdom, road tunnels in
India, China and Colombia, all of them driven by conventional methods. Regarding
mechanised excavation (TBMs), we worked on projects in the USA, China, Austria,
Germany, Italy and Greece.

D2 Consult Prague provides its clients with professional services covering a wide scope
of engineering activities, starting from all phases of designing, through design reviews,
designs of means and methods and optimisation of such designs, consultancy and expert
services, up to assistance and supervision during the implementation of projects. Our
experience on world’s prestigious projects is the guarantee that we design and implement
state-of-the-art and effective engineering solutions for both basic tunnelling approaches,
i.e. conventional techniques (the NATM) and mechanised techniques (TBMs).

The recent decade was a period of time during which the Czech tunnelling industry
underwent rapid development and reached, in some areas, levels which are comparab-
le with those existing in countries boasting about highly developed tunnel construction.
In addition, we managed to persuade investors, politicians and, to an ever-increasing
degree, even the general public, of the utility and often an irreplaceable role of underg-
round structures in the process of developing the infrastructure which we need to be
able to reach the level of the original members of the European Union. We can say that,
considering the assumed co-funding of many significant projects from the EU sources,
the conditions which have been created for the development of the tunnelling industry
during the next decade are good.

A proper conceptual decision during the planning stage of a tunnel construction is
a condition for the successful implementation and subsequent functioning of the con-
struction. The probability that the course of the preparation, negotiation and realisation
of a construction will be easier to predict is higher for the variants which are selected
properly, considering the engineering competitiveness. The predictability is important
even regarding the effectiveness of the execution of the works. The optimum and pre-
dictable use of sources (e.g. of building contractors) is a significant factor in cost cal-
culations, thus it is important in terms of the final price of the works and the cots and
benefits for the society.

Professional competence is important in the planning process and at all decision-
making levels. Independent medium-size and small consultancy organisations, as well
as experts independently operating in highly specialised branches of science, have
indispensable roles in the planning and implementation processes. Their expert, advi-
sory and checking activities are, unless the planning and execution of the works are
organised improperly, a condition for high technical quality and economic effectiveness
of the works.

D2 Consult Prague s.r.o has participated in the above activities in the Czech Republic
since 1998, working for both governmental development organisations and significant
contractors and designing offices. As a member organisation of the ITA-AITES CTuC,
we are intensely involved in the activities of the committee. By organising technical
seminars with prominent foreign experts participating, we allow Czech tunnelling pro-
fessionals to increase the informedness and the level of their knowledge and establish
international contacts. Through our collaboration on research projects, we contribute to
the development of a basis for further technical progress and, through our teaching acti-
vities, we prepare our future colleagues for qualified work within the industry.

We are really glad that we have the opportunity to invite you, readers of Tunel maga-
zine, to the next seminar on a very current topic of “Mechanised dri-
ving of long transport-related tunnels by means of TBMs”, which will
be held in the Prague Municipal Council building on 16th June 2008.

We are looking forward to other meetings on planning and imple-
mentation of many interesting tunnelling projects, which are awai-
ting us in the Czech Republic in the future.

jednatel spole¢nosti D2 Consult Prague s. r. o.
Acting Secretary of D2 Consult Prague s. r. o.
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VAZENI CITATELIA CASOPISU TUNEL, MILI KOLEGOVIA,

je mi poteSenim a zdroven ctou, Ze mdZem prave vam pri prileZitosti piateho vyrodia zalo-
Zenia spolocnosti Amberg Engineering Slovakia, s. r. 0., predstavit'tito sice vekom mladd, ale
dynamicky sa rozvijajicu spolo¢nost.

V roku 2003 pdn Felix Amberg, vidiac potencidl slovenského trhu, rozsiril svoju skupinu fi-
riem o daliiu spolocnost. Amberg Engineering Slovakia, s. r. 0., pdsobi na slovenskom trhu od
19. 6. 2003, kedy sa zacala pisat’ jej histdria. Napriek oslave Srocného jubilea este stdle patri
medzi najmladsich Clenov skupiny Amberg, ktord sa poctom zamestnancov radi
z celosvetového hliadiska skor medzi skupiny mensie, ale svojou vysokou odbornostou, znalos-
tami a skdsenostami, viac ako 40ro¢nou tradiciou, patri v odbornom svete medzi popredné
a uzndvané eurdpske skupiny firiem zdruzujiice inziniersko-projektové a konzultacné spoloc-
nosti z odboru podzemnych stavieb.

Firma Amberg Engineering Slovakia, . r. 0., zafnala v obdobf, kedy bolo potrebné napravat
pokazené meno tuneldrov, v obdobi, kedy slovo tuneldr nebolo hrdym oznacenfm profesie, ale
skor naddvkou. Aj vdaka stdle rasticemu dopytu v stavebnictve po odbornikoch z oblasti pod-
zemného stavitelstva sa firma rozrdstla a dnes v nej pracuje 25 zamestnancov. Napriek tomu, Ze
spolocnost je stéle iba v predskolskom veku, tvoria ju skiiseni a odborne vzdelani pracovnici, ktorf
dokazu uspokojit’ aj ndrocného zdkaznika a vyriesit' mnohé problémy spojené s projektovanim
a dozorovanim jednotlivych druhov stavieb, vritane ich technologického vybavenia.

Spolo¢nost’ Amberg Engineering Slovakia, s. r. 0., si uzZ napriek svojmu mladému veku zis-
kala postavenie na slovenskom trhu, Coho dokazom s projekty, na ktorych sa spolocnost podi-
elala a podiela. Napriek tomu, Ze naSa materskd firma sa Specializuje takmer vylucne na pro-
jektovanie a dozorovanie podzemnych stavieb, nase zameranie na Slovensku je podstatne Sir-
Sie. V roku 2004 sme zacali tspesne pisat'nasu histdriu v oblasti geotechnického a stavebného
dozoru. Bolo to na stavbe tunela Sitina, na dialhicnom tseku D2 Lamacské cesta—Staré Grunty.
Tento prvy dvojrirovy dialhi¢ny tunel na Slovensku bol tspesne odovzdany do uzivania v roku
2007. V sticasnosti sme v oblasti dozorovania dopravnych a vodohospodérskych stavieb lidrom
na slovenskom trhu. V zdruZeni s dal§fmi firmami s podobnym zameranfm dozorujeme stavby
v hodnote viac ako 25 milidrd slovenskych kortn. Medzi najzndmesie stavby z oblasti doprav-
nej infratruktiry patrf dialnica D1 Mengusovce—Janovee s tunelom Borik, resp. dialica D3
Hri¢ovské PodhradieZilina (Strdzov). Uvediem aj dva priklady z oblasti vodohospodérskych
stavieb: Cistiarefi odpadovych vod a odkanalizovanie Trmavského regiénu, resp. Doddvka pit-
nej vody a odkanalizovanie Hornych Kystc.

Hned po zalozeni spoloénosti sme na zéklade skisenostf firmy Amberg Engineering AG
s razenim tunelov pomocou TBM spracovali podklady potrebné pre ocenenie prac spojenych
s razenim tunela Visnové pomocou TBM. Z projektov, ktoré sa momentalne nachddzaji na sto-
loch nasich projektantov, by som rad spomenul napriklad tunel Sibenik na dialni¢nom tseku D1
Janovce-Jablonov. Dalej by som spomenul Bujanovsky Zelezni¢ny tunel, ktorého projekt sand-
cie vypracovavame spolu s Amberg Engineering Brno, a.s. na zdklade vysledkov nami realizo-
vaného diagnostického prieskumu pomocou skenovacieho pristroja GRP 5000. Na rovnakom
tiseku Zeleznicnej trate spolu projektujeme aj dva nové tunely Kysacky a Holica. V roku 2007
sme odovzdali technickd $tidiu najdlhsieho slovenského dialhi¢ného tunela Karpaty, pri ktorom
v podzemnom stavitelstve, sved&f aj té skutocnost, 7e sme s dalsfmi firmami zo skupiny Amberg
vypracovali bezpecnostni a rizikovi analyzu tunela Branisko. Zdsluznd a priekopnicku tdlohu
sme na seba prevzali tym, Ze sme sa rozhodli vypracovat'chybajtice technické predpisy potreb-
né na bezproblémové projektovanie, vystavbu a prevadzku tunelov na Slovensku: technické
podmienky Podzemné stavby, Cast'2: Kontinudlne razenie, Katalog pordch tunelov na pozem-
nych komunikdcidch, Poziarna bezpecnost cestnych tunelov, Tunelové ndzvoslovie a v roku
2007 sme odovzdali reviziu STN 73 7507 Projektovanie cestnych tunelov. V minulom roku sme
zabezpeCili tréning vybranych slovenskych hasicov, ktorf by mohli byt potencidlne nasadeni na
zdsah v tuneli. CviCenie, ktoré pre slovenskych hasicov bolo prvé svojho druhu, sa uskutocnilo
v podzemnych priestoroch nasej sesterskej spolocnosti VSH Hagerbach.

Co dodat' na zdver? Ako kazdd spolocnost aj my pocititjieme nedostatok kvalifikovanych
a pre tunely, ale nielen pre ne, zapdlenych fudi. Mozno je to dané tym, Ze praca v projekcii alebo
priamo na stavbe v pozicii dozora nie je jednoduchd. Naopak, je velmi zodpovednd a vyZaduje
si celého cloveka. Som rad, Ze spolocnost Amberg Engineering Slovakia, s. 1. 0., v sticasnosti
zamestndva takychto fudi. Za vSetko, ¢o sme spolocne za predchddzajicich 5 rokov dokdzali,
by som rdd podakoval vietkym nasim zamestnancom. Vdaka patri aj investorom
a zhotovitelskym firmdm, a to jednak za dobri spoluprdcu, odbornti pomoc, ako aj za prejav ich
dovery. Verfm tomu, Ze blizka budticnost spojend najmé s dobudovanim dialnic
arychlostnych ciest, s modernizdciou Zelezni¢nych trati, ale aj s odkanalizovanim
adodavkou pitnej vody pre dalsie regiény Slovenska prinesie pre nasu spolocnost’
dalsie zaujimavé projekty. Nech ndm pri ich rieSenf tak ako v prvych 5 rokoch
nasej existencie pomaha sv. Barbora. Zdar Boh!

ING. MA
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DEAR READERS OF THE TUNEL MAGAZINE, DEAR COLLEAGUES,

It is a pleasure and great honour for me, on the occasion of the fifth anniversary of the foundation of
the Amberg Engineering Slovakia, s.r.0. company, to be given the opportunity to introduce this, even
though still very young, but dynamically developing company.

In 2003, Mr. Felix Amberg, perceiving the potential of the Slovak market, expanded the group of his
companies by another company. Amberg Engineering Slovakia, s.r.0. has been on the Slovak market
since 19th June 2003, when its history started. Despite the fifth anniversary, it still belongs to the youn-
gest members of the Amberg Group, which ranks, on the international scale, among relatively small com-
panies in terms of the number of employees but, owing to the high technical skills, know-how and expe-
rience as well as the over 40-year tradition, belongs in the technical world among foremost and renow-
ned European groups of companies joining engineering design and consultancy companies active in the
field of underground construction.

Amberg Engineering Slovakia, s.r.0. was established in times when the spoiled reputation of tunnelling
people needed mending, when the word ‘tunnelling person” did not stand for a proud profession but rather
meant an invective. Even owing to the growing demand for underground engineering professionals on the
construction market, the company has expanded, reaching a workforce of 25 employees today. Despite the
fact that the company is still at a pre-school age, its employees are experienced and technically educated;
they are able to satisfy even very demanding customers and deal with many problems associated with the
designing and supervision of individual construction types, including equipment.

Despite its young age, Amberg Engineering Slovakia, s.r.0. has already won a strong position on the
Slovak market. The projects in which the company has participated are a proof of this statement. Even
though our mother company is specialised nearly exclusively in the designing and supervision of underg-
round construction projects, the scope of our business in Slovakia is much wider. Our activities in the
field of geotechnical and construction supervision started successfully in 2004 with the Sitina tunnel con-
struction, within the Lamacskd Cesta — Staré Grunty section of the D2 motorway. This first twin-tube
motorway tunnel in Slovakia was successfully put into operation in 2007. Today, we are the leader in the
field of the supervision of transport-related and water management projects on the Slovak market.
Together with other, similarly oriented companies, we are supervising projects in the value exceeding 25
billion Slovak crowns. The D1 motorway section Mengusovce — Janovee with the Borik tunnel or the
D3 motorway section Hicovské Podhradie - Zilina (StréZov) belongs among the best known road infrast-
ructure projects. Let me quote two examples of water management projects, i.¢. the Sewage treatment
plant and sewerage system in the Trnava region or the Drinking water supply and sewerage system in
Horné Kystice.

Shortly after the foundation of the company, we used the Amberg Engineering AG’s experience in
the TBM tunnelling and prepared source documents necessary for the estimation of the works necessa-
ty for the construction of the Visiové tunnel by means of a TBM. Regarding the projects which are cur-
rently being dealt with by our designers, I would like to mention, for example, the Sibenik tunnel on the
D1 motorway section Janovce — Jablonov. Further, I should not forget the Bujanov railway tunnel reno-
vation project, where the results of a diagnostic survey by a GRP 5000 scanner are used, which was car-
ried out by our company, as a basis for the design. We are also preparing the design for two new tunne-
Is, the Kysacky and Holica tunnel, on the same rail line. In 2007, we prepared an engineering study on
the Karpaty tunnel, which will be the longest motorway tunnel in Slovakia, where a TBM use is under
consideration. The proof of the fact that we are capable of solving the majority of problems existing in
the underground construction is our work on the risk analysis for the Branisko tunnel, which we carried
out jointly with other firms of the Amberg Group. We assumed a meritorious and pioneering role by deci-
ding that we would develop the missing technical regulations which were required for trouble-free desig-
ning, construction and operation of tunnels in Slovakia: Technical Specifications for Underground
Construction, Part 2: Continual Excavation, Catalogue of Road Tunnel Defects, Fire safety in Road
Tunnels and Tunnel Engineering Terminology; in 2007, we submitted a revision of the STN 73 7507
Design of Road Tunnels. Last year, we provided a training for selected Slovak fire fighters who could be
potentially engaged in a rescue operation in a tunnel. A training, which was the first of its kind for Slovak
fire fighters, took place in underground spaces provided by our sister company, VSH Hagerbach.

To conclude, the same as all the other companies, we also experience a lack of personnel who are
both skilled and enthusiastic about tunnels, but not only about them. The reason may be that neither the
designing work nor the work directly on site in the position of an inspector is simple. On the contrary, it
is highly responsible and requires the whole person. I am happy that the Amberg Engineering Slovakia,
s.r.0. company is currently employing such people. I wish to express my gratitude to all our employees
for everything we have achieved during the previous 5 years. I would also like to thank our clients and
construction contractors, not only for good cooperation and technical aid, but also for the expression of
their trust. I believe that near future, which is mainly associated with the completion of the development

of motorways and expressways, modernisation of railways, but also with the develop-
ment of sewerage systems and supply of potable water for other regions in Slovakia,
will bring new interesting projects for our company. May St. Barbara help us to deal
with them so successfully as we did during the initial 5 years. May God speed you!

IN BAKOS, Ph.D.,

konatel spolocnosti Amberg Engineering Slovakia, s. r. 0.
Acting Secretary of Amberg Engineering Slovakia, s. r. o.
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TUNEL PRAHA - BEROUN A ZAKLADNI PARAMETRY
OBDOBNYCH TUNELU

THE PRAGUE - BEROUN TUNNEL AND BASIC PARAMETERS
OF SIMILAR TUNNELS

MATOUS HILAR, MARTIN SRB

1. OvOD

V soucasné dobé probihd priprava vystavby vysokorychlostniho
Zelezni¢niho tunelu Praha — Beroun, ktery bude mit délku 24,7 km.
Tento tunelovy projekt nema v Ceské republice obdoby. V rimci
dopravnich tunelt v Ceské republice se jedné o nejdel3i a nejnakladngjii
tunel, s nejvys$$im nadlozim a s nejvyssi ndvrhovou rychlosti. Na vétsi-
né tunelu je predpokldddna u nds dosud nepouZitd razba modernimi
plnoprofilovymi tunelovacimi stroji (TBM). Objem vytéZené rubaniny
bude piiblizné 6,5 mil. m?, zpisob nakldddni s rubaninou bude nutné
vhodné vyresit predevsim z logistického a ekologického hlediska. Déle
je ofekdvand moZnost vyskytu krasovych jeva na &ésti trasy raZené kon-
venénim zptisobem (NRTM). Jedine&nost projektu v rdmci CR je diivo-
dem pro zohlednéni a vyuziti zahrani¢nich zkuSenosti pfi piipravé této
stavby. Zakladn{ informace o pfipravovaném projektu a o obdobnych
stavbdch v zahrani¢i prindsi ndsledujici ¢lanek.

Investorem a zadavatelem projektu je SZDC s. o. (Stavebni spriva
Plzen), hlavnim projektantem stavby je SUDOP Praha a. s., projektantem
tunelt raZenych pomoci TBM je Metroprojekt Praha a. s. Technickym
poradcem investora pro podzemni stavby je D2 Consult Prague s. r. o.,
geotechnickym konzultantem investora je SG-Geotechnika a. s.

2. VYVOJ PRIPRAVY TUNELU PRAHA - BEROUN

V rdmci pfipravy optimalizace trati 3. tranzitniho Zelezni¢niho kori-
doru byla v roce 2002 zpracovéna tizemné technickd studie pro dsek

Varianta 2
Variant 2

L X

1. INTRODUCTION

The construction of the 24.7km long Prague — Beroun high-speed
railway tunnel is currently in the planning stage. This tunnelling project
has no equivalent in the Czech Republic. Within the framework of tran-
sit tunnels in the Czech Republic, this is the longest and the most expen-
sive tunnel, with the highest overburden and the highest design speed.
The excavation method using modern tunnel boring machines, which
has never been used in the Czech Republic, is expected to be applied to
the major portion of the excavation. The volume of muck will reach
approximately 6.5 million m?; the problem of muck handling will have
to be appropriately dealt with, above all from the logistic and environ-
mental points of view. In addition, the possibility of the occurrence of
karst phenomena is expected within the section of the route which is to
be driven traditionally, by the NATM. The uniqueness of this project
within the framework of the Czech Republic is the reason why foreign
experience should be taken into account and used in the project planning
stage. This paper provides basic information about the project prepara-
tion and about similar projects existing abroad.

The project owner and client for the designer is Railway Infrastructure
Administration, state organisation (Civil Engineering Administration
Plzen), the principal designer of the project is SUDOP Praha a.s., the
designer for the TBM driven tunnels is Metroprojekt Praha a.s.; D2
Consult Prague s.r.0. is client’s engineering consultant for underground
structures; client’s geotechnical consultant is SG Geotechnika a.s.

Varianta 3
Variant 3

\f Varianta 4
e Variant 4

Stavajici trat’
Existing track route

Obr. 1 ZvaZované varianty trasy, zvolena byla Varianta 1 (Krdsa a spol. 2007)
Fig. 1 Route variants under consideration; winning Variant 1 (Krdsa et al. 2007)
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Sachta Sedrun
Sedrun shaft

Shaftl

Multifunkéni stanice Sedrun
Sedrun multifunction station

Portal Erstfeld

Erstfeld portal Pristupovy tunel

Amsteg
Amsteg access
tunnel

Multifunkéni stanice Faido
Faido multifunction station

Portal Bodio
Bodio portal

Nouzova stanice
Emergency stop station

Pristupovy tunel Faido
Faido access tunnel

station

DETAIL NOUZOVE STANICE
EMERGENCY STOP STATION
DETAIL

Obr. 2 Gottharsky bdzovy tunel — uspordddani (www.alptransit.ch)
Fig. 2 The Gotthard base tunnel configuration (www.alptransit.ch)

Praha Smichov — Plzen hl. n. V této dokumentaci byla navrZena podle
zaddn{ optimalizace trati ve stavajici stop¢ s mistnim zlepSenim sméro-
vych poméru. Nésledné bylo zahdjeno zpracovani dokumentaci pro
tizemni fizeni. Béhem zpracovani se potvrdilo, Ze provozovand Zelez-
ni¢ni trat' mezi Prahou a Berounem sledujici tok Berounky neumoZnuje
zdsadni zvySeni rychlosti dopravy, nebot’ se bezprostiedné dotykd
tizemi CHKO Cesky kras, coZ nedovoluje realizovat vyznamnéjii
zmény smérového vedeni. Proto bylo rozhodnuto o provéfeni nového
vysokorychlostniho Zelezni¢niho spojeni Praha — Beroun pomoci dlou-
hych tuneld.

Bylo zpracovano nékolik variant nového spojeni vedenych z&dsti
tunely a z&asti po povrchu. Provéfeni téchto variant dospélo k zdveru
0 jejich neredlnosti vzhledem k zastavénosti tizem{ zdpadné od Prahy.
Proto byla hleddna dal3i feSen{ s vyuZitim velmi dlouhych tuneli pro
vetSinu trasy. V roce 2005 byla zpracovéna tzemné technickd studie,
kterd predpoklddala vedeni nové Zelezni¢ni trati z Hluboep v Praze
tunelem Barrandov délky 19 km do tddolf fi¢ky Lodénice u obce Svaty
Jan pod Skalou. Udoli méla nové trasa prejit 700 m dlouhou mostn{
estakddou, za niZ by ndsledoval tunel Svaty Jan o délce 4 km
s vydsténim v ddoli Berounky. Na jare roku 2006 byla zpracovéna
doprovodna studie, kterd tizemné technickou studii rozpracovala a ddle
feSila varianty vyudsténi tunelu v Praze (HluboCepy a Mald Chuchle)
a zpusob prekondni ficky Lodénice ve Svatém Janu pod Skalou (pre-
mosténi ¢i podchod). Na jate roku 2006 byla rovnéZ zpracovdna rozsi-
fend geologickad reSerSe, kterd shrnovala veskeré poznatky o geologické
stavbé zajmového tzemi. Na reSer$i navazala dvodni rizikovd analyza,
ve které byla vyhodnocena rizika vystavby a provozu.

Z moznych variant trasy byla vybrana jako vysledna varianta 24,7 km
dlouhého tunelu, ktery se severnim obloukem ¢dste¢né vyhyba krasové
oblasti mezi Prahou a Berounem (obr. 1). Vyslednd trat' od Zelezni¢n{
stanice (ZST) Praha-Smichov vchazi do tunelu v km 3,00 (portil
HluboCepy) a vychdzi v km 27,76 (portdl Beroun), nisledné novym
mostem prekraduje feku Berounku a pokraduje do ZST Beroun v km
28,50. Nova trat’ zahrnuje i odbocku ze sméru Praha-VrSovice, kterd
zalind na ZST Praha-Kr¢, vyuZiva &ast stavajici traté Praha-Vidovice —
Praha-Radotin a za Branickym mostem se tunelem napojuje se na hlavn{

2. THE PRAGUE - BEROUN TUNNEL PLANNING PROCESS

The planning study for the Prague Smichov — Plzen Main Station secti-
on was carried out in 2002, within the framework of the planning for the
optimisation of the lines of the 3rd rail transit corridor. This document pro-
posed, in compliance with the specification, that the optimised line follow
the existing route, with local improvements to the parameters of the hori-
zontal alignment. The work on the design for the land allocation process
started subsequently. It was confirmed during the work that the operating
rail line between Prague and Beroun, which follows the course of the
Berounka River, did not allow any principal increase in the traffic speed
because the existing line is in direct contact with the nature reserve of
Bohemian Karst, which meant that no substantial modifications of the
horizontal alignment were possible. This is why the decision was made that
a new system of the high-speed railway connection between Prague and
Plzen running through long tunnels had to be examined.

Several variants of the new connection line, which comprised both
underground and surface sections, were submitted. The assessment of the
variants resulted in a conclusion that they were unrealistic, with respect to
the fact that the area south of Prague is built up. For that reason, other solu-
tions were sought, with exceptionally long tunnels covering the major part
of the route. The planning study which was carried out in 2005 assumed
that the new rail line would lead through the 19km long Barrandov tunnel,
beginning at HluboCepy in Prague and ending in the valley of the Lodénice
River, near the village of Svaty Jan Pod Skalou. The new line was to cross
the valley on a 700m long viaduct, which would be followed by the 4km
long Svaty Jan tunnel, ending in the valley of the Berounka River. In the
spring of 2006, an attending study was issued, which elaborated the plan-
ning study and further solved variants of the tunnel mouth in Prague (at
Hlubocepy and Mald Chuchle) and the technique of the crossing of the
Lodénice River at Svaty Jan Pod Skalou (either a bridge or an underpass).
An extended geological information search, which gathered all knowledge
about the geological structure of the area of operations, was also carried out
in the spring of 2006. The information search was followed by an initial
risk analysis, which provided the evaluation of construction and operating

risks.
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Obr. 3 Bdzovy tunel na trati Lyon-Turin (www.ltf-sas.com)
Fig. 3 The base tunnel on the Lyon — Turin rail line (www.ltf-sas.com)

tunel traté¢ Praha-Smichov — Beroun. Odbocka na Kr¢ bude slouZit pro
zv1a§tn{ ndkladni dopravu, osobni vlaky budou jezdit na ZST Praha -
Smichov. BéZnd nakladni doprava bude vedena po stdvajici trati podél
Berounky.

PredbéZny geotechnicky pruzkum zvolené trasy byl dokoncen
v kvétnu 2007. Pripravnd dokumentace (dokumentace pro tzemni roz-
hodnuti) nového Zelezni¢niho spojeni Praha — Beroun byla odevzddna
v ¢ervnu 2007 a do konce roku 2007 byly do dokumentace zapracova-
ny pripominky. Nynf probihd schvalovaci proces pro ziskdni tizemniho
rozhodnuti, proces posuzovani vlivu stavby na Zivotni prostiedi (EIA),
priprava realizace pruzkumnych dél, priprava dalii fize geotechnického
pruzkumu a vybérové fizeni pro vypracovani dalsiho stupné rizikové
analyzy. Zahdjeni praci na projektu stavby je predpokldddno béhem
leto$niho roku. Zahdjeni vystavby projektu je pfedpokldddno v roce
2011, projekt by mél byt dokoncen v roce 2016.

3. PARAMETRY TUNELU PRAHA - BEROUN

Névrhové rychlost tunelu by méla byt 270 km/h. Zpracovand pri-
pravnd dokumentace uvaZuje realizaci dvou jednokolejnych tunelt
s kruhovym profilem o vnitinim pruméru 8,3 m. Protismémné tunely
budou spojeny propojkami s rozestupy 400 m. Tunely budou obsahovat
dva rozplety v oblasti Prahy (odbocka na Kr¢) a dva rozplety v oblasti
Berouna (pro moznost realizace odboceni v budoucnu). Odboceni jsou
feSena mimovroviiové, protismérad jizda vlaka v jednom tunelu je
vyloucena.

Geologickd stavba v trase tunelu je pomérné pestra. Razba tunelu
bude probihat v hornindch devonu (deskovité a lavicovité vdpence,
masivni dolomity s vloZzkami vapnitych a jilovitych bridlic), siluru (des-
kovité a lavicovité vapence, masivni dolomity s vloZkami védpnitych,
jilovitych a tufitickych bridlic, diabasy, mandlovce a basalty)
a v centralni &asti v km 11,0 — 17,5 v hornindch ordoviku (jilovité brid-
lice s vyskytem bloku tufitickych a vapnitych bfidlic siluru). Nadloz{
tunelu bude dosahovat az 160 m. Na zdkladé dosud ziskanych informa-
ci o horninovém prostredi je predpokldddn mozny vyskyt krasovych
jevu na usecich v celkové délce priblizné 3 km. V tsecich s moZznym
vyskytem krasovych jevi je predpokldddna konvenc¢ni razba (NRTM).
Diéle jsou ocekdvdna smérnd poruchovéd pdasma v jilovitych bridlicich
ordoviku a pomérné hustd pri¢nd tektonika v dsecich o celkové délce
okolo 10 km. Oc¢ekdvand hladina podzemni vody (HPV) je nad tunely,
izolace veSkerych podzemnich staveb je navrZena jako celoplo$nd.

Razba tunelt bude probihat pomoci nékolika TBM, &4st tunelt bude
raZena pomoci NRTM (tunely v oblasti prazskych portdla, propojky,
rozplety, Sachty, atd.). Obousmérné razby pomoci TBM jsou predpokld-
dédny ze staveni$té u obce Tachlovice priblizné uprostfed tunelu, kde
bude zfizen pristupovy tunel, Sachta a montdzni komory pro TBM.
Projekt bude umoZnovat i razbu smérem od Berouna. Vzhledem
k nedostatku prostoru v oblasti prazskych portéla je realizace NRTM
raZeb mezi rozplety a prazskymi portdly predpoklddéna z pristupového
tunelu Chuchle. Pristupové Stoly Tachlovice a Chuchle budou vyuZity
pro geotechnicky prizkum.

Of the possible route variants, the winning variant was the 24.7km long
tunnel which partially bypasses the karst area between Prague and Beroun
by means of a north-running curve (see Fig. 1). The resultant route, star-
ting at Prague Smichov railway station, enters the tunnel at km 3.00 (the
Hlubocepy portals) and exits at km 27.76 (the Beroun portal), to cross the
Berounka River on a new bridge, and continues to Beroun station, at km
28.50. The new line even comprises a branch joining it from the Prague
Vrsovice direction. The branch track starts at Prague Kr¢ station, uses
a part of the existing track between Prague VrSovice and Prague Radotin,
and joins the main tunnel on the Prague Smichov — Beroun line behind the
Branik bridge. The branch for Kr¢ will be used for special freight trains,
whereas passenger trains will run to Prague Smichov station. Common fre-
ight trains will use the existing rail line, along the Berounka River.

The preliminary geotechnical survey for the selected route was finished
in May 2007.

The design documentation for issuance of zoning and planning decision
for the new railway connection between Prague and Beroun was submit-
ted in June 2007; responses to the comments were incorporated into the
documentation before the end of 2007. The proceedings before the issuan-
ce of the zoning and planning approval are currently in progress, as well as
the work on the Environmental Impact Assessment (EIA), preparation of
the work on exploratory galleries, preparation of another phase of the geo-
technical survey and tender proceedings for the next stage of the risk ana-
lysis. The construction work is expected to commence in 2011; the works
should be completed in 2016.

3. PARAMETERS OF THE PRAGUE — BEROUN TUNNEL

The design speed in the tunnel should be 270kph. The design documen-
tation for issuance of zoning and planning decision proposes the construc-
tion of a pair of single-track tunnels, with an 8.3m i.d. circular cross secti-
on. The tunnel tubes will be interconnected by cross passages every 400m.
The tunnels will contain two bifurcation chambers in the Prague area (the
branching off for Kr¢) and two bifurcation chambers in the Beroun area (to

Obr. 4 Eurotunel — uspordddni (www.engineering.com)
Fig. 4 The Eurotunel configuration (www.engineering.com)
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4. OBDOBNE SVETOVE ZELEZNICNI TUNELY

Pfipravovany tunel Praha — Beroun je v CR jedine¢ny predeviim diky
své neobvyklé délce. NejdelSim realizovanym c¢eskym dopravnim tune-
lem je ddlni¢ni tunel Panenskd na ddlnici D8 o délce 2,1 km, nejdelSim
Ceskym Zelezni¢nim tunelem je v soucasné dobé jednokolejny tunel
Brezno délky 1,8 km.

V tab.1 jsou uvedeny nejdel$i moderni svétové Zelezni¢ni tunely,
star§{ tunely uvedeny nejsou (napf. priblizné 20 km dlouhé
Simplonské tunely z pocdtku 20. stoleti). Z uvedenych tabulek je patr-
né, Ze pripravovany tunel Praha — Beroun patii mezi nejdels{ svétové
Zelezniéni tunely, v celosvétovém méfitku neexistuje mnoho delsich
tuneld. Doposud je v provozu pouze 5 tuneld delSich neZ 25 km
(Seikan, Eurotunel a Iwate—Ichinohe, Lotschberg, Guadarrama). Do
roku 2010 by mély byt dokonceny dalsi dva tunely s délkou dosahuji-
ci 25 km (Hakkoda a Pajares), do roku 2016 dalsi tfi (Gotthard,
Koralm a Iyama).

5. KONCEPCE USPORADANI OBDOBNYCH TUNELU

V minulosti byly Zelezni¢ni tunely na dvoukolejnych tratich vétsi-
nou navrhovény jako dvoukolejné, dva jednokolejné tunely byly pou-
zivany predevS§im v nepfiznivych geologickych podminkdch, kde

Tab. 1 Nejdelsi moderni Zeleznicni tunely

Tuel

make the branching off possible in the future). The branching off will be
solved using a grade-separated configuration; trains are not allowed to run
against the traffic in one tunnel.

The geology along the tunnel alignment is quite chequered. The tunnel
excavation will pass through Devonian rocks (tabular and bedded limesto-
ne, massive dolomites with calcareous and clayey shale interbeds), Silurian
rocks (tabular and bedded limestone, massive dolomites with calcareous,
clayey and tuffitic shale interbeds, diabase, amygdaloidal rock and basalt)
and, in the central part at km 11.0 - 17.5, in Ordovician rocks (clayey sha-
les and occurrences of blocks of Silurian tuffitic and calcareous shales).
The tunnel cover will be up to 160m thick. As we know on the basis of the
information which has been gathered till now, the possibility of the occur-
rence of karst phenomena within stretches at the total length of about 3km
is expected. Conventional (NATM) excavation is expected to take place in
the sections where the karst phenomena can be encountered. In addition,
longitudinal weakness zones in the Ordovician clayey shales and relative-
ly dense transverse faults are predicted for sections at the total length of
about 10km. The water table is expected to be above the tunnel; therefore
a closed waterproofing lining is designed for all underground structures.

The tunnels will be driven by several TBMs; the NATM will be used for
some portions of the tunnels (the tunnels in Prague portal areas, cross pas-
sages, bifurcation chambers, shafts etc.). The bi-directional TBM drives
are assumed to start from the site facility near the village of Tachlovice,
roughly at the midpoint of the tunnel, where an access tunnel, shaft and

Usporadani Bezpecnostni opatreni

Pfiprava, prizkum

Piiprava, prizkum

Piiprava, pruzkum

Tunel Umisténi Délka (km) Zahajeni Stav
provozu

Gotthard gvycarsko 57 2015 Vystavba
Brenner Rakousko — 56

Italie
Seikan Japonsko 54 1988 Provoz
Lyon—Turin Francie — Itdlie 53 2020
Eurotunel Anglie — Francie 50 1994 Provoz
Gibraltar Spanélsko — Maroko 37,7 Priprava
Lotschberg Svycarsko 346 2007 Provoz
Koralm Rakousko 328 2016
Guadarrama gpanélsko 284 2007 Provoz
Hakkoda Japonsko 26,5 2010 Vystavba
Iwate—Ichinohe Japonsko 258 2002 Provoz
Pajares Spanélsko 24,7 2010 Vystavba
Iyama Japonsko 222 2013 Vystavba
‘Waushaoling Cina 22,05 Provoz
Vereina Svycarsko 19 1999 Provoz
CTRL (Londyn) Anglie 19 2007 Provoz
Vaglia Itdlie 18,7 2008 Vystavba
Qingling Cina 18,5 2002 Provoz
Ceneri Svycarsko 154 2018 Priprava
Firenzuola Itdlie 152 2008 Vystavba
‘Wienerwald Rakousko 13.35 2012 Vystavba
Bussoleno Francie — Itdlie 125 2020 Priprava
Lainzer Rakousko 10.6 2012 Vystavba
Katzenberg Némecko 94 2012
Zimmerberg Svycarsko 94 2003 Provoz
Perthus gpanélsko 83 Vystavba
Storebaelt Diénsko 8 Provoz
Marseille Francie 7.8 2001 Provoz
Abdalajis Spanélsko 73 Vystavba
Groene Hart Nizozemsko 7,16 Vystavba

Dva jednokolejné tunely
Dva jednokolejné tunely
s paralelni tnikovou Stolou

Jeden dvoukolejny tunel a
tnikova Stola

Dva jednokolejné tunely

Dva jednokolejné tunely a
jeden obsluzny tunel

Dva jednokolejné tunely

a obsluzny tunel uprostred
Dva jednokolejné tunely
(Castené jednokolejny tunel
a Stola)

Dva jednokolejné tunely

Dva jednokolejné tunely

Jeden dvoukolejny tunel
Jeden dvoukolejny tunel
Dva jednokolejné tunely
Jeden dvoukolejny tunel
Dva jednokolejné tunely
Jeden jednokolejny tunel,
Céastedné jeden dvoukolejny
Dva jednokolejné tunely

Jeden dvoukolejny tunel

Dva jednokolejné tunely
Dva jednokolejné tunely

Jeden dvoukolejny tunel
Dva jednokolejné — 10,75 km
Jeden dvoukolejny — 2,37 km

Dva jednokolejné tunely
Dva jednokolejné — 2,3 km
Jeden dvoukolejny — 8,3 m
Dva jednokolejné tunely
Jeden dvoukolejny tunel
Dva jednokolejné tunely

Dva jednokolejné tunely

Jeden dvoukolejny tunel
Dva jednokolejné tunely

Jeden dvoukolejny tunel, koleje
oddéleny zdi s tinikovymi dvefmi

2 multifunkéni stanice

3 multifunkéni stanice

s pristupem na povrch

2 nouzové stanice, obsluZny tunel
propojeny s hlavnim tunelem

po 600—-1000 m (Sachty, Stoly)

4 nouzové stanice s pristupem

na povrch

2 komory kfiZeni
Paralelni obsluZny tunel
na celou délku

2 stanice — jedna servisni
a jedna tnikovd

Nouzovd stanice uprostied délky
tunelu bez pristupu na povrch
500 m dlouhy zéchranny tunel
uprostred s propojkami po 50 m,
nouzové komory po 2250 m

Bez tinikového vychodu

Ventila¢ni a Gnikové Sachty ve
vzdélenosti max. 3 km

8 km obsluZny tunel ve stfedni &dsti
s propojkami po 250 m

Unikovy vychod uprostied,
odboceni v tunelu

Unikové 3toly délky 380 m az 1500 m
3 nouzové vychody a kaverna

pro kontrolu koure se svislou
Sachtou

Nouzové tniky vzdalené
120 - 599 m

Ventila¢ni Sachty

4 propojky pro vybaveni
(vzdalenost 1,6 km)

Ventilace pro pfipad havdrie,
monitorovaci a kontrolni systém
Bez nouzového tniku, bez ventilace

3 tnikové Sachty po 2,3 km
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Tab. 1 The longest modern railway tunnels
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Tunnel Location Length (km) Commissioning Status Arrangement Safety measures

Gotthard Switzerland 57 2015 construction Two single-track tunnels 2 multiple-function stations

Brenner Austria - Italy 56 planning, surveys Two single-track tunnels with 3 multiple-function stations

a parallel escape gallery with an access to the surface
Seikan Japan 54 1988 operation One double-track tunnel with 2 emergency stations, service tunnel
an escape gallery connected with the main tunnel every
600 - 1000m (shafts, galleries)
Lyon - Turin France - Italy 53 2020 planning, surveys Two single-track tunnels 4 emergency stations with an access to
the surface
Eurotunnel England - France 50 1994 operation Two single-track tunnels 2 crossover chambers
and one service tunnel

Gibraltar Spain - Morocco  37.7 planning Two single-track tunnels Parallel service tunnel
and one service tunnel in the middle throughout the length

Lotschberg Switzerland 34.6 2007 operation Two single-track tunnels (partially 2 stations — one service st. and one
a single-track tunnel and a gallery) escape st.

Koralm Austria 32.8 2016 planning, surveys Two single-track tunnels Emergency station in the middle of
the tunnel length, without access to the
surface

Guadarrama Spain 284 2007 operation Two single-track tunnels 500 m long rescue tunnel in the middle;
cross passages every 50m, emergency
chambers every 2250m

Hakkoda Japan 26.5 2010 construction One double-track tunnel

Iwate-Ichinohe Japan 25.8 2002 operation One double-track tunnel

Pajares Spain 247 2010 construction Two single-track tunnels

Iyama Japan 222 2013 construction One double-track tunnel

‘Waushaoling China 22.05 operation Two single-track tunnels

Vereina Switzerland 19 1999 operation One single-track tunnel, Without escape exit

partially one double-track tunnel

CTRL (London) England 19 2007 operation Two single-track tunnels Ventilation and escape shafts at max.
spacing of 3km

Vaglia Italy 18.7 2008 construction One double-track tunnel 8km long service tunnel in the middle
part, cross passages every 250m

Qingling China 18.5 2002 operation Two single-track tunnels

Ceneri Switzerland 154 2018 planning Two single-track tunnels Escape exit in the middle, branching off
in the tunnel

Firenzuola Italy 152 2008 construction One double-track tunnel Escape galleries 380m to 1500m long

Wienerwald Austria 13.35 2012 construction Two single-track — 10.75km 3 emergency exits and

One double-track — 2.37km a smoke control cavern and vertical shaft

Bussoleno France - Italy 12.5 2020 planning Two single-track tunnels

Lainzer Austria 10.6 2012 construction Two single-track — 2.3km

One double-track — 8.3km Emergency exits every 120 — 599m

Katzenberg Germany 94 2012 Two single-track tunnels Ventilation shafts

Zimmerberg Switzerland 94 2003 operation One double-track tunnel

Perthus Spain 83 construction Two single-track tunnels 4 cross passages for equipment
(1.6km spacing)

Storebaelt Denmark 8 operation Two single-track tunnels Emergency ventilation, monitoring
and control system

Marseille France 78 2001 operation One double-track tunnel Without emergency exit, without
ventilation

Abdalajis Spain 73 construction Two single-track tunnels

Groene Hart the Netherlands 7.16 construction One double-track tunnel, tracks 3 escape shafts at 2.3km spacing

mens{ plocha vyrubu znamenala bezpecnéj§i razbu. V soucasné dobé
vzhledem k vy$§im ndvrhovym rychlostem a predevsim diky vy$$im
poZadavkam na bezpenost je stdle Castéji uprednostiiovan koncept
dvou jednokolejnych tuneld spojenych propojkami (tab. 4, obr. 2 a 3).
U stdvajicich tuneld vznikaji poZzadavky dodate¢ného zhotoveni dni-
kovych vychodu (paralelni Stoly s propojkami &i tnikové Sachty).
Nékteré tunely jsou dokonce navrhovéany jako dva Zelezni¢ni tunely
s paralelnim obsluznym ¢i tinikovym tunelem, coz je z hlediska bez-
pecnosti prirozené nejvyhodnéjsi feSeni, na druhou stranu toto reSeni
znamend nejvyssi cenu.

Ve viech pfipadech evropskych tunelt nad 20 km jsou protismérné
trat€ umistény do dvou samostatnych tunela spojenych v pravidelnych
intervalech propojkami. Realizace tretiho obsluzného ¢i tnikového
tunelu byla pouzita pouze u Eurotunelu (50 km) (obr. 4), ddle pak je
pldnovana u bazového tunelu Brenner (56 km) (obr. 5). Koncept jed-
noho dvoukolejného tunelu s délkou pres 20 km je preferovan pouze
v Japonsku. Nejdel§imi provozovanymi dvoukolejnymi tunely jsou
Seikan (54 km) a Iwate — Ichinohe (26 km). V soucasné dob¢ také pro-
bihd v Japonsku stavba dvoukolejnych tunelt Hakkoda (26,5 m)
a Iyama (22 km). Z pohledu dlouhych tunelt je zcela vyjimeény kon-
cept Svycarského tunelu Vereina (19 km), ktery je na vétSiné délky
jednokolejny a je zcela bez dnikovych vychodu. Jednd se v8ak o tunel
pro tzkokolejné soupravy s nizkou ndvrhovou rychlosti. Nejdel$imi
dvoukolejnymi tunely v Evropé budou italské tunely Vaglia (19 km)
a Firenzuola (15 km) na trati Bolona—Florencie. Délky vSech ostatnich
dvoukolejnych tuneld v Evropé nepiekracuji 10 km.

separated by a wall with escape doors

TBM assembly chambers will be excavated. The design will allow the
excavation to proceed even in the direction from Beroun. Because of lack
of space in the area of the Prague portals, the NATM excavation of the sec-
tion between the bifurcation chambers and Prague portals is assumed to be
carried out through the Chuchle access tunnel. The Tachlovice and
Chuchle access adits will be used for geotechnical surveys.

4. SIMILAR RAILWAY TUNNELS IN THE WORLD

The Prague — Beroun tunnel which is being prepared is unique first of
all owing to its length, which is unusual in the Czech Republic. The lon-
gest Czech transit tunnel which has been built is the 2.1km long Panenska
tunnel on the D8 motorway, whereas the longest Czech rail tunnel is cur-
rently the 1.8km long, single-track tunnel Brezno.

Table 1 presents the world’s longest, modern rail tunnels; older tunnels
(e.g. the approximately 20km long Simplon tunnels from the beginning of
the 20th century) are not shown. It is obvious from the table that the plan-
ned Prague — Beroun tunnel belongs among the longest rail tunnels in the
world. There are not many longer tunnels worldwide. So far, only 5 tunne-
Is longer than 25km have been opened (Seikan, Eurotunel and Iwate —
Ichinohe, Lotschberg, Guadarrama). Other two tunnels with the length rea-
ching 25km should be finished by 2010 (the Hakkoda and Pajares tunne-
Is), and other three (the Gotthard, Koralm and Iyama) by 2016.

5. CONFIGURATION CONCEPTS OF SIMILAR TUNNELS

In the past, the double-track configuration was mostly designed for rail-
way tunnels on double-track lines; two single-track tunnel tubes were used,
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Severni portal Innsbruck
Innsbruck North portal

Stanice Innsbruck
Innsbruck station

Pristupovy tunel

Access tunnel Stanice Steinach

Steinach station

Pristupovy tunel
Access tunnel

Pristupovy tunel
Access tunnel

Stanice Wiesen
Wiesen station

Jizni portal Fortezza
Fortezza South portal

NN

Obr. 5 Brennersky bdzovy tunel — uspordddni (www.bbt-se.com)
Fig. 5 The Brenner base tunnel configuration (www.bbt-se.com)

6. PODZEMNI[ STANICE

Bezpe&nostni koncept dlouhych Zelezni¢nich tuneld velmi Casto zahr-
nuje podzemni stanice. Duvodem je zdmér, aby pri ohroZeni Zivota ces-
tujicich v osobnich vlacich délka jizdy vlaku do bezpe¢ného mista
neprekracovala 20 km. Bezpelnostni stanice jsou zpravidla vybaveny
dostateCnymi prostory a adekvatni ventilaci, aby v nich cestujici mohli
pockat na piijezd zdchranného vlaku. Zpravidla se jednd o tunely para-
lelni s tratovymi tunely, které jsou v intervalech cca 50 m propojeny
s tratovymi tunely. Diky nutnosti ventilace stanic jsou tyto stanice zpra-
vidla propojeny s povrchem pomoci piistupovych tunelt a Sachet.

Gotthardsky bdzovy tunel (57 km) zahrnuje 2 podzemni stanice
Sedrun a Faido (obr. 2). Lotschbersky bazovy tunel (34,6 km) zahrnuje
jednu podzemni stanici Ferden (obr. 6). Brennersky bdzovy tunel
(56 km) bude mit 3 podzemnf stanice (obr. 5), bazovy tunel Lyon—Turin
(53 km) bude zahrnovat 4 podzemni stanice (obr. 3), tunnel Koralm
(32,83 km) bude mit jednu stanici s obsluznym tunelem uprostied
v poloving délky (obr. 7), obdobné tunel Guadarrama (28 km) bude mit
500 m dlouhou oblast s obsluznym tunelem uprostied asi v poloviné délky.

7. PREJEZDY MEZI JEDNOKOLEJNYMI TUNELY

A ODBOCENI V TUNELU

Prejezdy mezi jednokolejnymi tunely byly navrzeny na vétsiné velmi
dlouhych Zelezni¢nich tuneld. V pripadé Eurotunelu byly pro prejezdy
vybudovdny dlouhé dvoukolejné kaverny, v ostatnich pripadech jsou
prejezdy feSeny jako Sikmé jednokolejné tunely spojujici hlavni tratové
tunely (napf. tunely Gotthard, Lotschberg, Brenner, Pajares, atd.).
Prejezdy nebyly navrZzeny pouze v nekterych pripadech (napr. na tune-
Iu Koralm).

Odboceni trati byva zpravidla navrhovdno mimo tunel, odbocen{
v tunelu neni béZné feseni. Tomuto feSent se vSak v nékterych specifickych

first of all, in unfavourable geological conditions, where the smaller exca-
vated area meant safer excavation processes. Today, with respect to higher
design speeds and, above all, more demanding safety requirements, the
configuration with two single-track tunnels connected by means of cross
passages (see Table 4, Figures 2 and 3) is more and more often given pre-
ference. Existing tunnels have to cope with requirements for provision of
additional of escape exits (parallel galleries with cross passages or escape
shafts). Even further, some tunnels are designed as two railway tunnels
with a parallel service or escape tunnel, which is, of course, the most con-
venient solution in terms of safety; on the other hand, this solution means
the highest cost.

In all of the cases of European tunnels longer than 20km, opposing
tracks are placed in two independent tunnel tubes, which are connected at
regular intervals by cross passages. The third tunnel for services or escape
services was implemented only in the case of the Eurotunnel (50km) (see
Fig. 4) and it is planned for the Brenner base tunnel (56km) (see Fig. 5).
The concept of a single, double-track tunnel longer than 20km is preferred
only in Japan. The longest operating double-track tunnels are the Seikan
(54km) and Iwate-Ichinohe (26km). In addition, the construction of the
Hakkoda (26.5km) and Iyama (22km) double-track tunnels is currently
underway in Japan. The concept of the Swiss tunnel Vereina (19km) is
absolutely exceptional in terms of long tunnels. It is a single-track confi-
guration throughout the major part of its length, without any escape exit.
Although, this is a tunnel designed for low design speed, narrow-gauge tra-
ins. The longest double-track tunnels in Europe will be the Vaglia (19km)
and Firenzuola (15km) tunnels in Italy, on the Bologna — Florence rail line.
The lengths of all other double-track tunnels in Europe do not exceed
10km.

6. UNDERGROUND STATIONS

The safety concept of long railway tunnels very often incorporates
underground stations. The reason is the intention to limit the length of tra-
vel of a passenger train to a safe place, in the case of a threat to passengers’
life, to 20km. The safety stations are usually equipped with sufficient



Obr. 6 Lotschbersky bdazovy tunel — usporddani (www.blsalptransit.ch)
Fig. 6 The Lotschberg base tunnel configuration (www.blsalptransit.ch)

pripadech neni mozné vyhnout. Odboceni v tunelu naptiklad bude na hlou-
bené ¢asti tunelu Wienerwald, ddle je planovadno na Brennerském bazovém
tunelu a na bdzovém tunelu Ceneri. V pfipad¢ tunelu Praha — Beroun bude
nutné dukladné proveéfit veskerd rizika odbodeni ve vysokorychlostnim
tunelu a vliv tohoto feSeni na provoz.

8. VNITRNI PRUMER JEDNOKOLEJNYCH TUNELU

Vnitini primér jednokolejnych Zelezni¢nich tunelu se odviji od fady
faktort (predpoklddané vlakové soupravy, zpasobu uchyceni trakce,
ndvrhova rychlost, atd.). Diky tomu se tento parametr u riznych tunelt
zna¢né odliduje. V tab. 2 jsou uvedeny vnitini priméry nékterych dlou-
hych jednokolejnych Zelezni¢nich tuneld.

Tab. 2 Vnitini pruméry dlouhych Zelezniénich tunelii

Tunel Umisténi Délka Rychlost Uvedeni  Vnitfni
(km) (km/h) do provozu prumér
(m)
Gotthard §V}’/carsko 57 250 2015 8,30
Eurotunel Francie—Anglie 50 160 1994 7,60
Lotschberg ~ Svycarsko 34,6 250 2007 8,40
Guadarrama §panélsko 284 350 2007 8,50
Pajares Spanélsko 24,7 2010 8,50
CTRL Velka Briténie 19 270 2007 7,15
(36,8)
Katzenberg Némecko 94 250 2012 9,40
Perthus §panélsko—Francie 8.3 Vystavba 8,70
Storebaelt  Dénsko 8 160 km/h Provoz 7,70
Abdalajis Spanélsko 73 350 km/h  Vystavba 8,80
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spaces and adequate ventilation, enabling passengers to wait for the arrival
of a rescue train. The stations have usually the form of tunnels, parallel
with the running tunnels, which are connected with the running tunnels by
cross passages at about 50m intervals. Thanks to the necessity for the ven-
tilation of the stations, the stations are usually connected with the surface
through access tunnels and shafts.

The Gotthard base tunnel (57km) comprises 2 underground stations,
ie. the Sedrun and Faido (see Fig. 2). The Lotschberg base tunnel
(34.6km) comprises one underground station, the Ferden station (see Fig.
6). The Brenner base tunnel (56km) will have 3 underground stations (see
Fig. 5); the Lyon — Turin base tunnel (53km) will comprise 4 underground
stations (see Fig. 3); the Koralm tunnel (32.8km) will have one station with
a service tunnel in the middle of its length (see Fig. 7); similarly, the
Guadarrama tunnel (32.8km) will have a 500m long area with a service
tunnel, roughly in the middle of the tunnel length.

7. CROSSOVER CONNECTIONS AND TRACK
BIFURCATIONS IN TUNNEL

Crossover connections between two single-track tunnels were designed
for the majority of long rail tunnels. Long, double-track crossover cham-
bers were built in the case of the Eurotunnel; in the other cases, the swit-
ching is solved through single-track tunnels running at an angle and con-
necting the main running tunnels (e.g. the Gotthard, Lotschberg, Brenner,
Pajares and other tunnels). The cases where no crossovers were designed
are infrequent (e.g. the Koralm tunnel).

Bifurcation of the track is usually designed to be outside the tunnel; the
track bifurcation inside the tunnel is not a common configuration. This
configuration, however, is impossible to avoid in some specific cases. The
track bifurcation inside a tunnel configuration will be used, for example,
within the cut and cover section of the Wienerwald tunnel; further it is
planned for the Brenner base tunnel and the Ceneri base tunnel. As far as
the Prague — Beroun tunnel is concerned, all hazards associated with the
branching off from a high-speed railway tunnel and the influence of this
solution on the operation will have to be examined.
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Z uvedenych vnitinich profili jsou nejmensi britské — Channel Tunnel
Rail Link (CTRL) — 7,15 m a Channel Tunnel (Eurotunel) — 7,6 m. Oba
tunely jsou na jedné Zelezni¢ni trati mezi Londynem a Pafizi. Davodem
minimalizace profila byla snaha o minimalizaci vysledné ceny.

Eurotunel slouZi jak pro bézné vlaky UIC (International Union of
Railways), tak i pro objemnéjsi nakladni vlaky. CTRL slouZi pouze pro
vlaky UIC, proto bylo moZzné dosdhnout je§t¢ mensiho profilu nez
u Eurotunelu.

Eurotunel byl navrZzen s vysokym pomérem pii¢ného fezu vlaku ku
pii¢nému fezu tunelu (tzv. blockage ratio). V piipadé vlaku UIC je to
25 %, v ptipadé nakladnich vlaku je to dokonce 50 %. Pfirozené tento
vy$§i pomér prindsi vyssi odpor vzduchu behem jizdy vlaku, proto byly
v Eurotunelu navrZzeny kandly pro uvolnéni tlaku vzduchu. Kandly spo-
juji Zelezni¢ni tunely (nad obsluznym tunelem) a jejich rozestup je
250 m. Timto zpusobem je tlak vzduchu naakumulovany pred lokomo-
tivou preveden do mist s niz§im tlakem. Pfirozené veskeré vybaveni
tunelu bylo nutné pfizpusobit minimédlnimu prostoru.

U Svycarskych bazovych tunelt (Lotschberg, Gotthard) se podafilo
velikost vnitfniho profilu redukovat na 8,3 m. Obdobné jako u britskych
tunell si dand redukce vyzddala fadu nestandardnich opatfeni.
Nestandardni uchyceni trakce muselo byt vzhledem k vysoké ndvrhové
rychlosti posuzovdno na dynamické zatiZeni tlakem vzduchu.

Nejvétsi profil md z uvedenych piikladi tunel Katzenberg
v Némecku, jehoZ profil je 9,4 m. Divodem vétsiho profilu u tohoto
tunelu byla obava projektantti z moznych prusaki vody skrz segmento-
vé osténi, proto byla ponechdna moZnost dodate¢né realizace vnitrniho
osténi.

9. UMISTENI PROPOJEK A NOUZOVYCH UNIKU

U dlouhych Zelezni¢nich tunell se povaZuje za nutné, aby cestujici
v pripadé mimofddnych udélosti méli moznost uniku do bezpe¢ného
prostoru. Proto zdvisi bezpe¢ny dnik predev§im na délce tinikové cesty
k tunelové propojce ¢i k vychodu z tunelu (portdly, dnikové tunely ¢i
Sachty). Tunelové propojky jsou standardnim zaji$ténim tniku v pripadé
dvou jednokolejnych tuneld. Vhodnd volba jejich vzddlenosti je
z hlediska bezpecnosti zcela zdsadni. Volba vzdalenosti propojek zavis{
na mnoha faktorech (poZadavky hasi¢skych zdchrannych sbort, pred-
poklddané scéndfe mimorddnych udélosti, velikost tunelu, vlastnosti
materidlu v tunelu a ve vlakovych soupravéch, atd.). Proto se vzdale-
nosti propojek na raznych projektech znaéné lisi.

Shrnuti vzdélenosti propojek ¢i tnikovych vychoda je provedeno
v tab. 3. Obecné se vzddlenost propojek v pripadé dvou jednokolejnych
tunelti pohybuje mezi 250 m (Guadarrama, Great Belt) a 500 m (Koralm
(obr. 7), Katzenberg, Wienerwald (obr. 8)), na tunelech Channel Tunnel
Rail Link (CTRL) byla dokonce ptivodné pldnovand vzdélenost 350 m
zvy$ena na 750 m. V pfipadé jednoho dvoukolejného tunelu je délka
tnikovych cest v nékterych prfipadech jeSt¢ vyrazné vyssi. Tunely
Vereina (19 km) a Marseille (7,8 km) nemaji Zadné tinikové cesty, délka
unikovych cest na v soucasné dobé¢ realizovanych italskych tunelech
Firenzuola a Vaglia bude ptesahovat 4 km.

Tuel

8. INTERNAL DIAMETER OF SINGLE-TRACK TUNNELS

The inner diameter of single-track tunnels depends on many factors (the
anticipated trains, the system of fixation of the contact line, design speed
etc.). Owing to this fact, this parameter significantly varies for various tun-
nels. Table 2 presents inner diameters of some long single-track tunnels.

Tab.2 Internal diameters of long rail tunnels

Tunnel Location Length Speed Commis- Internal
sioning  diameter
Gotthard Switzerland 57km 250kph 2015 8.30m
Eurotunel  France - England  50km 160 kph 1994 7.60m
Lotschberg  Switzerland 346km  250kph 2007 8.40m
Guadarrama Spain 284km 350 kph 2007 8.50m
Pajares Spain 24.7km 2010 8.50m
CTRL UK 19km 270 kph 2007 7.15m
(36.8 km)
Katzenberg Germany 9.4 km 250 kph 2012 940 m
Perthus Spain - France 8.3 km Construction  8.70m
Storebaelt  Denmark 8km 160 kph Operation 7.70m
Abdalajis  Spain 7.3 km 350 kph Construction ~ 8.80m

The smallest of the above-mentioned inner diameters have the British
tunnels —Channel Tunnel Rail Link (CTRL) — 7.15m and Channel Tunnel
(Eurotunel) — 7.6m. Both tunnels are on one rail line between London and
Paris. The reason for the minimisation of the profiles was an effort for the
minimisation of the resultant cost.

The Eurotunnel is used by both common UIC (International Union of
Railways) trains and higher capacity freight trains. The CTRL is designed
only for UIC trains, which is the reason why even a smaller profile could
be achieved than that of the Eurotel.

The ratio of the train cross-sectional area to the tunnel cross-sectional
area (the so-called blockage ratio) which was designed for the Eurotunnel
is high. The ratio for the UIC trains is 25%, whereas the ratio for freight
trains is even 50%. Naturally, the higher ratio means higher resistance of
air during the train travel. For that reason, pressure-relieving ducts were
designed for the Eurotunnel. The ducts connecting the rail tunnels (running
over the service tunnel) are installed at 250m spacing. This system allows
the air which accumulates in front of the locomotive to be diverted to loca-
tions where the pressure is lower. Of course, all tunnel equipment had to
be accommodated to the minimum space.

The dimensions of the inner profiles of the Swiss base tunnels
Lotschberg and Gotthard were successfully reduced to 8.3m. Similarly to
British tunnels, the reduction required many non-standard measures.
Because of the high design speed, non-standard fixation of the contact line
had to be designed to withstand the dynamical air pressure load.

Of the above-mentioned examples, the Katzenberg tunnel in Germany
has the largest profile, 9.4m diameter. The reason for the larger profile of
this tunnel was the fact that the designers feared possible seepage through
the segmental lining. This design allowed the additional installation of an
inner lining in the future.

1. Sachta Paierdorf — Paierdorf shaft

2. Zapadni portal — West portal

3. Pruzkumna $tola — Pilot adit 1
4. Nouzova stanice — Emergency station

5. Sachta Leibenfeld — Leibenfeld shaft i
6. Vychodni portal — East portal

9. LOCATION OF
CROSS PASSAGES AND
EMERGENCY EXITS

It is considered necessary
S that a long rail tunnel must
give passengers the opportu-
nity to escape to a safe space
in the case of an emergency.
The safe escape therefore
depends, first of all, on the
length of the escape route to
a cross passage or a tunnel
exit (portals, escape tunnels
or shafts). Tunnel cross pas-
sages are a standard means
of securing safety in the case
of a twin-tube tunnel. The
proper choice of the spacing
of the cross passages is the-

Obr. 7 Tunel Koralm — uspordddni (www.ita-aites.org)
Fig. 7 The Koralm tunnel configuration (www.ita-aites.org)

refore of utmost importance.
The choice of the spacing of
cross passages depends on
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Tab. 3 Vzddlenost propojek a tinikovych vychodii

Tunel Délka Uvedeni do Usporadani Vzdalenost propojek
(km) provozu (4nikovych vychodu)
(m)
Groene Hart 7,16 Jeden dvoukolejny tunel
s prepazkou Dvere po 150 m
Perthus 83 Dva jednokolejné tunely 200
Storebaelt 8 Dva jednokolejné tunely 250
Guadarrama 284 2007 Dva jednokolejné tunely 250
Ceneri Base
Tunnel (CBT) 154 2018 Dva jednokolejné tunely 320
Gotthard 57 2015 Dva jednokolejné tunely 325
Lotschberg 34,6 2007 Dva jednokolejné tunely
(Caste¢né jeden jednokolejny a Stola) 333
Brenner Base Tunnel (BBT) 56 Dva jednokolejné tunely 333
Abdalajis 73 Dva jednokolejné tunely 350
Eurotunel 50 1994 Dva jednokolejné tunely
a jeden obsluzny tunel 375
Lyon - Turin 53 2015 Dva jednokolejné tunely 400
Bussoleno 12,5 2015 Dva jednokolejné tunely 400
Koralm 328 2016 Dva jednokolejné tunely 500
Katzenberg 94 2012 Dva jednokolejné tunely 500
Wienerwald 13,35 2012 Dva jednokolejné 10,75 km 500
Jeden dvoukolejny 2,37 km 3ks
Seikan 54 1988 Jeden dvoukolejny tunel 600-1000
CTRL 19 2007 Dva jednokolejné tunely 750 (puvodné
(Londynské tunely) pldnovéno 350 )
Lainzer 10,6 2012 Dva jednokolejné 2,3 km Vzddlenost tnikovych
Jeden dvoukolejné 8,3 km vychodt 120-599
Vaglia 18,7 2008 Dvoukolejny Vzdalenost tinikovych
vychodu az 4500
Firenzuola 152 2008 Dvoukolejny Vzdalenost tinikovych
vychodu az 5000
Marseille 7.8 2001 Dvoukolejny Bez tnikovych vychoda
Vereina 19 1999 Jeden jednokolejny Bez tinikovych vychoda
(6 km dvoukolejny)
Tab.3 Spacing of cross passages and escape exits
Tunnel Length Commissioning Configuration Spacing of cross passages
(km) / escape exits [m]
Groene Hart 7.16 One double-track tunnel with a dividing wall Doors - 150
Perthus 8.3 Two single-track tunnels 200
Storebaelt 8 Two single-track tunnels 250
Guadarrama 28.4 2007 Two single-track tunnels 250
Ceneri Base Tunnel (CBT) 154 2018 Two single-track tunnels 320
Gotthard 57 2015 Two single-track tunnels 325
Lotschberg 34.6 2007 Two single-track tunnels
(partly one single-track plus a gallery) 333
Brenner Base Tunnel (BBT) 56 Two single-track tunnels 333
Abdalajis 7.3 Two single-track tunnels 350
Eurotunel 50 1994 Two single-track tunnels plus one service tunnel 375
Lyon - Turin 53 2015 Two single-track tunnels 400
Bussoleno 12.5 2015 Two single-track tunnels 400
Koralm 32.8 2016 Two single-track tunnels 500
Katzenberg 94 2012 Two single-track tunnels 500
Wienerwald 13.35 2012 Two single tracks 10.75km 500
One double-track 2.37km 3 exits
Seikan 54 1988 One double-track tunnel 600 - 1000
CTRL 19 2007 Two single-track tunnels 750 (original plan: 350)
(London tunnels)
Lainzer 10.6 2012 Two single tracks 2.3km Spacing of escape exits:
One double-track 8.3km 120 - 599
Vaglia 18.7 2008 One double-track Spacing of escape exits:
up to 4500
Firenzuola 15.2 2008 One double-track Spacing of escape exits:
up to 5000
Marseille 7.8 2001 One double-track Without escape exits
Vereina 19 1999 One single-track (6km double-track) Without escape exits
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LEGENDA / LEGEND

1. Dva jednokolejné tunely razené TBM / TBM driven pair of single — track tunnels
2. Dvoukolejny tunel razeny NRTM — NATM driven double-track tunne

3. Hloubeny tsek — Cut and cover section
4. Pristupovy tunel — Access tunnel
5. Ventila¢ni Sachta — Ventilation shaft
6. Unikové vychody — Escape exits

Obr. 8 Tunel Wienerwald — uspordddni (Kohler 2007)
Fig. 8 The Wienerwald tunnel configuration (Kohler 2007)

10. VYSTAVBA TUNELU V KRASOVYCH OBLASTECH

Rizika krasovych oblasti pro podzemni dila jsou znama. Pohybuji se
od nestabilnich vdpencovych svahi a lokdlnich depresi aZ k obrovskym
podzemnim rezervodram. Tunely raZené v krasovych oblastech Casto
zastihuji dutiny. Rozmérné podzemni dutiny mohou zastavit postup
raZeb i na mnoho mésicu. Napiiklad v pripadé NRTM razby Zelezni¢ni-
ho tunelu Irlahull délky 7,3 km v Némecku doSlo ve stanieni
300-400 m od jizniho portdlu k velmi vyraznym stabilitnim problémim
osténi, kvuli EemuZ bylo nutné razbu prerusit na 1,5 roku. Prodlevy
vzniklé predeviim kvali zastizenym krasovym jevim (obr. 9) prodlouZily

Tab. 4 Projekty tuneli v krasovych oblastech
Tab. 4 Tunnel construction projects in karst areas

many factors (requirements of fire brigades, anticipated scenarios of
emergencies, tunnel dimensions, properties of materials used in the tun-
nel and trains etc.). This is the reason why the spacing of cross passages
significantly varies for different projects.

The overview of the spacing of cross passages or escape exits is pre-
sented in Table 3. In general, the spacing of cross passages in the cases
of a pair of single-track tunnels varies between 250m (Guadarrama,
Great Belt) and 500 m (Koralm (see Fig.7), Katzenberg, Wienerwald
(see Fig. 8); the planned spacing of 350m in the Channel Tunnel Rail
Link (CTRL) was even increased to 750m. In the case of a double-track
tunnel, the length of escape routes is in some cases even much greater.

Tunel / Tunnel Zemé / Country Ukel / Purpose
SMART Malajsie / Malaysia silni¢ni, voda / road, water
Monte Zucco Itdlie / Italy ZelezniCni / railway
Yellow River Diversion (Lot 3) Cina / China vodovodni / water
Tuzla Turecko / Turkey vodovodni / water
Xiaotang-Gantang Cina / China silni¢ni / road
Irlahull Némecko / Germany  Zelezniéni / railway
Sv. Rok Chorvatsko / Croatia silni¢ni / road
Kastalec Slovinsko / Slovenia silniéni / road
Katzenberg Némecko / Germany  Zelezniéni / railway
Lucica Slovinsko / Slovenia silni¢ni / road
Tuhobic¢ Chorvatsko / Croatia silni¢n{ / road
Qiyueshan Cina / China zeleznicni / railway
Bendtky-Terst Itdlie / Italy ZelezniCni / railway

Délka / Length  Profil / Profile Metoda razby Stav
(km) (m) Excavation method State
9,7 132 bentonitové TBM / slurry TBM  provoz / operation
277 8 EPB TBM / EPB TBM provoz / operation
41 49 hardrock TBM / hardrock TBM  provoz / operation
6.5 5 NRTM (4,9 km) / NATM (4.9km)
TBM (1,6 km) / TBM (1,6 km)  provoz / operation
2x7 12 NRTM / NATM provoz / operation
73 9.5 NRTM / NATM provoz / operation
5.8 12 NRTM / NATM provoz / operation
22 12 NRTM / NATM provoz / operation
2x94 11,1 EPB TBM / EPB TBM vystavba / construction
2x06 12 NRTM / NATM vystavba / construction
2x2,1 109 NRTM / NATM vystavba / construction
10 ? ? priprava / planning
21 ? ? priprava / planning




Obr. 9 Krasové jevy zastiZené pri razbé tunelu Irlahull (ILF Consulting
Engineers s. r. 0.)

Fig. 9 The karst phenomena encountered during the course of the Irlahull
tunnel excavation (ILF Consulting Engineers s.r.o.)

celkové realizaci projektu o 27 mésict. Béhem razby 88 km tunelt
vodohospoddrského projektu Wan Jia Zhai Yellow River Diversion
v Ciné byly zastizeny velmi rozmémé podzemni dutiny, které zastavily
postup tunelovacich stroji TBM také v nékolika piipadech na nékolik
mésict a mnoho mensich dutin také velmi zna¢né zpozdilo razby.

Z hlediska volby metody razby je prirozené konvenéni tunelovani
pomoci NRTM podstatné flexibilnéji, coZ je zpravidla vyhodou pri
razbé v heterogennim prostied (relativné tvrdy vdpenec, dutiny, mékka
vypln dutin, atd.). Pruizkum prostoru pred elbou pomoci vrtu lze pfi
NRTM provést podstatné dukladnéji v porovnani s TBM, poloha a smér
jednotlivych vrti nejsou prili§ omezeny, lze vrtat kompletni véjife od
stropu tunelu az po spodni klenbu. Pfi vyuziti TBM jsou moZnosti vrtu
omezené. TBM sestavené pro razbu v krasu by mélo umoznovat reali-
zaci vrtl po celém obvodu stroje. TBM by mélo byt vybaveno zafize-
nim umoZiiujicim geofyzikdlni prizkum prostoru pred elbou, které by
pomohlo identifikovat dutiny s predstihem. Pro ilustraci jsou v tab. 4
uvedeny nékteré projekty tuneld v krasovych oblastech s uvedenim
metody razby.

11. ZAVER

Pripravovany tunel Praha—Beroun svymi parametry, tj. zpusobem
a dobou vystavby, délkou a cenou presahuje vSechny zatim realizované
dopravni stavby v CR. Svou jedine¢nosti znamen4 velkou vyzvu pro
Ceské tuneldrské stavitelstvi a zdroven také prileZitost posunout
v ndsledujicim desetileti tento obor v CR na tiroveti umoziujici podilet
se na obdobnych budoucich stavbdch v Evropé i ve svéte. Maximaln{
pozornost a usili vénované pripravé projektu je podminkou predpokld-
daného urychleného zahdjeni vystavby. Prubéh vlastni vystavby bude
odpovidat rozsahu a kvalité pfipravy a kontroly provadéni. ZkuSenosti
z obdobnych evropskych projektd ndm pfitom mohou byt velmi cennym
podkladem.

ING. MATOUS HILAR, MSc., Ph.D., CEng., MICE.,
hilar@d2-consult.cz, ING. MARTIN SRB; srb@d2-consult.cz;
D2 CONSULT PRAGUE s. r. o.
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The Vereina tunnel (19km) and Marseille tunnel (7.8km) have no exit
routes; the length of escape routes in the Firenzuola and Vaglia tunnels,
which are currently under construction, will exceed 4km.

10. TUNNEL CONSTRUCTION IN KARST AREAS

Hazards to underground workings in karst areas are known. They
range from instable limestone slopes and local depressions to extensive
underground reservoirs. Tunnel excavation passing through karst regi-
ons frequently encounters cavities. Big underground caverns are able to
cause the suspension of the progress of excavation even for many
months. For example, the NATM excavation of the 7.3km long Irlahull
railway tunnel in Germany encountered serious problems of the lining
stability at a distance of 300 — 400m from the southern portal, which
caused the suspension of excavation for 1.5 years. The delays which
were caused, above all, by the encountering of karst phenomena (see
Fig. 9) extended the total construction time by 27 months. Very large
underground cavities which were encountered during the TBM driving
of the Wan Jia Zhai Yellow River Diversion tunnel in China suspended
the progress of the TBMs in several cases even for several months;
numerous smaller cavities also caused significant delays of the excava-
tion.

Naturally, in terms of the selection of the excavation method, the tra-
ditional NATM tunnelling is substantially more flexible, which is usu-
ally advantageous during the excavation through a heterogeneous envi-
ronment (relatively hard limestone, cavities, soft fill of cavities etc.).
The probe drilling ahead of the excavation face can be carried out much
more thoroughly when the NATM is used compared to the TBM use;
positions and directions of individual boreholes are not too much
restricted, complete arrays of boreholes can be drilled from the crown to
the invert. When TBMs are used, the possibilities are limited. A TBM
which is designed for the excavation through karst should allow the dril-
ling around the complete circumference of the machine. The TBM
should be provided with such equipment which allows a geophysical
survey ahead of the face, which would be helpful in the detection of
cavities in advance. For purposes of illustration, Table 4 presents some
tunnelling projects which were implemented in karst areas, together
with the particular excavation methods.

11. CONCLUSION

Currently planned the Prague — Beroun tunnel exceeds all transport-
related tunnels constructed in the Czech Republic in terms of its para-
meters (i.e. construction method, construction period, length and cost).
Owing to its uniqueness, it poses a great challenge for the Czech tunnel
engineering, but at the same time, it offers an opportunity to raise this
industry in the Czech Republic during the next decade to the level which
will allow a participation in similar projects in Europe and worldwide.
Maximisation of the attention and efforts put into the project planning is
a condition for the anticipated expeditious commencement of the con-
struction. The course of the construction itself will correspond to the
extent and quality of planning processes and control over the execution
of the works. The know-how gained from similar European projects can
become valuable help in this process.

ING. MATOUS HILAR, MSc., PhD., CEng., MICE.,
hilar@d2-consult.cz, ING. MARTIN SRB; srb@d2-consult.cz;
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Bartédk, J ~Gramblicka, M —Ruzicka, J ~Smolik, J —Sochurek, J .—§0urek, P (2007): Podzemn{ stavitelstvi v Ceské republice. Satra Praha.
Bopp, R (2001): The distance of cross passages in twin bore railway tunnels. 4th International Conference on Safety in Road and Railway Tunnels,

Madrid, Spain.

Cizek, F. (2007): Aktudlni stav piipravy a realizace IIl. TZK. Zeleznice 2007.

Kohler, H. (2007): Wienerwaldtunnel-a challenging tunneling project. Proceedings of the WTC 2007 in Prague.

Kovari, K. —Descoeudras, F. (2001): Tunnelling Switzerland. Swiss Tunnelling Society. Bertelsmann Fachzeitschriften GmbH.

Krasa, D-Ruzicka, J ~Hasik, O. (2007): Prague-Beroun, New Railway Connection. Proceedings of the WTC 2007 in Prague.

Mira, ] —Ruzicka, J. (2006): Modernizace Zelezni¢ni traté Praha—Beroun.Tunel 1/2006.

Péttler, R.~Thum, F-Jobstl W. (2007): Driving of shallow tunnel in uncertain geological boundary conditions—a case history. Proceedings of the WTC

2007 in Prague.

SUDOP Praha a. s. (2007): Praha-Beroun, nové Zelezni¢ni spojeni. Piipravnd dokumentace.




17. rocnik - €. 2/2008

Tuel

PODCHOD REKY YANGTZE - NAROCNA RAZBA
VELKOPROFILOVYM TBM V CINE

YANGTZE RIVER CROSSING - CHALLENGING LARGE-PROFILE
TBM EXCAVATION IN CHINA

HARALD WAGNER

uvoD

Wauhan, hlavni mésto provincie Hubei na spodnim toku feky
Yangtze se 7,3 milionu obyvatel patii k nejvét§sim a nejvyznamnéj$im
méstim v Ciné. Wuhan je rozdélen na tfi dsti fekami Yangtze a Han.
Omezeny prechod pres feku Yangtze (dva mosty) blokuje vyznamné
dopravu a brani dal$imu ekonomickému rozvoji mésta. Proto se pred-
stavitelé méesta rozhodli postavit silni¢ni tunel pod fekou Yangtze
pfimo v centru mésta.

Silni¢n{ tunel s ndvrhovou rychlosti 50 km/h je umistén mezi
dvéma mosty pres feku Yangtze a propojuje komunikaci Hankou
Dazhi na severu s komunikaci Wuchan Yonyi na jihu. Bude se jednat
o hlavni komunikaci pfes feku Yangtze v tomto mésté. Tunel md cel-
kem 4 pruhy (2 v kazdém sméru), dvé tunelové trouby jsou spojeny
propojkami (obr. 1). Celkova délka tunelu je 3,630 km. Celkem
2,72 km je raZeno pomoci plnoprofilovych tunelovacich stroju TBM
praméru 11,38 m, zbytek tunelu je hloubeny. Na opa¢nych brezich
feky byly postaveny dvé Sachty, razby tunelu probihaly ze startovaci
Sachty na jihu do demontdzni Sachty na severu. Zivotnost tunelu je
100 let. Minimdlni polomér smérovy tunelu je 800 m, maximdln{
sklon tunelu je 4.4 %.

Razba ve slozitych geologickych podminkdch podloZzi feky
Yangtze, které zahrnuje mnozstvi vrstev horninovych, piscitych, pra-
chovitych &i $térkovitych sedimentt vetné vodniho tlaku az 6 baru,
zacala zaCdtkem roku 2006. Prvni TBM razba byla tispésné dokonce-
na prorazkou 19. ledna 2008. Prordzka druhého stroje probehla na
konci tinora 2008. Uvedeni tunelu do provozu je pldnovdno béhem
leto$niho roku.

Hlavnim dodavatelem stavby je sdruZeni China Railway Tunnel
Group JV (CRTG JV), které zahrnuje také spole¢nost D2 Consult jako
konzultanta razeb TBM. Dvé TBM byla vyrobena sdruzenim zahrnu-
jicim NFM z Lyonu ve Francii, Wirth z némeckého Erkelenzu
a Shenyang Steel Ltd z ¢inské provincie Liaoning.

2|

INTRODUCTION

Wauhan is the Capital of Hubei province and one of the largest and
most important cities in China with population over 7 million people.
Wauhan city is divided into three parts by Yangtze river and Han river.
The restricted passage across Yangtze (two bridges) blocks seriously
the traffic and impedes the economic development of Wuhan city. So
the Wuhan government has decided to build a road tunnel across
Yangtze river in the centre of the city.

The road tunnel with a design speed 50 kph is located between the two
Yangtze bridges, connecting Hankou Dazhi road in the north with
Wuchan Yonyi road in the south. It will be the main road passing
Yangtze river in the city. The tunnel has four lanes (two in each directi-
on), two tubes are connected with cross-passages (Fig.1). The total
length of the tunnel is 3,630 m. 2,720 m are bored with 11.38 m diame-
ter TBMs, the rest of the tunnel is constructed as cut and cover section.
Two shafts have been constructed on both river banks; driving direction
was from the starting shaft in the south to the arrival shaft in the north.
The tunnel was designed for the lifetime 100 years. Minimum radius of
tunnel curvature is 800 m, maximum slope of the tunnel is 4.4%.

Construction in the difficult geologic ground conditions of the
Yangtze River bed consisting of numerous layers of rocky, sandy, silty
and gravely river deposits and water pressures of up to 6 bars started
in early 2006. The first TBM drive has been successfully completed
with the breakthrough on 19 January 2008. Breakthrough of the
second TBM into the arrival shaft is expected at the end of February
2008. The final opening of both tunnels for the public is planned to
happen during this year.

General Contractor of the project is China Railway Tunnel Group
JV (CRTG JV) which includes company D2 Consult as TBM drives
consultant. The two TBM’s are manufactured by a JV consisting of
Shenyang Steel Ltd. from Liaoning Province in China, NFM from
Lyon in France and Wirth from Erkelenz in Germany.
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Obr. 1 Pri¢ny rez tunelem
Fig. 1 Tunnel cross-section
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Obr. 2 Podélny geologicky rez
Fig. 2 Longitudinal geological cross-section
GEOLOGICKE POMERY GEOLOGICAL CONDITIONS

Misto s minimdlnim nadloZim (okolo 9,5 m) je situovdno v km
4.356; maximalni nadlozi nad TBM razbou je 40 m (km 4493).
Na vétsiné délky je na povrchu volnd hladina feky Yangtze River
(obr. 2). Hloubka vody v fece se pohybuje od 3,76 do 22,96 m, vyska
hladiny je v 15 m n. m.

V podélném geologickém fezu je horni vrstva sloZena z neddvno
uloZenych neulehlych prachovitych piska a stfedné zrnitych piska
holocenniho vyvoje &tvrtohor. Stiedni vrstva je sloZena ze stfedné
ulehlych a7 ulehlych prachovitych piska holocenniho vyvoje &tvrto-
hor. Spodni vrstva je tvofena pelitickymi prachovci s vlozkami pis-
kovcu a bridlicemi z obdobf siluru.

Na severnim a jiZznim brehu je povrch lokdlné pokryt nezhutnény-
mi navdzkami a jezerni formaci kvartéru, horni vrstva je sloZena
z mékkych, plastickych, prachovitych aluvidlnich jili holocenniho
vyvoje kvartéru, stfedni vrstva je sloZena ze stfedné ulehlého az
ulehlého prachovitého pisku holocenniho vyvoje kvartéru, skalni
podloZi spodni vrstvy je tvoreno pelitickymi prachovci s vlozkami
piskovcu a bridlicemi silurského vyvoje.

Umélé navdzky nejsou ulehlé, coz znamend stabilitni problémy
béhem stavby hloubenych dseku tunelu a Sachet, proto adekvatni
zapazeni bylo nezbytné. Aluvidlni vrstva kvartéru je predev§im
v oblasti povrchu fi¢niho koryta a je sloZena z prachovitych pisku
nebo stfedné hrubych pisku v neulehlém stavu, které jsou také znac-
né nestabilni.

HYDROGEOLOGICKE POMERY

Podzemni voda v oblasti projektu zahrnuje tfi typy: vrchni stojatd
voda, neomezend voda a omezend voda. Vrchni stojatd voda se pre-
dev§im vyskytuje v umélych navdzkdch a v malém mnoZstvi
v soudrznych zemindch kvartéru. Neomezend voda se predevsim
vyskytuje ve vrstvé prachovitych piska a ve vrstvé stiedné hrubych
piskd pode dnem feky, tato voda je propojena s vodou v fece.
Omezend voda se predevsim nachazi ve vrstvé prachovitych piska
a ve vrstvé stredné ulehlych pisku na obou brezich. Z vysledku roz-
boru vzorku stojaté a neomezené vody nemd pritomnd voda erozni
ucinky na betonové konstrukce nebo na ocelovou vyztuz, nicméné
m4d lehce erozni ucinky na ocelové konstrukce.

Koeficient propustnosti prostiedi se obecné pohybuje mezi 2,6
a 37,9 m za den. S ohledem na Cerpaci zkousku ve velkoprofilové
Cerpaci studni v blizkosti Sachty Wuchan je obecnd velikost pro-
pustnosti masivu v jizn{ ¢4sti feky 26,72 m za den.

Reka Yangtze nad tunelem zasahuje vrchn{ ¢ast zvodné holocenni
vrstvy kvartéru. Proto existuje pfimé spojeni mezi vodou v fece
a podzemni vodou, droven hladiny podzemni vody se méni v z4vislosti
na trovni vody v fece Yangtze. Uroven vody zavisi na srazkach, hladi-
na stoupd po destich a klesa v obdobich sucha. Navic poté, co destové
srdzky vyrovnaji neomezenou vodu, tak ddle kompenzuji i omezenou
vodu, tudiZ i hladina omezené vody je ovlivnéna desti.

The point with the minimum overburden (about 9.50m) is loca-
ted at km 4.356, maximum overburden above TBM excavation is
40m (km 4.493). In the project area, the surface water is domi-
nated by the water in Yangtze River (Fig.2). The depth of water
in the river is from 3.76 to 22.96m (based on the river surface
elevation being 15m).

In the river crossing section, the upper stratum is composed of
the newly deposit loose silty sand and medium coarse sand in
the Holocene Series of Quaternary System, and the middle stra-
tum is composed of medium dense to dense silty sand in the
Holocene Series of Quaternary System, and the bedrock in
lower stratum is composed of pelitic siltstone intercalated with
sandstone, and shale of the Silurian System.

In north and south shores, the ground surface is covered with
loose artificial filled soil and lacustrine formation of Quaternary
System locally, the upper stratum is composed of the alluvial
soft, plastic silty clay in the Holocene Series of Quaternary
System, the middle stratum is composed of medium dense to
dense silty sand in the Holocene Series of Quaternary System,
and the bedrock in lower stratum is composed of pelitic siltsto-
ne intercalated with sandstone, and shale of the Silurian System.

The artificial filled layer is in loose state, which is unstable
during the construction of open-cut tunnel and shaft. Therefore
an appropriate support was necessary. Alluvial layer of the
Quaternary System is mainly distributed in the surface layer of
riverbed, composed of silty sand, or medium coarse sand local-
ly, in loose state, which is also significantly unstable.

HYDROGEOLOGICAL CONDITIONS

The groundwater in the project area includes three types:
upper backwater, unconfined water, and confined water. The
upper backwater mainly exists in the artificial fill and cohesive
soil layer of Quaternary System, in small quantity. The unconfi-
ned water mainly exists in the silty sand layer and medium coar-
se sand layer below riverbed, having close link with water in
river. The confined water mainly exists in silty sand layer and
medium coarse sand layer of both shores. According to the qua-
lity analysis of backwater and unconfined water taken from site,
the groundwater is not erosive to concrete structure or the rebar
inside concrete structure, but slightly erosive to steel structure.

Permeability coefficient generally varies between 2.6 and
37.9m per day. Based on the water pumping test in the large-
diameter pumping well in Wuchan shaft area, the comprehensi-
ve permeability coefficient of the confined water-bearing
ground in southern river section is 26.72m per day.
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Obr. 3 Bentonitové TBM poufité pro raZbu
Fig. 3 Slurry TBM used for excavation

PLNOPROFILOVE TUNELOVACI STROJE TBM

Dva bentonitové plnoprofilové tunelovaci stroje TBM spole¢nos-
ti NFM Technologies o priméru 11,38 m jsou pouZity pro vystavbu
(obr. 3). Délka stroju je 58 m, jejich védha je 1285 t, vykon je 4500
kW, kroutivy moment 17 745 kNm, maximdlni rychlost postupu je
4 cm za minutu, celkovy pfitlak je 120 000 kN. Plnoprofilova feznd
hlava md 8 ramen. RozruSovéani masivu je provadéno feznymi dldty,
feznymi disky a nastavitelnymi ndstroji pro dpravu velikosti vyrubu.
TBM jsou na elektricky pohon a s 8 motory maji nastavitelnou rych-
lost. Erektor ma 6 stupritl volnosti s rozsahem plus nebo minus 220°.
Za strojem TBM jsou 3 ndvésy. Nejvyssi vystup rubaniny je 1144 m?
za hodinu.

Stroje TBM jsou vybaveny zafizenim pro injektovdni a moni-
torovdni pro potfebu zlepSovani masivu bentonitem pro omezeni
piitokt vody. Sofistikovany monitorovaci systém byl vytvoren pro
uréeni polohy TBM, pro polohu uloZenych segmentu, pro zdvihan{
¢i seddni povrchu, pro stdvajici budovy na povrchu, pro podzemni
sit¢ a pro zménu polohy &i napjatosti masivu.

Provozni tlak TBM musel odpovidat hydrostatickému tlaku.
Nejvyssi tlak vody na Celbé, ktery musel byt zohlednén, byl tlak pri
maximdlni drovni hladiny vody v historii (vy$ka Wusong 29,73 m).

Osténi tunelu je tvofeno prefabrikovanymi Zelezobetonovymi seg-
menty s vnitinim prumérem 10 m a vnéj§im prumérem 11 m (obr. 4).
Mezera mezi segmenty a masivem je vyplnovdna cementovou mal-
tou pomoci synchronniho ¢&i sekundarniho injektovéani. Tloustka
Sroubovanych segmentl je 500 mm, jejich délka je 2 m, 9 segmentu
je tieba na jeden prstenec.

RAZBA POMOCI TBM

Horninovy masiv razeny pomoci TBM obsahuje ulehly prachovi-
ty pisek. Spodni ¢ést tvori kamenitd vrstva a velmi zvétralé pelitic-
ké prachovce s proplastky piskovce a bridlic. Lokdlné se ve spodni
Casti vyskytuje stfedné ulehly pisek, ulehly pisek a plastické pra-
chovité jily. Horninovy masiv v blizkosti Sachet je tvoren mékkymi
plastickymi jily a ulehlymi prachovci. VétSina horninového masivu
je tiidy raZnosti 1, kromé stfedné zvétralych pelitickych prachovcu
s vlozkami piskovcu a bridlic tfidy IV a velmi zvétralych pelitickych
prachovcu s vlozkami piskoveu a bridlic tiidy I1I.

V oblastech s nizkym nadloZim, kde byla mocnost nadloZi niZs{
néZz vnéjsi pramér TBM, bylo nadloZi prevdZné tvofeno neulehlymi
pis¢itymi zeminami. Proto musela byt pouZita efektivni opatfeni pro
zajiSténi bezpecné razby (pouzité tlaky, injektaZe, monitoring, atd.).

Horninovy masiv v oblasti tunelu byl prevdzné tvoren piscitymi
zeminami bohatymi na vodu. Jednalo se predev§im o omezenou
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The Yangtze River above the tunnel cuts the top plate of con-
fined pore water-bearing layer of Holocene of Quaternary
System. Therefore, there is close water link between river water
and groundwater, and the ground level changes along with the
water level in Yangtze River. The level of stored water and
unconfined water in upper part is controlled by rain. The water
level rises after rain, and descends in dry season. Additionally,
after the rain compensates the unconfined water, it further flows
to compensate the confined water, thus the confined water level
is also influenced by the rain.

TUNNEL BORING MACHINES

Two slurry TBM’s of company NFM Technologies with the
11.38 m diameters are used for the construction (Fig.3). Their
length is 58m, weight is 1,285t, installed power is 4,500 kW,
maximal torque is 17,745 kNm, maximal speed of advance is
4 cm per minute, total thrust is 120,000 kN. Full face cutter
head has 8 arms. Ground cutting is provided by drag bits, disc
cutters, and variable overcuts. TBM’s are electrically powered,
they have a variable speed with 8 motors. Erector has six degre-
es of freedom with range plus or minus 220°. There are three
back-up gantries behind the machine. The maximum outlet flow
of slurry is 1,144 m? per hour.

TBM’s are equipped with grouting equipment and monitoring
equipment for the purpose of treating the ground with slurry to
stop water. A sophisticated monitoring system was established
to monitor the stance of TBM, segment installation position,
ground heave or settlement, existing building on ground,
underground pipeline, change of ground displacement and
stress.

The operation pressure of TBM had to match with water pres-
sure. The maximum water pressure at excavation face had to be
considered to be the pressure under maximum flood water level
in the history (Wusong elevation 29.73m).

The tunnels are lined with one pass pre-cast reinforced conc-
rete segments with internal diameter 10m and external diameter
11m (Fig.4). The gap between segments and ground is filled by
cement grout by synchronous grouting or secondary grouting.
Thickness of bolted segments is 500mm, their length is 2 m,
9 segments are required for one ring.

I-—». '4
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Obr. 4 Instalace segmenti v horni dsti osténi
Fig. 4 Segment assembling in the roof area




Obr. 5 Pohled do Sachty z dokonceného tunelu
Fig. 5 View to shaft from the completed tunnel

vodu s vysokym vodnim spddem, pfipadné o neomezenou vodu
s vysokym vodnim spaddem pod fekou. Vzhledem k vysokému tlaku
vody byly olekdvany ndhlé pritoky vody ¢i pisku béhem TBM
razby, které mohly zpUsobit vyznamnéjsi kolapsy. Vysoky hydrosta-
ticky tlak vyzadoval vysokou spolehlivost TBM a vodonepro-
pustnost tunelového osténi. Analyza musela byt provedena pro pro-
zkoumdni moZnosti vymény feznych néstroju pod fekou. Zejména
bylo prozkoumadno, jaké problémy se béhem vymény feznych
néstroju mohou objevit.

Vrstva obldzka byla zastiZena ve spodni &dsti profilu tunelu.
Prestoze oblazky nejsou velké a vrstva nenf prili§ mocnd, musela byt
tato skute¢nost zohlednéna pro nastaveni profilu vyrubu a pro seda-
ni povrchu zpusobeného vlivem této vrstvy na prdci fezné hlavy.
Spodni ¢ast tunelu v km 3,588—4,250 zastihla vrstvu ulehlych obldz-
ki a stfedné az velmi zvétralych pelitickych prachoveu s vlozkami
piskovci a bidlic. Celba tunelu byla nehomogenni s proménnou tvr-
dosti masivu, proto musel byt fesen problém odklonu TBM smérem
vzhiru vzhledem k nerovnomérné sile pusobici na feznou hlavu.

Byl také pozadovan monitoring teoreticky nebezpe&nych plynu.
Z4dny nebezpedny plyn viak béhem razby nebyl zastiZen.

Prumérnd rychlost razby byla 8-10 m za den, maximdlni dosaZe-
né postupy byly 18 m za den. Pod vedenim sdruzeni CTRG JV byly
veskeré problémy béhem razeb zvlddnuty na nejvySsi technické
drovni. Projekt byl po celou dobu v souladu s ¢asovym harmono-
gramem.

ZAVER

Po dlouhé dobé omezeného vyvoje dopravni infrastruktury v Ciné
zacal novy vyvoj v 80. a 90. letech 20. stoleti s vyznamnou podpo-
rou mezindrodnich financi z World Bank, Asian Development Bank
a z dalSich finan¢nich instituci. Vzhledem ke stdle narastajici eko-
nomické sile domécich zdroju je v dne$ni dobé stdle vice projekt
financovéno z ¢inskych méstskych, provinénich a ndrodnich rozpo-
&td. V soutasnosti Cina predstavuje nejvétsi a vyznamné rostouct
tuneldrsky trh na svéte. Priklady, jako jsou systémy metra v Beijingu
a v Sanghaji se stovkami km postavenych béhem nékolika let
a desitky kilometru délnic a Zeleznic dokoncenych kazdy rok, jsou
velmi dobfe zndmy tuneldiské komuniteé. Konvenéni tunelovani
podobné jako razby pomoci maloprofilovych TBM v pramérnych
geologickych podminkéch jiZz byly zvladnuty ¢inskymi spolecnost-
mi a experty. Unikétni tuneldfské vyzvy v Ciné, jako napt. podchod
feky Yangtze ve Wuhanu, vSak jesté stale budou v pristich letech
potiebovat $pickové technologie a odborné znalosti od svétového
tuneldfského pramyslu.

HARALD WAGNER, Ph.D., PE., office@d2consult.cu,
D2 CONSULT ZT GmbH
Recenzoval: Ing. Otakar Hasik
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TBM EXCAVATION

The ground passed by TBM’s mainly includes dense silty
sand. The lower part is pebble layer and strongly weathered
pelitic siltstone intercalated with sandstone and shale. There are
locally medium-dense sand, dense sand and plastic silty clay.
The ground near shafts is soft-plastic silty clay, dense silt. The
excavation-ability most ground is class I, except that of medium
weathered pelitic siltstone intercalated with sandstone and shale
being class IV, and that of strongly weathered pelitic siltstone
intercalated with sandstone and shale being class III.

In the areas with small overburden, whose thickness was less
than the outer diameter of TBM, the overburden was mainly
composed of loose sandy soil. Therefore effective measures had
to be taken to ensure safe TBM tunnelling (applied pressure,
grouting, monitoring, etc.).

The ground passed by tunnel was dominated by sandy soil
bearing rich water, whose groundwater features confined water
with high water head in both shores, or unconfined water with
high water head under the river. Since the pressure of water was
high, sudden water inflow or sand flow were expected during
TBM tunnelling, which could cause large area collapse.
Therefore the high water pressure required high reliability of
TBM, and watertightness of the tunnel lining. An analysis had
to be provided in regard to the feasibility of changing cutters
under the river. In particular it was elaborated what problems
might occur in the context of the cutter change

Pebble layer was encountered at the lower part of excavation
face. Though the pebble is not so large in size, and the layer is
not thick, the overcut and ground settlement caused by the dis-
turbance of cutterhead to the pebble layer during tunnelling was
taken into account. The tunnel lower part in section of km 3.588
—4.250 did cut into dense pebble, and strongly or medium weat-
hered pelitic siltstone intercalated with sandstone and shale.
The tunnel face was inhomogeneous with various ground hard-
ness, therefore the danger of TBM deviation upward due to une-
ven force acting on the cutterhead had to be sorted out.

It was required to monitor the potential harmful gas. No
harmful gas was discovered during the tunnelling.

The average progress rate was 8 - 10 m per day whereas peak
progress rates have been achieved 18 m per day. Under the
strong leadership of the CTRG JV Project Headquarters, no pro-
blems have been encountered without being mastered on the
highest technical performance in construction. The project has
been always on time and schedule.

CONCLUSION

Over long time underdeveloped traffic infrastructure in China
started its new development in 80th and 90th years of 20th cen-
tury with high portion of international financing by the World
Bank, Asian Development Bank and other financial institutions.
With increasing economic power of domestic sources, more tun-
nelling projects are financed from Chinese municipal, provinci-
al and national budgets nowadays. Today, China represents big-
gest and rapidly growing, tunnelling market in the world.
Examples of Beijing and Shanghai Metro systems with hund-
reds of km constructed within several years and tens of km of
highway and railway tunnels finished each year are well known
to international tunnelling community. Conventional tunnelling
as well as smaller diameter TBM tunnelling in moderate condi-
tions has been already mastered by Chinese companies and
experts. Unique tunnelling project challenges in China, as e.g.
Wuhan Yangtze Crossing, however, would still need high-tech
technologies and expertise from international tunnelling indust-
ry in years to come.

HARALD WAGNER, Ph.D., PE., office@d2consult.eu,
D2 CONSULT ZT GmbH
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SOKP 514, TUNEL LOCHKOV
NOVY MODEL ZADAVACICH PODMINEK PRO VYSTAVBU TUNELU
A ZKUSENOSTI Z PROVADENI PRUZKUMNE STOLY PRO RAZBY
PLNYCH PROFILU

THE LOCHKOV TUNNEL, SOKP 514
A NEW MODEL OF TENDER CONDITIONS FOR TUNNELLING
PROJECTS; EXPERIENCE OF THE DRIVING OF AN EXPLORATION
GALLERY FOR EXCAVATION OF FULL-FACE TUNNEL

MARTIN SRB

uvoD

Priklady z tuneldfsky vyspélych zemi ukazuji, Ze pro Uspesné
a efektivni realizace tunelovych projekta je nutné splnit fadu podmi-
nek. Nékteré jsou ovlivnény prirodnimi faktory (napr. geologie, hyd-
rologie, morfologie terénu) a dals{ faktory umelymi/lidskymi (zastavé-
nost povrchu, vyuziti krajiny, predpisy, kapacity a kompetence jedno-
tlivych subjektu, spoleCenské vlivy, organizace a fizeni projektu, tra-
dice a ceny). Zatimco faktory pfirodni jsou v méfitku doby pfipravy
a vystavby v podstaté stdlé, faktory umélé se prubézné méni.
Optimdlni{ feSeni pfipravy a nasledné realizace konkrétniho dila proto
musi vychdzet ze snahy zohlednit stdvajici stav konkrétniho projektu
a prihlédnout k moznému vyvoji.

Vystavba tunell v &dstedné zastavéném tizemi Lochkova a Radotina

VVVVV

N

tunelu Lochkov na stavbé silni¢niho okruhu kolem Prahy (SOKP 514)
byly vyuZity dosavadni zkuSenosti zadavatele a projektanta s pripravou
a provadénim nékolika délni¢nich tunelt v CR (Valik, Panenskd,
Libouchec) a zdroven zkuSenosti konzultanta s pfipravou a provadénim
tuneld v ruznych evropskych i mimoevropskych zemich. Snaha
o zohlednéni konkrétnich podminek projektu, drovné oboru
a respektovani predpisovych podkladd zdvaznych pro zaddni stavby
a jeji realizaci vedly mj. k vypracovéni zaddvaci dokumentace vcetné
zvlaStnich technickych a kvalitativnich podminek (ZTKP), které zjed-
nodusily a zprehlednily zadénf a realizaci stavby.
Investorem/zadavatelem projektu je RSD CR, zdvod Praha, zhoto-
vitelem prazkumné $toly Metrostav a. s., zhotovitelem tunelt v rdmci
Sdruzeni 514 firma Hochtief a. s., projektantem dokumentace pro sta-
vebni povoleni a zaddni stavby DSP a DZS Metroprojekt Praha a. s.,
technickym poradcem investora pro tunelové ¢dsti stavby firma D2
Consult Prague s. r. 0., kterd také provadéla supervizi razby pruzkum-
né Stoly. Geotechnicky monitoring (GTM) béhem realizace (véetné
Stoly) provadi sdruzeni firem SG-Geotechnika a. s./SUDOP Praha a. s.

PRIPRAVA TUNELOVYCH OBJEKTU STAVBY SOKP 514,
REALIZACE PRUZKUMNE STOLY

Dokumentace pro dzemni rozhodnuti (DUR) byla vypracovavana
v letech 1998-1999 a schviélena v roce 2004. Béhem jejiho zpracova-
véni a projedndvani se vyskytly navrhy tprav vyskového a smérového
vedeni trasy tunelu (zkrdceni trasy, prodlouZeni a sniZeni nivelety
tuneltt). Po vypracovéni srovnévaci studie EIA bylo zachovéno pavod-
ni feSeni. Tunely v DUR jsou navrZeny jako dvé tunelové trouby kon-
venéné razené pomoci NRTM, dvoupruhova — klesajici a tifpruhova —
stoupajici o délce raZenych tseki cca 1260 m.

Jiz v dobé zpracovavéni DUR se uvazovalo o razbé pruzkumné $toly
v celé délce kaloty tifpruhového tunelu, kterd byla ndsledné realizova-
na v roce 2004. Hlavni duvody pro provedeni Stoly byly nésledujici:

e prohloubeni znalosti o vlastnostech horninového masivu,

e zlepSeni podminek budouci razby,

o fixovdni trasy,

e predstihové vybudovani nékterych &ésti zarizeni staveniSté, pri-

stupové trasy, sité, pozemky.

INTRODUCTION

Examples from countries with developed tunnelling industries show that
there are many conditions which must be met to be able to successfully and
effectively implement tunnelling projects. Some of the conditions are affec-
ted by natural factors (e.g. geology, hydrology, terrain morphology) and other
by artificial/human factors (built-up areas, exploitation of the landscape,
regulations, capacity and competence of involved subjects, societal influen-
ces, project organisation and control, traditions etc.). While the natural fac-
tors are essentially invariable on the scale of the duration of the planning and
subsequent construction period, the artificial factors continuously vary. The
optimum solution of the planning and subsequent construction of a particular
project must be based on an effort to take into consideration specific conditi-
ons of the project and allow for the possible development.

The construction of tunnels in the partly built-up areas of Lochkov and
Radotin is accompanied, apart from engineering problems, even with pro-
blems associated with the impacts of the construction on the surroundings
and the population living within the reach of those impacts. During prepara-
tion of the Lochkov tunnels in Prague (construction lot SOKP 514), the expe-
rience which had been gained by the client and designer in the planning and
construction of several motorway tunnels in the Czech Republic (the Valik,
Panenskd and Libouchec tunnels) and, at the same time, the experience lear-
ned by the engineering consultant in the planning and construction of tunne-
Is in Europe and worldwide was used. The effort to allow for the conditions
of the particular project, considering the practices of the tunnelling industry
and applicable regulations resulted in the development of the ZTKP (basic
technical specifications) and tender documents, which made the tender pro-
cess and consequent construction simpler and more transparent.

The owner/client is the Prague office of the Directorate of Roads and
Motorways of the Czech Republic; the contractor for the gallery is Metrostav
a.s.; the contractor for the tunnels is Hochtief a.s. as a part of the group of
companies Sdruzeni 514; the designer for the DSP (final design) and the DZS
(tender conditions) is Metroprojekt Praha a.s.; the engineering consultant to
the client for tunnels is D2 Consult Prague s.r.o., which, in addition, provided
the supervision over the excavation of the exploration gallery; geotechnical
monitoring (GTM) during the excavation (including the gallery excavation)
is carried out by a group of companies consisting of SG Geotechnika and
SUDOP Praha a.s.

THE PLANNING OF THE TUNNEL STRUCTURES FORMING THE
CONSTRUCTION LOT SOKP 514; EXECUTION OF THE EXPLORATI-
ON GALLERY

The DUR (design documentation for issuance of zoning and planning
decision) was carried out in 1998 — 1999 and it was finally approved in 2004.
Proposals for changes in the vertical and horizontal alignment of the tunnels
(reduction in the route length, extension of tunnel length and modification of
the alignment) were submitted during the work on the design documentation.
Although, when the EIA had been finished, the original design remained
unchanged. According to the DUR, the tunnels are designed as two tunnel
tubes to be driven using the traditional NATM (about 1260m long mined sec-
tions); double-lane configuration was designed for the descending tube and

three-lane for the ascending tube.
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Obr. 1 Geotechnické vyhodnoceni razby pruzkumné Stoly (Mgr. J. Zmitko, D2 Consult, 2005)
Fig. 1 Geotechnical assessment of the excavation of the exploratory gallery (Mgr. J.Zmitko, D2 Consult, 2005)

Predstihové provadéni pruzkumnych Stol ma také své nevyhody, pre-
devsim zvyseni celkovych investi¢nich nakladu, piipadné i prodlouzen{
doby vystavby. Na konkrétnim piipadu projektu tunelt Lochkov, podle
naseho nédzoru, pfevézily vyhody pfijatého postupu. Kromé jiz zminé-
nych davodu pfinesla razba pruzkumné $toly dal§i vyznamné vyhody:

o zkusSenost zadavatele s problémy spojenymi s razbou (menstho

rozsahu, ale ve stejné lokalité),

o upresnéni o¢ekdvanych vliva razby plnych profilt tunelt na okoli,

e vybudovéni systému sledovani vliva stavby na obyvatele

a zdstavbu, styk s obyvateli, informacni toky, feSenf sporu,

e predstihové provedeni nékterych kompenzaci a ndhradnich opat-

feni (vodovod).

Kromé predem ocekdvanych vlivi (poklesy, vibrace od trhacich
praci, doprava) se projevil vyznamné vliv drénovdni masivu razbou
Stoly v rozsahu vyrazné prevysujicim predpoklady. Jako dusledek sni-
Zeni hladiny podzemni vody (HPV) bylo zaji§téno provizorni zdsobo-
vani vodou nékolika trvale obydlenych objektu, které uzivaly vodu ze
studni, a ddle bylo vybudovano stdlé zdsobovani vodou oblasti, kterd
byla postiZena poklesem HPV pod droven dna studni. Tim byl vyfeSen
dusledek trvalého ovlivnéni HPV v oblasti jesté pred zahdjenim raZzeb
plnych profild. Dalsi vyznamnéjsi pokles se neofekdval a ani béhem
zatim provedenych razeb (stav 4/2008) nenastal.

The excavation of an exploration gallery throughout the length of
the top heading of the future three-lane tunnel was under considerati-
on as early as during the work on the DUR. The gallery was driven in
2004. The main reasons for the execution of the exploration gallery
were as follows:

e to increase knowledge of rock mass properties

e to improve conditions for the future excavation

e to fix the alignment

e to build some parts of the site facility, access roads, utilities and

areas in advance

There are even disadvantages associated with the execution of
exploration galleries in advance of the tunnel excavation, e.g. the inc-
rease in the total investment cost or, possibly, extension of the con-
struction time. Regarding the particular case of the Lochkov tunnel,
in our opinion, the advantages of the adopted procedure prevailed.
Apart from the above-mentioned reasons, the excavation of the explo-
ration gallery yielded other significant benefits:

e client’s experience of the problems associated with the excavation

(smaller in terms of the extent, but performed in the same location)

e adjustment of the knowledge of the expected impact of the full-

face tunnel excavation impact on the surroundings
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ZADAVACI DOKUMENTACE TUNELOVYCH STAVEB (DZS)

Pozadavky

Zadévaci dokumentace méla ve vztahu k provddéni razeb splnit
nésledujici, pfedem definované poZzadavky:

e zohlednit zkuSenosti z razby Stoly,

e vytvorit podminky pro vyuZiti flexibility NRTM,

o zjednodusit a zprehlednit polozky vykazu vymér,

jasné a srozumitelné definovat podminky provadéni raZeb vcetné
zpusobu jejich hodnocenf, ocenovani a dhrady.

Casovy prekryv zpracovdvani DZS a provadéni prizkumné Stoly
v roce 2004 neumoznil Gplné zapracovani vyhodnoceni razby Stoly do
DZS. To bylo provedeno az po dokonceni razby Stoly zpracovatelem
GTM a zdroven technickou supervizi razby Stoly (obr. 1). Tato vyhod-
noceni jsou k dispozici zhotoviteli tunelt. Ostatni pozadavky byly do
DZS zapracovany a spole¢né s kvalitné provadénym geomonitorignem
prispely k vétsimu vyuziti flexibility a efektivity NRTM ve srovnani
s dfive realizovanymi ddlni¢nimi tunely.

Vzhledem k dosavadni zkuSenosti s organizaci provadéni tunelo-
vych staveb v CR bylo snahou vytvofit zjednodusené, ale jednoznag-
né podminky, které ddvaji zhotoviteli pomérné velké moznosti vlastni
volby zpusobu provddéni a omezi pripadné spory pii provadéni, vyka-
zovéni/dokladovéni, ocenovéni a fakturaci.

.11".55

e development of a system covering the monitoring over the effects
of the construction on the population and buildings, public relati-
ons, information flows, settlement of disputes

e compensations and implementation of some compensatory measu-
res in advance of the tunnel excavation

Apart from the anticipated impacts (settlement, blasting induced

vibrations, traffic), the effect of the rock mass drainage due to the gal-
lery excavation proved to be significant, higher than expected. In res-
ponse, temporary water supplies were provided for several permanent-
ly occupied buildings which used water from wells and permanent
water supplies were secured for the area which was affected by the
lowering of the water table under the level of wells. Owing to these
measures, the consequence of the permanent effect on the water table
in the area was solved even before the commencement of the full-face
excavation. Other significant lowering of the water table was not
expected and it has not happened during the tunnel excavation which
has been completed till now (the state as of April 2008).

TENDER DOCUMENTS AND CONDITIONS FOR TUNNELLING
PROJECTS (DZS)

Requirements
The tender conditions regarding the tunnel excavation were to meet

the following pre-defined requirements:
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Stavba: 514_na metr - 514_Razene objekty na metr / Construction lot: 514_per metre - 514_Mined structures per metre
¢islo a nazev SO: SO 601 - RAZENY DVOUPRUHOVY TUNEL / Structure number and name: SO 601 — MINED DOUBLE-LANE TUNNEL

Por. Kod Nazev polozky / Item name

Mérna jednotka Pocet jednotek

¢. pol. polozky Measurement Number
Item. No. Item code unit of units
1 2 3 4 5
ZEMNI PRACE / EARTHWORK
1 014101 POPLATKY ZA SKLADKU / STOCKPILE CHARGES m’
2 144399 RAZENI TUNELU TT3 V HORNINE SUCHE | MOKRE UPADNE I DOVRCHNE
VC PREMISTENI RUBANINY V PODZEMI A ODVEDEN] VODY,
pomoci strelnych praci nebo jinych rozpojovacich metod m’
TUNNEL EXCAVATION THROUGH TT3 EXCAVATION SUPPORT CLASS, BOTH DRY
AND WET GROUND, DOWNHILL AND UPHILL INCL. UNDERGROUND MUCK TRANSPORTATION
AND DRAINAGE, by blasting or other disintegration techniques
3 161201  PREMISTENI RUBANINY NA POVRCHU VC PRELOZENI A ULOZEN{ m?
MUCK TRANSPORTATION ON THE SURFACE INCL. RELOADING AND DISPOSAL
4 161711 NAKLADANI RUBANINY Z TECHNOLOGICKEHO NADVYLOMU VC PREMISTENI V PODZEMI m®
LOADING OF MUCK FROM TECHNOLOGICAL OVERBREAK INCL. UNDERGROUND TRANSPORTATION
ZEMNI PRACE / EARTHWORK
ZAKLADANI / FOUNDATIONS
5 286213 KOTVY HYDR UPINANE V PODZ DL DO 3M UNOS DO 150KN KUS / PIECE
VC VRTANI V HOR SUCHE I MOKRE
ANCHORS EXPANDED BY PRESSURISED WATER, UNDERGROUND, UP TO 3M, LOADING
CAPACITY UP TO 150KN INCL. DRILLING IN BOTH DRY AND WET GROUND
6 286223 KOTVY HYDR UPINANE V PODZ DL DO 4M UNOS DO 150KN KUS / PIECE

VC VRTANI V HOR SUCHE I MOKRE”

ANCHORS EXPANDED BY PRESSURISED WATER, UNDERGROUND, UP TO 4M,
LOADING CAPACITY UP TO 150KN INCL. DRILLING IN BOTH DRY AND WET GROUND

Obr. 2 Nové definované poloZky razby a zajisteni v OTSKP
Fig. 2 Newly defined items for excavation and support in the Industrial
Classification of Engineering Structures and Works on Roads

NOVE AGREGOVANE POLOZKY VYKAZU VYMER

DZS pouzivd polozek oborového tiidniku stavebnich konstrukei
a praci (OTSKP) pro sestaveni vykazi vymér pro tunelové objekty. Tento
tiidnik umozZnuje tGpravu stdvajicich a vytvoreni novych poloZek. Protoze
neexistuje vhodny specializovany ,,tfidnik* pro tunelové stavby, byl pou-
zit OTSKP a v souladu s jeho pravidly byly vytvoreny nové polozky,
které odpovidaly potiebiam zpusobu zadani. Jednalo se predevsim
o agregaci logickych dodavek a praci do jedné polozky.

Jako priklady je moZné uvést:

RAZBA (. pol 144%99)

V soupisu praci DZS je poloZzka razby v dané technologické tiid¢ vyru-
bu (TTV) uréena bez zohlednéni sméru razby (ipadné, dovrchné), zpu-
sobu rozpojovani (trhaci prace, bagr, fréza), skutetné délky zdbéru
(v mezich TTV), bez priplatku za pritoky vody, ¢i zvodnéni masivu, bez
rozdéleni na razbu kaloty, jadra ¢i dna. Nakldddni a doprava rubaniny
v hofe jsou zahrnuty v cené razby stejné jako odvodnéni, osvétleni, vét-
rani a pod. MnoZstvi rubaniny se uvazuje z teoretického profilu zvetse-
ného radidlné o velikost tzv. technologického nadvyrubu, jednotné stano-
veného na 25 cm, neuvazuje se nakypreni.

ZAJISTENI VYRUBU

Stifkany beton (SB) (€. pol. 3629*4), je uvazovan podle tloustky, kva-
lity betonu, véetné vyztuZe svarovanou siti, v teoretickém mnoZstvi
podle TTV, bez vlivu prostredi (sucho/mokro).

Kotvy (svorniky) jsou uvazZovany podle specifikovaného typu (SN,
PG, IBO, HUS), napf. ty¢ova kotva SN (€. pol. 2866%6) je definovéana
tnosnosti a délkou a v cené 1 ks jsou obsazeny vSechny dodévky
a ¢innosti nutné k zajisténi pozadované funkce. Tj. samotnd kotva v&.
podkladni desky, matky a podlozky, ddle provedeni vrtu, osazeni
a zainjektovdni kotvy, aktivovdni a doprava. Odpadaji také mozné pii-
platky za vrtdni v mokru, primér vrtu, tfidu vrtatelnosti a dalgi.

Tento piistup byl umoznén pomérné vysokym stupném poznéni pro-
blematiky stavby a horninového prostfedi a podrobnou dokumentaci
raZeb pruzkumné Stoly v&etné provadénych zkousek. Béhem razby pra-
zkumné $toly se provadél i vyrub tzv. ,,vyhyben®, které mély tvar budou-
cf kaloty tiipruhového tunelu a bylo moZno sledovat chovani masivu pri
razbé budouciho profilu. To také umoznilo s dostatecnou jistotou urcit
geotechnické podminky budouci razby (ocekdvané chovani, deformace,
pritoky vody).

Obdobny zpusob byl rovnéZ pouzit u nékterych polozek zaddni GTM
(geotechnického monitoringu), napr. pfi méfeni deformaci primarniho
osténi v tunelu (tzv. konvergenci) se agreguji vSechny polozky do dvou
(doddvka a osazeni meti¢ského bodu a poctu méfeni). Kromé toho je ¢in-
nost odménovana pausdlné za asovou jednotku (napf. mesic) pfi defino-
vani celkového poctu méfi¢skych profild a max. poftu méfeni béhem

o to allow for the experience gained during the excavation of the gal-

lery

e to create conditions under which the flexibility of the NATM is

exploited

o to simplify and make more transparent the items of the bill of

quantities

o to define in a clear and understandable manner the conditions for

the excavation, including the method of the excavation assessment,
costing and payment

The overlap between the development of the DZS and the excavati-
on of the exploration gallery in 2004 did not allow the designer to com-
pletely incorporate the assessment of the gallery excavation into the
DZS. It was incorporated subsequently, when the excavation of the gal-
lery had been completed, by the provider of the GTM services and, at
the same time, through the engineering supervision over the excavation
of the gallery (see Fig. 1). These assessments are available to the tun-
nelling contractor. The other requirements were incorporated into the
DZS and, together with the high-quality geomonitoring, contributed to
the more extensive use of the flexibility and effectiveness of the
NATM, compared to the previously built motorway tunnels.

Because of the practice in the organisation of tunnel construction
works in the Czech Republic which has been used so far, the objective
of the efforts was to develop simplified, but unambiguous conditions,
which would give the contractor relatively great opportunity to choose
by itself the work procedures and could diminish potential disputes
regarding the execution, recording/documenting, pricing and invoicing
of the work.

OTSKP (INDUSTRIAL CLASSIFICATION OF ENGINEERING
STRUCTURES AND WORKS) ITEMS

The DZS uses OTSKP items for the creation of bills of quantities for
tunnel structures. The classification system makes the modification of
the existing items and creation of new items possible. Because no sui-
table specialised classification items exist for tunnel structures, the
OTSKP items were used and new items, which satisfied the needs of
tendering for tunnelling, were created, in compliance with the
OTSKP creation rules. The main issue was the aggregation of logical
supplies and works into one item.

As an example, we can present:

EXCAVATION (item number 144*99)

The item for the excavation through a particular excavation support
class (ESC), contained in the bill of quantities which is part of the DZS,
is determined without respect to the direction of excavation (downhill or
uphill), the ground disintegration method (drill and blast, excavator or
roadheader), actual excavation advance length (within the limits deter-
mined by the ESC), without extra charges for water seepage or wetness
of the rock mass, without the division into the top heading, bench or
invert excavation. The loading and transport of muck underground, as
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celého provadéni GTM. Pii spravné aplikaci je vysledkem flexibilngjsi well as drainage, lighting, ventilation etc. are included in the cost of
a efektivnéjsi provadéni GTM. excavation. The quantity of muck is derived from the theoretical exca-

vated cross section, which is increased in the radial direction to reach the
ZTKP kapitola 24 (zvl4$tni technické kvalitativni podminky so-called “payline” (a unified margin of 25cm); the bulking is not taken

into consideration.

EXCAVATION SUPPORT

SC (shotcrete) (item number 3629%4) is determined according to the
thickness, concrete quality/grade (including steel mesh), in the theore-
tical quantity according to support class, without the influence of the
environment (dry/wet).

Anchors (rock bolts) are determined according to the type prescribed
by the specification (SN, PG, IBO, SWELLEX).

e.g. rod-type SN-anchor (item number 2866*6) is defined by the
capacity and length; the price of one piece comprises all supplies and
works necessary for proper functioning of the anchor, i.e. the anchor
itself, face plate, nut and washer, the drilling, insertion and grouting of
the anchor, activation and transport. Extra charges for drilling in wet
conditions, borehole diameter, drillability class and others are excluded.

This approach was made possible owing to the relatively high degree

staveb pozemnich komunikaci

ZTKP-K24 doplnuji TKP staveb pozemnich komunikaci kapitolu
24-Tunely a Oborovy tfidnik stavebnich konstrukci a praci staveb
pozemnich komunikaci. Spole¢né s TKP urcuji technické pozadavky na
zplisob provadéni jednotlivych praci. Casteéné odpovidaji v zahrani&i
pouzivanym ,specifikacim = Specifications“, & ,,smérnicim =
Richtlinie.

ZTKP vychdzely z potreb efektivntho provadéni razeb observaéni
metodou (NRTM) v soucasnych podminkéch projektu raZenych tunelu
SOKP 514 a zohlednily principy pouZité projektantem, napf. na stavbeé
prazského metra, a zahrani¢ni zkuSenosti.

Pro tcely ocenéni a dhrady (a predchézejici nabidky) byly vytvoreny
agregované polozky praci za razeni 1 m tunelu v jednotlivych technolo-
gickych tiiddch. Tato agregovand polozka se skladd z jednotlivych oce-
nénych poloZek razby a navrzenych prostiedka zajisténi. ProtoZe v kazdé

TTV je délka zdbéru v danych mezich od—do (napt. TT5 0.8 do 1.2 m), of knowledge about the prol?lems of the c0n§truction and rock environ-
a proto i skutené mnoZstvi prac a prostiedki zajisténi vyrubu na b&Zny ment, arid thanks to t}ie detziiled documentatign of the excavation of the
metr je rizné, byla stanovena hodnota +20 % nabidkové ceny. Skupinové exploration gallery, including the tests which were conducted. The
(agregovand) cena za 1 m razby tunelu bude upravovana podle skute¢né excavation of the exploration gallery comprised, in addition, the exca-
provedenych praci, aZ pokud prekro&i cena skute¢né pouZitych prostred- vation of the so-called “passing bays”. The shape of the passing bays
kil zajisténi vyrubu £20 %. Zajisténim vyrubu se rozumi SB se siti, pri- was identical with the shape of the top heading of the future three-lane
hradové oblouky, radidlni kotvy a jehly. Timto opatienim se vyrazné tunnel, therefore it was possible to monitor the behaviour of the rock
zjednodusi ocenovani a thrady praci a zdroven se prispéje k vetsf prak- mass during the excavation of the future tunnel profile. This method
tické vyuzitelnosti flexibility NRTM a efektivité provadéni. allowed the designer to determine the parameters of the conditions for
Pro tihradu nakladi na nezavinény/technologicky nadvyrub, jeho odté- the future excavation (the anticipated behaviour, deformations, water
7eni a zaplnéni SB je urcen prostor o velikosti 25 cm radidlné nad teore- ingress) with a sufficient degree of certainty.
tickym vyrubem. V t€chto 25 cm jsou zahrnuty i radidlni deformace do A similar approach was applied to some items of the tender conditi-
vyrubu (tzv. konvergence), které byly v DZS stanoveny na max. 5 cm. ons for the geotechnical monitoring (GTM); for example, at the mea-
Odvoz rubaniny a zaplnéni tohoto prostoru SB jsou hrazeny pausélné surement of deformations of the primary lining in the tunnel (the so-cal-
a kompenzujf zhotovitele za vykony, které musi v ur¢itém rozsahu pro- led convergences), all items are aggregated into two items (the supply
vést z technologickych divodu vzdy. Prostor mezi 25 cm a 50 cm radidl- and installation of a measuring point and the number of measurements).
né nad teoretickym vyrubem (tj. odvoz rubaniny a zaplnéni SB) nenf hra- In addition, this activity is paid for at a fixed price for a time unit (e.g.
zen nikdy. Nezavinény, geologicky podminény nadvyrub je hrazen az za a month), where the number of measurement stations and maximum
hranici 50 ¢m od teoretického lice vyrubu, pokud je vetsf nez 1 m? number of measurements during the whole GTM contract is defined.
v kazdém jednotlivém pripadé. The proper application of this system results in more flexible and effec-
Prakticky zpusob aplikace popsanych principu zadén{ je ndsledujict: tive execution of the GTM.

o zadavatel/zdstupci zadavatele urCuji kritéria bezpecnosti provadént,
tj. na zdkladé vyhodnoceni GTM a razeb ur¢i max. doporucenou

délku zdbéru a vyrubu, pripadné dalsf opatiens (jehly, kotvy, elbo. | Ch@Pter 24 of Special Specifications for Road Structures

vy klin, zdstiik, nebo pripustné meze min./max.), Chapter 24 of the Special Specifications for Road Structures suppie—
e zhotovitel ma volnost v uréeni zplisobu provadéni, ktery ovliviiuje ments the Specifications for Road Structures and the Industrial
efektivitu/ndkladovost provadéni, tj. zptisob rozpojovéni, piesnost Classification of Engineering Structures and Works on Roads, Chapter
geometrie vyrubu (nadvySeni profilu), délka zdbéru v dangch 24 - "i"umiels. Together with the Qeneral SPGC.lfIC.at.lOIlS, the Special
mezich, dprava prvkii zajisténi stability vyrubu, Specifications define technical requirements for individual work proce-
o zadavatel/zdstupci zadavatele neméii skute¢ny tvar kazdého zdbéru dures for specific project. They partially correspond to foreign
a neuhrazuji zhotoviteli skute¢né objemy (zpusobené napi. nesetr- Specifications or “Richtlinie” (guideline).
nym rozpojovanim nebo délkou zabéru), sleduji pouze, zda nedoslo The Special Specifications were based on the needs for effective
k prekro¢eni smluvn{ hranice. excavation using an observational method (the NATM) in the current
Prakticky efekt popsanych principli zaddni je nasledujici: conditions of the project of mined tunnels in construction lot 514 and
Tento zpusob zaddni motivuje zhotovitele k optimalizaci provddéni incorporated the principles which had been applied by the designer, for
razeb. Zhotovitel je motivovan zaddavacimi podminkami k citlivému roz- example, to the Prague metro construction and experience of internati-
pojovani, které omezuje poruseni horninového masivu v okoli vyrubu onal projects.
LEGENDA: LEGEND:
1 — teoreticky vyrub 1 - theoretical excavation
2 — prakticky (skutecny) vyrub 2 — practical (actual) excavation
3 — hranice technologického nadvyrubu 3 — payline (specified)
e = (stanovend) 4 — the line beyond which the volume of
- 4 — hranice, od které se urcuje objem unavoidable/geological overbreak may
nezavinéného/geologického nadvy- be compensated for)
rubu (stanovend) A — area of the paid for technological
A - plocha pausdlné hrazeného techno- overbreak (construction tolerance
4 C] A logického nadvyrubu (stavebni tole- + deformation)
: o= [ | B rance + deformace) B — area of unpaid for overbreak
’ — B — plocha nehrazeného nadvyrubu C — area of unavoidable/geological
______ 4 r |l c C — plocha nezavinénéhol/geologického overbreak — the volume paid for when
nadvyrubu—objem hrazeny po potvr- approved by client’s representative
zeni zdstupcem zadavatele

Obr. 3 Technologicky nadvyrub, hrazeny a nehrazeny, geologicky nadvyrub hrazeny
Fig. 3 Unavoidable/technological overbreak - paid for and unpaid for; geological overbreak — paid for
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Obr. 4 Zavislost ndakladi na délce zdbéru a geotechnickych podminkdch
Fig. 4 Dependence of costs (expenditures) on the excavation round length
and geotechnical conditions

a k provadéni presného tvaru vyrubu (nékdy i na dkor délky zdbéru &i
rychlosti postupu). Zhotovitel si v mezich danych TTV muZe optimali-
zovat razbu (napr. zkrétit zaber, zpfesnit vyrub a zmensit spotiebu SB)
podle svych potieb a moZnosti, nebot’ dhrada je pausalni.

ZKUSENOSTI Z PROVADENI TUNELU LOCHKOV

Razba tunelu Lochkov byla zahdjena 4. 12. 2006 ve dvoupruhovém,
1270 m dlouhém tunelu tpadni razbou z lochkovského portalu. Prordzka
kaloty do radotinského portélu se ocekdvala do konce dubna 2008. Razba
tifpruhového, 1300 m dlouhého, tunelu byla zahdjena 14. 2. 2007 a razba
kaloty byla ukonc¢ena prordzkou na radotinském portile 7. 12. 2007.

Nové zavedeny model zaddvacich podminek prispél k pomérné hlad-
kému a rychlému prubéhu razeb, motivoval zhotovitele k opatrnému pro-
védéni raZeb a omezil nutnost nékterych kontrolnich ¢innosti zadavatele
(napf. 3D scanovéni vyrubu vyraZenych zdbéru). Organizace kontroly
a fizen{ stavby zadavatelem jsou provddény prostiednictvim GTM, tech-
nického dozoru stavby (TDS) a technické pomoci pro razby (TP).
Rozhodovdni o upresiiovani provadéni razeb bylo provadéno kolektivné
za pritomnosti vySe uvedenych zdstupcu zadavatele a zhotovitele, ktefi
potvrzovali formuldr daltho postupu. Vzhledem k faktu, Ze vétsina sub-
jekta (na strané zadavatele) se Gcastnila razby prazkumné Stoly a méla
tedy nadstandardni mistni geotechnické znalosti a vybudované vzdjemné
vztahy, probihal cely rozhodovaci proces velmi kompetentné a vécné.
Pomér predpoklddaného (DZS) a skuteného rozloZeni technologickych
tfid vyrubu po razbé kaloty je na obr. 5.

700 +
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400 1

3007

2007

100

Razba v jednotlivych TTV (m)

= projekt
m skute¢nost

5¢ 5b 5a 4 3
technologické tfidy

Obr. 5 Predpoklddané a skuteéné rozloZeni technologickych trid v tripruho-
vém tunelu

Fig. 5 Anticipated and actually encountered proportions of excavation
support classes in the three-lane tunnel
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Aggregate work items for the excavation of 1m of the tunnel for indi-
vidual excavation support classes were created for the purpose of pri-
cing and payment (and for the purposes of the bidding, which had pre-
ceded). An aggregate item comprises prices of individual excavation
operations and support measures required by the specification. Because
the excavation advance length, specified for each particular excavation
class, varies within specified limits (e.g. 0.8 — 1.2m for class 5), which
means that the actual quantity of work and means of excavation support
per linear meter vary, the value was determined with a +20% margin.
The aggregate price per Im of the tunnel excavation will be adjusted
only when the cost of the actually used means of excavation support
differs by more than +20%. The excavation support is understood to
consist of shotcrete, mesh, lattice girders, radial anchors and dowels.
The above measure will significantly simplify the process of pricing of
and payment for works and, at the same time, will contribute to higher
degree of utility of the flexibility of the NATM and effectiveness of the
works execution.

The costs incurred due to unavoidable/technological overbreaks,
removal of muck and backfilling of the voids with shotcrete are com-
pensated within the 25cm margin between the theoretical excavation
line and the “payline”. Radial deformations to the excavated space
(convergences), for which the DZS specified a maximum value of Scm,
are also allowed for in this margin. The removal of muck and filling of
the overbreak with shotcrete is paid for by a lump sum, which com-
pensates for contractor’s work which has to be always carried out to
a certain extent, for technological reasons. The removal of muck from
the annulus between the payline (25cm margin) and a line defining
a 50cm margin, and filling of the overbreak with shotcrete are never
paid for. An unavoidable, geologically conditioned overbreak is com-
pensated for in the extent which exceeds the 50cm margin line only if
it is larger than 1m?3 in each individual case.

The practical procedure for the application of the above-mentioned
principles is as follows:

The client/client’s representatives specify safety criteria for the ope-
rations, i.e. they specify the maximum recommended length of the
round and excavation advance length, possibly even other measures
(spiling, anchors, a support core, face shotcrete sealing or maxi-
mum/minimum permitted limits);

o the contractor is free to determine the work procedure items which
affect the efficiency/costs of the work, i.e. the method of ground
disintegration, precision of the excavation geometry (overcutting),
the excavation advance length (within the given limits), modifica-
tion of the support;

e the client/client’s representatives do not measure the real shape
after each excavation advance and do not pay the contractor for
actual volumes (deviating due to inconsiderate disintegration of
the ground or the length of the excavation advance)

The above-mentioned principles have the following practical effect:

This system of tender conditions motivates the contractor to optimi-
se the excavation operations. The contractor is motivated through the
tender conditions to careful disintegration/excavation, which reduces
the disturbance to the rock mass in the surroundings of the excavation,
and to keeping precisely the design contour of the excavation (someti-
mes even at the expense of the excavation advance length or the advan-
ce rate). The contractor is allowed to optimise the excavation processes
(e.g. to reduce the excavation advance length, increase precision of the
excavated profile and to reduce the consumption of shotcrete), within
the limits given by the respective excavation support class, as it needs
and is able; the payment is in the form of a lump sum.

EXPERIENCE GAINED DURING THE LOCHKOV TUNNEL
EXCAVATION

The excavation of the Lochkov tunnel commenced on 4.12.2006,
starting at the Radotin portal of the 1270m long, double-lane tunnel
tube, on a down gradient; the top heading breakthrough is expected by
the end of April 2008. The excavation of the 1300m long, three-lane
tunnel tube started on 14.2.2007 and the top heading broke through the
Radotin portal on 7.12.2007.

The newly introduced model of tender conditions contributed to
the relatively smooth and quick progress of the excavation, motivated
the contractor to carry out the excavation carefully and diminished the
necessity for some of the client’s inspection activities (the scanning of
completed excavation after each advance).
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Obr. 6 Vliv uzavieni spodni klenby na deformace; typicky prubéh deformaci
v oblasti zhorSenych geotechnickych vlastnosti masivu

Fig. 6 The effect of the closing of the profile by an invert on deformations;
a typical deformation curve in an area of worsened geotechnical properties of
the rock mass

Pruzkumni §tola v tfipruhovém tunelu (se stropni &ésti ponechdva-
nou jako podélny nosnik nad stfedem kaloty a s délenou &elbou kalo-
ty) prispela ke stabilit¢ vyrubu predev§im v mistné zastiZzenych zhor-
Senych geotechnickych podminkdch. Z hlediska provozniho umoznila
efektivni vétrani a vytvorila nezvykle dobré pracovni prostiedi na
Celbé. Svym drendznim d¢inkem omezila vliv vody na stabilitu vyru-
bu na minimum a oba tunely jsou po razbach v podstaté suché,
s lokdlnimi prisaky.

V prubéhu piipravy a realizace razeb do§lo k nékolika tpravam
azméndam vzhledem k DZS a zaddvacim podminkdm. Tyto zmény nepre-
kro€ily standardni tpravy razby provadéné NRTM. Byla zavedena
TTV35c (zajisténi spodni klenbou v kaloté) a pouZita u lochkovského por-
tdlu v obou troubédch v délce nékolika desitek metrt, ddle v délce cca
15 m ped vyhybnou &. 1 prizkumné Stoly (kde byly pri razbé Stoly zasti-
Zeny zhorSené podminky razby a velké progresivni deformace). Uzavreni
profilu spodni klenbou bylo déle provedeno v 25 m dseku dvoupruhové-
ho tunelu v oblasti potencidlné ovliviujici seddni na povrchu v oblasti
zastavby. S vyjimkou dvou poruchovych zén neprekrocily deformace
osténi 5 cm, tj. hodnotu predpoklddanou v DZS. V téchto z6énéch byla
potvrzena duleZitost uzavirdni profilu spodni klenbou pro omezen{ defor-
maci a stabilizaci masivu.

Dulezitym aspektem raZeb byla omezeni pii razbach pod zastavbou,
kterd byla v prub&hu stavby upravovédna i nad rdmec predpoklddanych
opatieni. Negativni vliv stavby na zdstavbu a obyvatele byl maximdlné
omezen diky intenzivni spoluprdci zadavatele a zhotovitele, a prubéZnd
velmi podrobnd informovanost vefejnosti v ovlivnéné oblasti prispéla
k prijatelnosti stavby pro vétSinu obyvatel. Pripadné ndroky majitelt
nemovitosti v ovlivnéné oblasti budou feSeny po dokonceni tunelt. Jiz
dnes je ale mozné konstatovat, Ze vlivem razeb nedoslo k Zadnym static-
ky a funkéné relevantnim poskozenim.

ZAVER

Novy model zaddvacich podminek pro vystavbu tuneld Lochkov na
stavbé SOKP 514 se pri vlastnim provddéni osveédcil. Predstihové prove-
deni pruzkumné Stoly umoZnilo pomérné presné stanovit o¢ekdvané pod-
minky razeb a zapracovat je do zaddvaci dokumentace tak, aby se zjed-
nodusilo provddéni v&. fizeni, kontroly a thrad provedenych praci.
PrestoZe kazdy tunelovy projekt predstavuje specificky problém, ke kte-
rému je zapotiebi pfistupovat individudlné, nékteré principy pouZité pri
zaddni a realizaci tunelu Lochkov je moZné pouZit i na vétsiné budoucich
tunelovych projekti v CR.

ING. MARTIN SRB, srb@d2-consult.cz, D2 CONSULT PRAGUE s. r. o.
Recenzoval: Ing. Libor Marik
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The organisation of the client’s inspection and control is through the
GTM, the Supervising Engineer and the Technical assistance for excava-
tion. Decisions on the adjustment of the excavation procedures were
made collectively, in the presence of the above-mentioned representati-
ves of the client and contractor, who signed a form for the further proce-
dure. Considering the fact that the majority of subjects (on the client’s
side) had participated in the excavation of the exploration gallery and
had, therefore, not only above-standard knowledge about the local geo-
technical conditions but also well developed mutual relationships, the
entire decision-making process was very competent, pragmatic and smo-
oth. The proportion of the anticipated (in the DZS) and actually encoun-
tered excavation support classes in the top heading is shown in Fig. 5.

The exploratory gallery along the three-lane tunnel (with its roof left
in the crown unbroken to act as a longitudinal beam over the centre of
the top heading and with the top heading face divided into sequences)
contributed to the stability of the excavation, above all in the locations
where locally worsened geotechnical conditions were encountered.
From the operational point of view, the gallery made effective ventila-
tion possible and created an unusually good working environment at the
face. Owing to its drainage effect, the influence of water on the exca-
vation stability was reduced to a minimum and both tunnel tubes are
now, when the excavation is finished, essentially dry, only with local
seepages.

Several modifications and changes with respect to the DZS and ten-
der conditions were carried out during the planning stage and the con-
struction. The changes did not exceed the standard scope of deviations
occurring in the process of the NATM excavation. The excavation sup-
port class S¢ which was added (the support by means of an invert in the
top heading) was applied to several tens of meters of the excavation at
the Lochkov portals of both tunnel tubes, and to about 15m of the exca-
vation before the passing bay No. 1 in the exploration gallery (worse-
ned excavation conditions and large deformations during the excavati-
on of the gallery). The closure of the profile by an invert was further
performed along a 25m long section of the double-lane tunnel, in an
area where surface buildings were potentially threatened by surface
settlement. Excepting two weakness zones, deformations of the lining
did not exceed Scm, which is the value which had been anticipated by
the DZS. The importance of the closing of the profile by an invert for
the reduction of deformations and stabilisation of the rock mass was
confirmed in those zones.

An important aspect of the excavation was the array of restrictions
applied to the excavation under existing buildings, which were adjusted
even beyond the scope of the anticipated measures. The negative impact
of the construction on the buildings and residents was maximally redu-
ced owing to the intense collaboration between the client and contractor;
the fact that the residents of the area affected by the excavation were
continually kept well informed contributed to the acceptability of the
construction for the majority of the population. Contingent claims laid
by landowners in the affected area will be settled after the completion of
the tunnels; nevertheless, we can already today state that neither struc-
turally nor functionally relevant damage was caused by the excavation.

CONCLUSION

The new model of tender conditions for the construction of the
Lochkov tunnels in construction lot 514 proved during the construction
phase well. Owing to the exploratory gallery, which was driven in
advance, the anticipated excavation conditions could be determined
relatively exactly and could be introduced into the tender documents;
thus the execution of the works, including the control, checking and
payments for the completed works were simplified. Even though every
tunnelling project represents a specific problem which must be approa-
ched individually, some of the principles which were applied to the pre-
paration of tender conditions and the construction of the Lochkov tun-
nel are applicable even to most of the future tunnelling projects in the
Czech Republic.

ING. MARTIN SRB, srb@d2-consult.cz, D2 CONSULT PRAGUE s.r. o.

[1]J. Zmitko, M. Srb, E. Stehlik, K. Klima, T. Svoboda: Geotechnické vyhodnoceni r%iby Stoly SOKP 514-2005.
[2] Oborovy tidnik stavebnich konstrukei a praci staveb pozemnich komunikaci-MDCR 2003




TuouHel 17. rocnik - €. 2/2008

TUNEL KARPATY - NAJDLHSI DIALNICNY TUNEL NA SLOVENSKU
KARPATY TUNNEL - THE LONGEST MOTORWAY TUNNEL IN SLOVAKIA

MARTIN BAKOS

uvoD

Podla I1I. paneurdpskej konferencie v Helsinkdch tvoria nosnd siet’projektu
TEN na Slovensku tieto tahy:

Koridor ¢. IV: Berlin-Praha—Bratislava-Budapest-Istanbul v trase dialhice

D2
Koridor &. Va: Terst-Bratislava—Zilina—KoSice-Uzhorod-Lvov v trase dia-
Inice D1

Koridor ¢. VI: Gdansk—Katovice-Skalité—Zilina v trase dialnice D3

Potom, ¢o sa Slovenskd republika 1. méja roku 2004 stala sicastou
Eurépskej tnie, rastie perspektiva rozvoja spoluprdce v rdmci stredo-
eurdpského euroregionu, kde kooperuji oblasti Viedne a Dolného
Rakiiska, madarské Zupy Gyor, Mosson a Sopron, Juhomoravsky kraj
a zo slovenskej strany predovSetkym kraje Bratislavsky a Trnavsky.
Vyznam dopravy v takto sa integrujiicom svete neustdle rastie, a preto bude
nutné vybudovat prepojenia tychto koridorov mimo zastavané tizemia miest
tak, aby tranzitnd doprava bola vedend v rdmci moznosti mimo ich centier. Pre
Bratislavu, ktorej cestnd siet’' nadriadenych komunikdcif bola dosial’ budovana
s ohladom na nepriechodnost’ masivu Malych Karpdt juznym obchvatom
mesta, tj. ponad vodny tok Dunaja, by navrhovand trasa pod masivom
Malych Karpdt znamenala podstatné odlahcenie cestnej siete vo vnitornom
obvode mesta, predovsetkym na dialnici D1 v prietahu mestom a skratenie
ciest v smere sever—vychod.

Dialnica D4, ktorej sticastou md byt'aj tunel Karpaty, zatina na juhu na hra-
ni¢nom prechode SR/Rakiisko Jarovce—Kittsee, kde nadvizuje na rakusku dia-
Ihicu A8. Podla rozhodnutia Ministerstva dopravy, post a telekomunikécii SR
bude dalej vedend v trase ,,nultého okruhu okolo Bratislavy, tj. vjchodnym
obchvatom hlavného mesta. V predmetnom tseku medzi Ivankou pri Dunaji
a Stupavou tvori spojnicu jestvujicej dialhice D1 s dialhicou D2. Je vedend
v severovychodnom kvadrante tohto buddceho dialhi¢ného okruhu okolo
Bratislavy, ktory prevedie tranzitni dopravu mimo zastavani oblast’ centra
hlavného mesta SR. Navrhnutd trasa budicej dialnice D4 prechddza
z rovinatého tizemia Podunajskej niZiny na juhu cez hreben Malych Karpét do
Zahorskej niZiny na severe zaujmového tizemia. V nadvézujtcich dsekoch nie
je moZné menit smerové vedenie trasy, o ovplyviiuje jej invariantné rieSenie

INTRODUCTION

According to the 3rd Pan-European Transport Conference in Helsinki, the
crucial projects of the TEN structure in Slovakia consists of the following
routes:

Corridor No. IV: Berlin — Prague — Bratislava — Budapest — Istanbul on the

D2 motorway route

Corridor No. Va: Trieste — Bratislava — Zilina — Kosice — Uzgorod — Lvov

on the D1 motorway route

Corridor No. VI: Gdansk — Katowice — Skalité — Zilina on the D3 motorway

route

After 1st May 2004, when the Slovak Republic became part of the European
Union, the prospect for the development of the cooperation grows, within the
framework of the Central European region comprising the regions of Vienna
and Lower Austria, the Hungarian counties of Gyor, Mosson and Sopron, the
South Moravian region and, from the Slovakian side, above all the regions of
Bratislava and Trnava. The importance of transport in the world which is beco-
ming integrated in this way steadily grows; it is therefore necessary to develop
connections between these corridors outside built-up urban areas so that tran-
sit traffic bypasses urban centres as much as possible. As far as Bratislava is
concerned, where the network of superior primary roads has been built till now
with respect to the fact that the Small Carpathians massif was impassable, the-
refore the southern bypass route crossing the Danube was followed, the newly
designed route under the Small Carpathians massif would mean substantial
decongestion of traffic within the road network in inner areas of the city, above
all on the D1 motorway passing through the city, and reduction in the length
of roads in the north — east direction.

The D1 motorway, on which the Karpaty (the Carpathians) tunnel is to be
built, starts in the south, at the Jarovce — Kittsee crossing of the Slovak —
Austrian border, where it links the A8 Austrian motorway. As decided by the
Ministry of transport, posts and telecommunications of the Slovak Republic,
it will continue along the route of the so-called “Zero Ring Road” around
Bratislava, i.e. the eastern bypass road around the capital city. Within the
section in question, between Ivanka pri Dunaji and Stupava, it provides
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Obr. 1 Prehladnd situdcia (Geofos, s. r. 0.)
Fig. 1 General layout (Geofos, s.r.o0.)
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Tab. 1 Prehladnd tabulka tunelovych iisekov
Table 1 Synoptical table of tunnel sections

Tunel Karpaty / Karpaty tunnel
oznacenie / marking 2-1
tunelova riira / tunnel tube

hibend &ast'/ cut and cover part

juh (m) / south (m) 49

sever (m) / north (m) 47

celkom / total (m) 96
razend Cast’/ mined part (m) 7972
celkové dizka rdr / total length of tubes (m) 8068
vyska nadloZia / overburden height (m) 210,5
pozdiiny sklon / longitudinal gradient (%) 1

zakruzovaci polomer / vertical curve radius  (m) 100 000
smerovy polomer R1 / directional curve radius R1 (m) 1750
R2/R2 (m) 20000

na zaciatku a konci dseku. Z tohto predpokladu vyplyva aj pomerne tizky pri-
echodny koridor cez hlavny hreben Malych Karpit, ktory sa nachddza medzi
mestskou Castou Raca a Svitym Jurom na juhu a Zahorskou Bystricou,
Mariankou, Borinkou a Stupavou na severe (obr. 1). Na konci tseku je vede-
nie trasy viac menej invariantne dané stupriom rozpracovanej projektovej
dokumentacie nadvizujticeho tseku. Preto hlavny priestor variantného riesenia
sa nachddzal v tunelovom tseku pod Karpatmi a v rieSeni nadvizujtcich pred-
portdlovych Casti.

Uzemie stavby je Giastoéne zastavané predovietkym zéstavbou primestského
charakteru, u ktorej je mozno ocakdvat’ vyrazné rozvojové tendencie. Zna¢na
Cast’ izemia je zalesnend. Tento priestor zaberd chranend krajinnd oblast Malé
Karpaty, ktord sldZi okrem ochrany prirody predovSetkym ako rekrealné zéze-
mie hlavného mesta. Dalej sa izemie na juznych svahoch Karpdt intenzivne vyu-
ziva k polnohospoddrskym ucelom, predovSetkym ako plochy vinic.
V uvedenom priestore sa nachddzaji mimo iného tiez hlavné koridory existuji-
cich inzinierskych sietf, a to predovSetkym energetické vedenia 400 kV a 110 kV,
vysokotlaké plynovody a vodovodné privadzace. Vsetky tieto okrajové podmi-
enky muselo zohladnit’ Zdruzenie Bratislava-Stupava, tvorené spolo¢nostami
HBH projekt spol. s r. 0. a Amberg Engineering Slovakia, s. r. 0., ktoré vyhralo
v sithzi na vypracovanie technickej Stidie Dialnice D4 Bratislava (D1, krizo-
vatka Ivanka pri Dunaji-sever)-Stupava (cesta I/2).

ZAKLADNE UDAJE O TUNELI

Nakolko trasa dialhice D4 prechddza tizemim so zloZitou geomorfologickou
skladbou a ¢lenitost'terénu neumoZiiuje viest'trasu iba po povrchu, je nutné riesit’
vedenie trasy pod Malymi Karpatmi v tuneli, resp. v tuneloch. Prvoradym cielom
rieSenia tunelovych Casti stavby bol optimdlny ndvrh smerového a vyskového
vedenia trasy, konStrukcie ostenia, hydroizoldcie, vetrania, ako aj dalgieho tech-
nologického vybavenia z hladiska bezpecnosti a riadenia prevadzky.

V rdmci spracovania technickej Stiidie sa navrhlo viacero alternativ trds tune-
la Karpaty (obr. 2), pri¢om tlohou projektantov bolo v jednom z variant mini-
malizovat'dlZku tunela. Nakoniec sa vybrali a porovnali varianty 2 a 3 (tab. 1):

tunel Karpaty 2-I v rdmci variantu 2 je sti¢astou dialhice D4 v stani¢eni km
6,213-km 14,275 66, tj. v dlzke pravej riry 8058 m a lavej riry 8068 m,

tunel Karpaty 3-I v rdmci variantu 3 je sti¢astou dialhice D4 v stani¢eni km
8,178 88—km 11,719 35 pravej riry, km 11,754 67 lavej riry, tj. v dlzke pravej
rary 354047 m a lavej rdry 3575,789 m,

variant 2 / variant

Tava / left

Tuel

variant 3 / variant 3
31 310

prava / right Tlava / left prava / right Tava/left prava/ right
48 75 40 89 50

48 40 40 43,1 83,1
96 115 80 132,1 1331
7962 3460.5 3465 1709,9 17283
8058 35755 3545 1842 18614
202,5 154 150 88,5 89,5

1 2-3

45 000 40 000

1750 2793.75 -3000 -3050 -3500
25000 12000 -1000 -10000 -3000

a connection between the existing D1 motorway with the D2 motorway. It pas-
ses through the north-eastern quadrant of the future motorway ring around
Bratislava, which will divert transit traffic outside the built-up area of the cent-
re of the Slovak capital. The proposed route of the future motorway D4 runs
from the flat landscape of the Danube Lowland in the south across the Small
Carpathians ridge to the Zahorska Lowland in the north of the area of operati-
ons. It is impossible to change the horizontal alignment of the road in the sub-
sequent sections. This fact influences the route design at the beginning and the
end of the section, making it invariable. It follows from this condition that only
a relatively narrow corridor for the passage across the main ridge of the Small
Carpathians remains; it is found between the Raca and Svity Jura districts in the
south and the municipalities of Zahorskd Bystrica, Marianka, Borinka and
Stupava in the north (see Fig. 1). At the end of the section, the alignment of the
road is more or less invariant, depending on the degree of the design for the sub-
sequent section which is under preparation. For that reason, the main space for
the variant design was found in a tunnel section under the Carpathians and in
the solution to the connecting pre-portal sections.

The construction area is partly built up. The development has mainly
a suburban character, which means that it has a great development potential.
Significant part of the area is covered with trees. This space is taken by the
Small Carpathians Nature Reserve, which serves not only for the protection of
landscape but also as recreational background for the capital. In addition, the
area on the southern slopes of the Carpathians is used for farming purposes,
above all as vineyards. There are also main corridors of existing utility net-
works in the above-mentioned area, above all 400kV and 110kV power lines,
high-pressure gas pipelines and water pipelines. All of those boundary condi-
tions had to be allowed for by the ZdruZenie Bratislava — Stupava group of
companies consisting of HBH projekt spol. s r.o. and Amberg Engineering
Slovakia, s.r.0., which won the tender for an engineering study for the D4
motorway section between Bratislava (D1, the Ivanka pri Dunaji intersection
—north) and Stupava (the 1/2 road).

BASIC DATA ON THE TUNNEL

Since the D4 motorway route passes across an area with a ifficult geomorp-
hological structure where the rugged topography does not allow the route to
run only on the surface, it is necessary to solve the passage under the Small

- 3 P

Obr. 2 Varianty trds tunela Karpaty (HBH projekt spol. s r. 0.)
Fig. 2 Variants of the Karpaty tunnel routes (HBH projekt spol. s r.o.)
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Obr. 3 InZiniersko-geologicky pozdl}fny profil (Geofos, s.r. 0.)

1) fluvidlne, proluvidlne a deluvidlne sedimenty, 2) bridlice, 3) neogénne
horniny, 4) granity aZ granodiority, 5) bridlice a vdpence, 6) laminované
metapility, 7) metafylity, 8) litologické hranice, 9) alpinske mylonity,
10) presunové linie, 11) strizno-ndsuvné linie, 12) zony tektonického poruse-
nia, 13) pramene (vyvery vod v tuneli)

Fig. 3 Engineering geological longitudinal section (Geofos, s.r.o.)

1) fluvial, proluvial and diluvial sediments, 2) shale, 3) Neogene rocks,
4) granite to granodiorite, 5) shale and limestone, 6) laminated metaphilite,
7) metaphyllit, 8) lithological borders, 9) Alpine mylonite, 10) thrust fault
line, 11) overthrust line, 12) tectonic faulting zones, 13) springs

tunel Karpaty 3-II v rdmci variantu 3 je stcastou dialnice D4 v staniceni
km 14,318 25-km 16,174 52 pravej rdry, km 14,278 00—km 16,134 82 lavej
riry, tj. v dlzke pravej riry 1861,35 m a lavej riry 1842,04 m.

Tunel, resp. tunely pod Malymi Karpatmi budu tvorené dvomi samostatny-
mi paralelnymi tunelovymi rirami pre jednosmerntd dopravu. Zdkladné para-
metre priechodného prierezu tunela:

o Sirka vozovky v tuneli medzi obrubnikmi je 8 m (tj. dva jazdné pruhy),
vratane odraznych prizkov 2 x 0,25 m (kategéria 2 T = 8 podla revizie
STN 73 7507 Projektovanie cestnych tunelov),

o svetld Sirka tunela je 10 m,

o Sirka obojstrannych niidzovych chodnikov je 2 x 1 m,

o prejazdnd vySka dopravného priestoru tunela je 4.8 + 0,10 =490 m,

e vyska priechodného priestoru nad nidzovymi chodnikmi je 2,20 m.

GEOLOGICKE A HYDROGEOLOGICKE POMERY

InZiniersko-geologickd Stidiu rizik pri vstupe do horninového prostredia
vypracoval GEOFOS, s. 1. 0., Zilina. Podla zdverov tejto IG $tidie sii pre navrh
trasy, vratane tunelovych tsekov, charakteristické tieto IG a HG zavery (obr. 3):

Tunel 2-1

Vyichodny portdl —horninovy masiv je budovany muskoviticko-biotitickymi
granitmi aZ granodioritmi s vyskytom stredno- aZ hrubozmnych pegmatitov
s predpokladanou hlbkou zény zvetrania do 2-8 m. Svah je stabilny, ale cely
blok vybezku Suchej hory reprezentuje rozvolnend zénu v okrajovej Casti
upatia Malych Karpat v zénach poklesovej, gravitacnej tektoniky, v systéme
zlomov viazanych na Z aZ SZ okraj Podunajskej niZiny, resp. JV tpitie Malych
Karpit. Z toho vyplyva nestabilita steny portdlu z ddvodu moZnosti uvoliova-
nia velkych blokov po plochdch so sklonom po svahu, rozvoliovanie na
extrémne velké bloky vyzadujice si dodatocné rozbijanie, v dosledku ¢oho
bude potrebné kotvenie blokov.

Zdpadny portdl — nachddza sa v pravostrannych svahoch dielCej depresie
Slepy jarok®, severne od Marianky. V tpiti si interpretované odkryvy borin-
skych bridlic s nadlozim neogénneho stvrstvia so zastipenim vrstiev Strkov, pies-
kov, pieskovcov, konglomeratov s prevahou granitoidného charakteru. Depresiu
medzi ,,Slepym jarkom* a Mariankou vyplniajd proluvidlne sedimenty prevazne
charakteru hlinitych Strkov, pieskov, tlomkov hornin a s podradnym vyskytom
blokov. V masive depresie medzi ,,Slepym jarkom™ a Mariankou je interpretova-
ny priebeh priecnej SZ-JV zlomovej zény, ktord prebieha naprie¢ pohorim
Malych Karpét. Na tipiti nie si mapované vyraznejsie vyvery podzemnych vod.

Tunel 3-1

Predportdlovd oblast' a vychodny portdl — v smere udolia predpoklad smer-
nej, SZ-JV poruchovej zény so sklonom k JZ, v ktorej je zaerodovany povr-
chovy tok. V oblasti portdlu predpoklad dielCej priecnej SV-JV poruchovej
z6ny so sklonom k JV. V celej dlzke v zéne deldvif nestabilita zdrezu v pite
strmého svahu. Intenzivne uvoliiovanie ilomkov a blokov granitoidnych hor-
nin v zéne zvetranych granitoidov a v systéme SZ-JV puklinovych systémov
viazanych na poruchovi zénu v ddoli. V zéne zvetranych granitoidov predpo-
klad sezonnych pritokov podzemnej vody malych vydatnosti.

Carpathians by means of a tunnel or tunnels. The primary objective of the
design was to optimise the tunnelled parts of the horizontal and vertical align-
ment of the route, the tunnel lining, waterproofing, ventilation and other tun-
nel equipment in terms of traffic safety and traffic control.

Several alternatives of the Karpaty tunnel route were prepared within the
framework of the engineering study (see Fig. 2), where the designers* task was
to minimise the tunnel length in one of the variants. Eventually, variants 2 and
3 were chosen (see Table 1):

Karpaty tunnel 2-I within the framework of variant 2 is part of the D4
motorway at chainage km 6.213 —km 14.275 66, i.e. with the right tube length
of 8058.00 m and left tube length of 8068.00 m,

Karpaty tunnel 3-I within the framework of variant 3 is part of the D4
motorway at chainage km 8.178 88 — km 11.719 35 and km 11.754 67 of the
right tube and left tube, respectively, i.e. at the length of the right and left tubes
of 3540.47 m and 3575.789 m, respectively,

Karpaty tunnel 3-II within the framework of variant 3 is part of the D4
motorway at chainage km14.318 25 — km 16.174 52 and km 14.278 00 — km
16.134 82 of the right tube and left tube, respectively, i.e. at the length of the
right and left tubes of 1861.35 m and 1842.04 m, respectively.

The tunnel or tunnels under the Small Carpathians will consist of two paral-
lel tunnel tubes carrying unidirectional traffic. The basic parameters of the tun-
nel clearance profile are as follows:

o the kerb-to-kerb width of the roadway in the tunnel is 8.0m (i.e. two traf-
fic lanes), including marginal strips 2 x 0.25 m (category 2 T = 8.0 accor-
ding to revised standard STN 73 7507 Design of road tunnels),

o the clear tunnel width is 10.0 m,

o the width of emergency walkways (on both sides of the tunnel) is 2 x 1.0 m,

o the clearance height within the road space in the tunnel is 4.8 + 0.10 =4.90 m,

o the clearance height above emergency walkways is 2.20 m.

GEOLOGICAL AND HYDROLOGICAL CONDITIONS

The engineering geological risk analysis was carried out when the tunnel
excavation commenced and the rock environment was entered by GEO-
FOS s.r.0., Zilina. According to conclusions of the EG analysis, the following
EG and HG conclusions are characteristic for the design of the route including
the mined sections (see Fig. 3):

Tunnel 2-1

Eastern portal — the rock massif consists of muscovite-biotite granites to
granodiorites, with occurrences of medium-grained to coarsely-grained peg-
matites, with the anticipated depth of the weathering zone of 2 — 8m. The slope
is stable, but the whole block of the spur of Suchd Mountain represents
a loosened zone at the edge of the Small Carpathians, within the zones of
down-dip, gravity tectonics, within a system of faults bound to the western and
north-western edge of the Danube Lowland or the south-eastern foot of the
Small Carpathians. It follows from this fact that the portal wall will be instab-
le due to a potential for big blocks to slide on surfaces dipping toward the wall,
natural disintegration forming extremely large blocks, requiring additional bre-
aking (the anchoring of the blocks will be therefore necessary).

Western portal — it is found on right-hand slopes of a partial depression
“Slepy jarok”, south of Marianka. Outcrops of Borinka Shale covered with
a Neogene series of layers comprising layers of gravel, sand, sandstone and
conglomerates with the granitic character prevailing. The depression between
the “Slepy jarok” and Marianka is filled with proluvial sediments with the pre-
vailing character of loamy gravels, sands, rock fragments and with an insigni-
ficant occurrence of blocks. A transverse NW-SE fault zone, crossing the Small
Carpathians mountain range, is interpreted in the massif of the depression bet-
ween the “Slepy Jarmok” and Marianka. No more significant springs of
ground water are mapped along the foot of the mountain range.
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Zdpadny portdl — vzhladom na vyrazné regiondlne tektonizované zény SV-
JZ a SZ-JV predpokladdme nepriaznivé stabilitné pomery v oblasti portdlu
(nestabilita portdlovej steny z dovodu zhorSenych geotechnickych vlastnosti
masivu, nepriaznivej orientdcie ploch diskontuit, s moznostou pritoku vody).
V masive je predpoklad vyskytu kataklasticky porusenych zén metamorfitov
s vyskytom mylonitizovanych hornin v prie¢nom smere so sklonom 20—-40°
(do svahu).

Tunel 3-1I

Masiv tunela s maximalnym nadlozim do 80-90 m bude pravdepodobne
budovany horninami Borinskej sukcesie, v stvrstvi maridnskych bridlic cha-
rakteru vrstevnatého masivu smeru SV-JZ so sklonom vrstiev v strede masivu
30-50° k JV, na vychodnom okraji az so sklonom 60-70°, na zdpadnom okra-
ji so sklonom k SZ do 20-25°. Od km 15,300-15,800 sd smerom k ZP pre-
kryté komplexom neogénnych sedimentov so zasttiipenim vrstiev strkov, pies-
kov, pieskovcov, konglomerdtov s prevahou granitoidného charakteru.

Zdpadny portdl — v pripade razenia v komplexe nestidrznych neogénnych
zemin bude nutné stabilitu vyrubu zabezpecCit' pod ochranou mikropilétovych
dazdnikov, resp. injetovatelnych kotiev typu Titan.

RAZENIE A VYSTROJENIE VYRUBU

Vzhladom na dizku tunela, geologické pomery v trase a v buddcnosti sta-
noveny Cas vystavby je razenie pre jednotlivé varianty navrhnuté alternativne,
a to jednak pre tunel Karpaty 2-I kontinudlne pomocou otvoreného TBM bez
Stitu (obr. 4), resp. pre tunely Karpaty 3-I a 3-II cyklické pomocou vrtno-trha-
cich pric (obr. 5 a 6) pouzitim tzv. Novej rakidskej tunelovacej metddy
(NRTM). Koncept razenia pomocou TBM umoziiuje vysoko mechanizované
razenie, pri ktorom sa opakuji rovnaké pracovné postupy. TBM sa posiva
dopredu pomocou hydraulickych lisov, priom je stabilizovany vo vyrube
rozpernymi platiiami. To vedie k stdlym a vysokym vykonom pri razeni (v pri-
pade priaznivjch IG a HG podmienok zhruba dvoj- az trojndsobnym
v porovnan{ s inymi tunelovacimi metédami). Na Slovensku sa doteraz neu-
vazovalo s nasadenim otvoreného TBM bez stitu. Dlzka tunela Karpaty 2-I,
potreba vyrazit'dve tunelové riry a IG a HG v jeho trase st dobrymi predpo-
kladmi na nasadenie tejto progresivnej met6dy razenia.

Primdrme ostenie pri razeni pomocou TBM bude tvorené striekanym bet6-
nom, hydraulicky upinatelnymi kotvami dlzky 4 m a 6 m a ocelovymi vystuz-
nymi sietami, pri horsej geoldgii aj ocelovou oblikovou vystuzou. Pri tzv.
NRTM by sa pouZili rovnaké vystrojovacie prvky.

Tzv. NRTM, zndmou aj pod nédzvom ,,Pozorovacia metdda“ je velmi flexi-
bilnd metdda razenia, ktord umoznuje razenie od oboch portdlov, ale rovnako
ako razenie pomocou TBM si bude vyZadovat’ pouzitie pomocnych vystrojo-
vacich opatreni na prekonanie poruchovych zén a priportdlovych udsekov.
Razenie v priportdlovych dsekoch sa bude realizovat’ pod mikropilétovymi
ddzdnikmi s minimédlnou dlZkou zdberu a s horizontdlnym ¢lenenim vyrubu
(za mikropil6tovym dazdnikom s pripadnym zabezpecenim vyrubu predhdna-
nym pazenim).

Sekunddrne ostenie je navrhnuté z monolitického beténu. Betén hribky cca
300-350 mm a viac bude ukladany pomocou Cerpadiel do pojazdného, tele-
skopického debnenia. Medzi primdrne a sekunddrne ostenie sa ulozi medzila-
hld hydroizoldcia (geotextilia a 2 mm hruba hydroizolacn4 f6lia), ktord zabra-
fiuje naruSeniu vndtorného ostenia a prieniku horninovej vody do dopravného
priestoru.

TECHNOLOGICKA CENTRALA

Z technického a technologického hladiska sa bude v priportdlovej oblasti
nachddzat’ okrem samotnych portdlov tunela aj technologickd centrdla, pri
tuneli Karpaty 2-I aj vetracia centrdla, v ktorych bude trafostanica, energoblok,
vetraci objekt so strojoviiou ventildtorov a riadiace centrum bez stélej obsluhy.
Ak sa v rdmci daného useku dialnice, resp. v rdmci Bratislavy v buddcnosti
nezriadi centralne riadiace centrum, aj napr. s SSUD ur¢ené bud iba pre tento
tunel, alebo pre vSetky bratislavské tunely, riadiace centrum bude so stdlou
obsluhou.

BEZPECNOST A VYBAVENIE TUNELA

Tunel je navrhnuty tak, aby spiflal bezpecnostné poziadavky v zmysle
Nariadenia vlady SR ¢. 344/2006 a TP 04/2006.

Bezpecnostné stavebné prvky

V tuneli budd v zmysle STN 73 7507 Projektovanie cestnych tunelov
a TP 04/2006 PoZiarna bezpecnost cestnych tunelov navrhnuté nasledujiice
bezpecnostné stavebné prvky: nidzové zdlivy, prejazdné priecne prepojenia,
priechodné prie¢ne prepojenia, nidzové chodniky a SOS vyklenky
s hydrantmi v kazdej tunelovej rire.

Tuel

Tunnel 3-1

The pre-portal area and eastern portal — an SW dipping, NW-SE trending
fault zone is anticipated to exist, following the direction of the valley as well
as the direction of the tunnel; a surface stream eroded its bed in the fault zone.
A SE dipping, NW-SE trending partial transverse fault zone is predicted for
the portal area. Instability of the cut in the base of the steep slope throughout
the length in the diluvial zone. Intense loosening of fragments and blocks of
granitic rock in the weathered granitic rock zone and in the NW-SE system of
fissure systems, bound to the fault zone in the valley. Expectation of low-yield,
seasonal groundwater inflows in the weathered granitic rocks zone.

Western portal — with respect to pronounced regional tectonised NE-SW
and NW-SE zones, we anticipate unfavourable stability conditions in the por-
tal area (the instability of the portal wall due to worsened geotechnical pro-
perties of the rock massif, unfavourable trending of discontinuity surfaces,
with a possibility of water inflows). The occurrence of transverse, cataclasti-
cally disturbed zones of metamorphic rock with the occurrence of mylonitised
rock, dipping at an angle of 20 — 40° into the slope, is anticipated.

Tunnel 3-11

The rock massif through which the tunnel will pass under the maximum
overburden up to 80 — 90m high, will probably consist of the Borinka
Succession rocks, found in the Marianka Schist Member, having the character
of a NE-SW trending, bedded massif, dipping 30-50° SE in the centre of the
massif, 60-70° on the eastern edge and 20-25° on the western edge. From km
15.300 — 15.800, in the direction toward the WP, they are overlaid by
a complex of Neogene sediments, consisting of gravel layers, sand layers,
sandstone and mostly granitic rock conglomerates.

Western portal — in the case of the excavation through the complex of
Neogene rocks, the excavation stability will have to be provided by means
of micropile umbrellas or Titan-type groutable anchors.

TUNNEL EXCAVATION AND EXCAVATION SUPPORT

With respect to the tunnel length, geological conditions along the route and
the time determined for the future construction, alternatives are designed for
the individual variants of excavation, i.e. continual excavation using an open-
face TBM without a shield for the Karpaty 2-I tunnel (see Fig. 4) and the cyc-
lic excavation by the drill and blast for the Karpaty 3-I and 3-II tunnels (see
Figures 5 and 6), using the NATM. The TBM excavation concept allows high-
ly mechanised excavation, where identical work procedures are repeated. The
TBM moves ahead by means of hydraulic cylinders; grippers stabilise it in the
excavation during the movement. This system allows stable and high advance
rates (when the EG and HG conditions are favourable, the rates are roughly
double or triple those reached by other tunnelling methods). The use of an
open-face TBM without a shield has not been planned yet in Slovakia. The
length of the Karpaty 2-I tunnel, the need to drive two tunnel tubes and the EG
and HG along the tunnel route create favourable conditions for the use of this
progressive tunnel excavation method.

When the TBM is used for the excavation, the primary lining will consist of
shotcrete, 4m and 6m long anchors expanded by pressurised water and steel
mesh; lattice girders will be added in the case of worsened geology. The same
support elements would be used in the case of the NATM.

The NATM, which is also known under the name of the Observational
Method, is a very flexible excavation method, which makes the excavation
from both portals possible; however, the same as the TBM excavation, it will
require the use of additional support measures to pass through the fault zones
and portal sections. The excavation in the portal sections will be carried out
under the protection of micropile umbrellas, with a minimum advance length
and using a horizontal excavation sequence (behind a micropile umbrella with
contingent excavation support by means of forepoling).

The cast in situ secondary lining will be about 300-350mm thick or thicker.
Concrete will be pumped behind traveller telescopic formwork. Intermediate
waterproofing (geotextile and 2mm thick waterproofing membrane) will be
installed between the primary and secondary liners to protect the inner lining
against damage and prevent ground water from seeping into the road space.

EQUIPMENT CENTRE

From the technical and technological points of views, there will be, apart
from the tunnel portals, also an equipment centre in the portal area and
a ventilation centre at the Karpaty 2-1 tunnel, which will house the transfor-
mer station, generating block, ventilation unit with a ventilation fan room and
a control centre without permanent manning. If a central control centre is not
established in the future within the framework of the given section of the
motorway or entire Bratislava, even for example with an Motorway
Operation and Maintenance Centre (MOMC), which will be dedicated only
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Moznost' a sposob zabezpecenia stavby vodou na hasenie poZiarov to this tunnel or will control all tunnels in Bratislava, this control centre will

Zasobovanie vodou na hasenie poziarov sa navrhuje zabezpeCit' nadrzou so be manned permanently.
stalou zdsobou vody — poziarnou nadrzou. Objem néddrZe so stdlou zdsobou
vody bude ureny v zévislosti od tepelného vykonu pravdepodobného poZiaru SAFETY IN THE TUNNEL AND TUNNEL EQUIPMENT
podla TP 04/2006.

V protipoZiarnych vyklenkoch v tuneli budd umiestnené poziarne hydranty,
pre ktoré bude potrebné zabezpeit' minimélnu potrebu vody 20 1.s™ (predpo-
kladany tepelny vykon pravdepodobného poziaru 50 MW), resp. v tuneli
Karpaty 3-2, na zdklade predpokladaného tepelného vykonu pravdepodobné-

The tunnel design meets all safety requirements contained in the Decree of
the government of the Slovak Republic No. 344/2006 and the Specifications
TP 04/2006.

Structural safety elements

ho poziaru 30 MW, 167 Ls. The following structural elements will be designed for the tunnel, in the
Pristupové komunikdcie, sily a prostriedky na hasenie poZiaru meaning of STN 73 7507 Design of Road tunnf?ls and TP 04/2006 Fire safety
Pri urcovani jednotky prvého zdsahu existuji dva varianty. Prvy variant in road tunnels: emergency lay—l_)ys, veh1culqr sized cross passages, emergen-
potita s vybudovanim hasi¢skej stanice v SSUD umiestnenej pred zipadnym cy walkways and SOS niches with hydrants in each tunnel tube.
portalom tunela v blizkosti Stupavy a druhy variant je zaloZeny na vyuZit{ zasa- Possibility and method of providing fire-fighting water for the construction
hovych jednotiek z hasi¢skych stanic na Saratovskej a Halkovej ulici Areservoir holding a permanent reserve of water, i.e. a fire protection reser-
v Bratislave. Na zdklade predpokladanej dlZky tunela a intenzity dopravy sa voir, is designed as a source of fire-fighting water. The volume of the reservo-
odporti¢a presadzovat'planovany variant &. 1, ktory by vyznamne skritil dojaz- ir with the permanent reserve of water will be determined with respect to the
dovy cas hasi¢skych jednotiek k portdlu tunela, a tym znacne ovplyvnil moz- heat release rate of a potential fire, according to Specifications TP 04/2006.
nosti evakudcie a hasenia poZiaru. Variant ¢. 1 je v stlade so zmluvou medzi Fire hydrants will be installed in fire equipment recesses in the tunnel. The

MYV SR a MDPT SR, aby v ramci vystavby stredisk spravy a udrzby dialhic minimum water supply of 20 15! will be necessary (the assumed intensity of
boli vybudované objekty vedlajsich hasi¢skych stanic. Na trase navrhovanej the probable fire is 50 MW) or 16.7 1.s”! for the Karpaty 3-2 tunnel, where the
dialnice D4 v dseku od D1 (krizovatka Ivanka pri Dunaji-sever) po Stitnu cestu assumed intensity of the probable fire is 30MW.

1/2 juzne od Stupavy je vhodné miesto pre zriadenie SSUD v blizkosti krizo- Access roads, fire-fighting forces and equipment

vatiek dialnic (najmé pri Stupave-juh na D2). Two variants exist regarding the determination of an initial intervention
Navrhovany systém iinikovych ciest z tunelovych rir unit. The first variant expects that a fire station will be built in the MOMC,
Na tnik 0s0b z priestoru tunelovej riiry bude sliZit nechrdnend tnikovd which will be located in front of the western portal, near Stupava, whereas the

cesta tvorend nidzovymi chodnikmi a chranend dnikova cesta, ktord bude tvo- other variant is based on the use of intervention units from the fire stations

rend jednotlivymi nidzovymi vjchodmi do priecnych prepojeni a nisledne do | pased in Saratovskd and Halkova Streets, Bratislava. With respect to the

druhej tunelovej riry. Predpokladany pocet priecnych prepojeni medzi tunelo- expected length of the tunnel and intensity of traffic, it is recommended that

vymi rirami vychddza z poziadavky, aby ich vzdjomnd vzdialenost nebola vac-
Sia ako 300 m.

Technologické vybavenie tunela zahia zdsobovanie tunela elektrickou
energiou, centrdlny riadiaci systém, riadenie dopravy, monitorovaci systém,
komunikacny systém, vetranie tunela a osvetlenie tunela.

Zdsobovanie tunela elektrickou energiou

Zékladnou poziadavkou pre zdsobovanie cestnych tunelov elektrickou ener-
giou je zabezpecenie napdjania z dvoch na sebe nezavislych zdrojov, pricom za
nezdvislé sa povazuje napdjanie z uzlov prenosovych sieti 400 kV, 220 kV
alebo 110 kV a zo zdlozného zdroja napdjania. Z ohladom na dlzku tunela
a jeho technologické vybavenie sa poZaduje zdsobovanie elektrickou energiou
z oboch portdlov s ich vzdjomnym prepojenim tunelom s prenosovou schop-
nostou pre cely elektricky vykon tunela.

the planned variant No. 1 be preferred. It would significantly reduce the time
of the access to the tunnel portal for fire brigades, which would significantly
influence the possibility of evacuation and suppression of a fire. The variant
No. 1 complies with the agreement between the Ministries of Interior and
Transport of the Slovak Republic that secondary fire stations will be built wit-
hin the framework of the development of motorway maintenance and operati-
on centres. A location suitable for the development of the MOMC in the vici-
nity of motorway intersections (first of all the intersection Stupava — South on
the D2) is found within the section of the route of the planned motorway D4
starting at the D1 motorway (the intersection Ivanka pri Dubaji -North) to the
national road I/2 south of Stupava.

The system designed for escape routes from tunnel tubes

The escape of persons from the space of a tunnel tube will be provided along
an unprotected escape route formed by emergency walkways and a protected
escape route, which will comprise individual escape exits to cross passages
and further to the other tunnel tube. The planned number of cross passages bet-
ween the tunnel tubes is based on the requirement for the spacing not to exce-
ed 300m.

The tunnel equipment comprises the power supply system, central control
system, traffic control, monitoring system, communications system, tunnel
ventilation and tunnel lighting systems.

The tunnel power supply system

The basic requirement in terms of the supplying of road tunnels with power
is that power must be supplied from two independent sources, where supplies
from nodes of 400 kV, 220 kV or 110 kV transmission networks and backup
power sources are considered as independent. With respect to the tunnel length
and the equipment of the tunnel, the supplying of the tunnel with power is
required to be provided from both portals and both sides to be interconnected
through the tunnel, with the transmission capacity sufficient for the electrical
power of the whole tunnel.

Sources existing in the western portal area:

The closest and, from the current point of view, most suitable source exis-
ting in this location is the node of 410/110/22kV electric networks in the
Stupava distribution station. While considering the possibility to supply the
tunnel with 22kV voltage from this distribution station it is necessary, with res-
pect to the transmission capacity of the 22kV line, to plan an independent line,
following the route of the existing lines. The length of the line along the expec-
ted route, from the Stupava distribution station to the western portal, is about
7 to 9km. At the current trend in the development of the given area, it is pos-
sible to expect that a new distribution station will be built in the Devinskd
Novd Ves — Zdhorskd Bystrica locality, which will be connected through a loop
to the 110kV connecting line between the Stupava and Lamac distribution sta-
tions. In such the case, the western portal would be connected from this distri-

Obr. 4 Vzorovy priecny rez tunela Karpaty 2-1 — kontinudlne razenie (Amberg
Engineering Slovakia, s. r. 0.)

1) primdrne ostenie, 2) medziluhld hydroizoldcia, 3) sekunddrne ostenie,
4) odvodnenie, 5) vetraci kandl na privod a odvod vzduchu

Fig. 4 Typical cross section of the Karpaty 2-I tunnel — continual driving

(Amberg Engineering Slovakia, s.r.0.) bution station.. o
1) primary lining, 2) intermediate waterproofing, 3) secondary lining, Sources existing in the eastern portal area:
4) drainage, 5) intake and outlet ventilation duct The 110/22kV distribution station at BEZ Bratislava is the closest facility on
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Existujtice zdroje v oblasti zdpadného portélu:

Najblizsim a najvhodnej$im zdrojom v tejto lokalite z dne$ného pohladu
splnajicim poziadavky je uzol elektrickych sieti 400/110/22 kV v rozvodni
a transformovni Stupava. Pri Gvahe napdjat’tunel napitim 22 kV z tejto rozvod-
ne, vzhladom na prenosové moznosti vedeni 22 kV je potrebné uvazovat' so
samostatnym vedenim v trase koridorov jestvujicich vedeni. Vzdialenost’ po
predpokladane;j trase od rozvodne Stupava k zdpadnému portdlu je cca 7 az 9 km.

Pri si¢asnom trende rozvoja v danej oblasti je mozné predpokladat, ze
bude v lokalite Devinskd Novd Ves — Zdhorskd Bystrica vybudovand nova
transformovna zaslu¢kovand do spojovacieho vedenia 110 kV z rozvodne
Stupava do rozvodne Lamac. V takomto pripade by bol zdpadny portdl pri-
pojeny z tejto rozvodne.

Existujiice zdroje v oblasti vychodného portalu:

Na vychodnej strane tunela sa nachddza najblizsie 110/22 kV rozvodna
pri BEZ Bratislava. Je napdjand z rozvodne a transformovne 400/110/22
kV Podunajské Biskupice s prepojenim z rozvodne Senec. Po prislusnych
dpravich by mohla slizit' ako druhy zdroj elektrickej energie pre tunel.

Transformovne na vychodnom a zdpadnom portéli budd vzdjomne pre-
pojené kdblovymi vedeniami cez tunelové rdry slu¢kovanim cez podruzné
transformovne v tunelovych rirach, resp. vo vetracich centrdlach tunela.

Centrdlny riadiaci systém

Operétorské pracovisko riadiaceho centra so stdlou obsluhou sa predpo-
kladd umiestnit'v SSUD. V technologickych centralach na portaloch tune-
la budd umiestnené zariadenia ako bezobsluzny termindl, ustredna,
rozvodne a pod., ktorymi je mozné vykondvat' vsetky funkcie riadiaceho
centra na riadenie dopravy a prevadzky v pripade potreby.

Riadenie dopravy

Riadenie dopravy riesi premenné dopravné znacenie a znacky, trvalé
dopravné znaCenie v tuneli, zdvory, vodorovné dopravné znalenie
a svetelné signalizacné zariadenia.

Monitorovaci system

Monitorovaci systém pozostdva z merania fyzikdlnych veli¢in, elektric-
kej poziarnej signalizdcie, videodohladu s videodetekciou a elektronickej
zabezpecovacej signalizécie.

Komunikacny systém

Komunika¢ny systém tvoria SOS telefony v SOS kabinach, rddiové spoje-
nie v tunelovych rdrach pre zdchranné zlozky a idrzbu NDS, a. s., Sirenie radi-
ového vysielania na FM frekvencii 92,2 MHz, tunelovy rozhlas a pokrytie
kazdej Casti tunela GSM signdlom vsetkych mobilnych operatorov.

Vetranie tunela

Vetraci systém v tuneli, ktory zabezpecuje neprekrocenie limitnych kon-
centrécif Skodlivin pri vSetkych predpokladanych dopravnych stavoch, je
rozhodujicou sucastou prevadzkového vybavenia tunela. Optimédlny ndvrh
vetrania sa musi okrem plnej funkCnosti vyznacovat’ i minimalizdciou
investi¢nych a prevadzkovych ndkladov. Vetranie je podla dlzky tunela
navrhnuté ako prieCne v tuneli Karpaty 2-1, poloprieCne v tuneli Karpaty
3-Tapozdlzne v tuneli Karpaty 3-1I. Na zdklade vzduchotechnického vypo-
¢tu sa v tuneli Karpaty 2-I na portdloch a priblizne v km 10,000 vybuduji
vetracie centrdly. Znecisteny vzduch sa bude vyfukovat' cez vetracie Sach-
ty a kominy vysky cca 10 m do atmosféry rychlostou 15 m/s. Tymto riese-
nim sa zniZi na minimum negativny vplyv prevddzky tunela na Zivotné
prostredie. V tuneli Karpaty 3-I budi vetracie centrély sicastou technolo-
gickych centrdl na portdloch.

VYBER NAJVHODNEIJSIEHO VARIANTU

Trasa variantu 2 je vedend dlhodobo stabilizovanym koridorom, ktory
bol v rdmci technicke;j Stidie upraveny z hladiska poziadaviek dopravného
rieSenia mestskej Casti Rac¢a a umiestenia portdlov tunela. Koridor je vede-
ny v dostato¢nej vzdialenosti od Tudskych sidiel. Nadlimitnd hlukovi zataz
bude mozné eliminovat’ pomocou protihlukovych opatreni. Ovplyvnenie
ovzdusia, vodnych pomerov, horninovych a prirodnych zdrojov a tiezZ kra-
jiny je vdaka Setrnému vedeniu trasy, ktord koresponduje s terénnym relié-
fom, prijatelné. Z hladiska vplyvov na Zivi prirodu a institity ochrany pri-
rody (napr. Natura 2000) prichddza variant 2 do kontaktu s cennymi bio-
topmi na hranici chrdnenej krajinnej oblasti SV od Race. Naviac tu dojde
k likvidécii chrdnenych vinic. Na zdpadnom okraji Malych Karpdt je tento
stret menej vyznamy.

Variant 3 je vedeny tplne novym koridorom a pribliZzuje sa obytnej
zéastavbe mestskej Casti Raca a obci Borinka. Budu nutné demoldcie rodin-
nych domov a hlukovd z4taz postihne dalSie nové izemia. Komplikovanost
technického rieSenia spdsobi vyznamné zdsahy do vodnych pomerov, hor-
ninovych pomerov, ovzdu$ia a najméd obrazu krajiny. Cenné biotopy
Malych Karpét spolu s chranenymi druhmi budd vyznamne dotknuté nie-
len na vychodnom okraji, a to vyraznym predlZenim trasy pozdlz CHKO
a zdsahom do vnitra oboch chrdnenych tzemi, ktoré vyvold realizdcia
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Obr. 5 Vzorovy prieény rez tunela Karpaty 3-11 bez medzistropu—cyklické
razenie (Amberg Engineering Slovakia, s. r. 0.)

1) primdrne ostenie, 2) medziluhld hydroizoldcia, 3) sekunddrne ostenie,
4) multikandlové kablové chrdnicky, 5) pridovy ventildtor

Fig. 5 Typical cross section of the Karpaty 3-11 tunnel without a false ceiling
— cyclic excavation (Amberg Engineering Slovakia, s.r.o.)

1) primary lining, 2) intermediate waterproofing, 3) secondary lining, 4) mul-
tiple-way cable ducts, 5) jet fan

the eastern side of the tunnel. It is supplied from the Podunajské Biskupice
400/110/22kV distribution/transformer station, with a connection line from the
Senec distribution station. It could be used, after relevant modifications, as the
second source of power for the tunnel.

The transformer stations at the eastern and western portals will be intercon-
nected by means of cable lines running through tunnel tubes, which will be
connected by means of loops to secondary transformer stations in the tunnel
tubes or in the tunnel ventilation centres.

Central control system

The operator station of the permanently manned control centre is planned to
be located in the MOMC. Such facilities as the unmanned terminal, switchbo-
ard etc., through which all functions of the control centre (traffic control, sys-
tem management) can be exercised if necessary, will be located in the equip-
ment centres at the tunnel portals.

Traffic control

The traffic control is exercised through variable road signalling and traffic
signs, permanent road signalling inside the tunnel, barriers, road marking and
traffic light signals.

Monitoring system

The monitoring system consists of measurements of physical quantities, the
fire alarm and detection system, video surveillance with video detection and
electrical protection signalling system.

Communications system

The communications system consists of SOS telephones in SOS cabins,
wireless communication in tunnel tubes for rescue units and NDS,
a.s. maintenance crews, radio broadcasting on 92.2 MHz FM frequency, pub-
lic address and coverage of each part of the tunnel by GSM signals of all mobi-
le operators.

Tunnel ventilation

The tunnel ventilation system, which secures that the limiting concentrati-
ons of harmful substances are not exceeded under any of the anticipated traf-
fic states, is a crucial part of the operating equipment of the tunnel. An opti-
mum ventilation design must, apart from full functionality, be characterised by
the minimisation of investment and operating costs. The ventilation is desig-
ned with respect to the length, i.e. as a longitudinal system for the Karpaty 2-
I tunnel, semi-transverse system for the Karpaty 3-1 tunnel and longitudinal
system for the Karpaty 3-II tunnel. Ventilation centres will be built, on the
basis of the ventilation calculation, in the Karpaty 2-1 tunnel (at the portals and
at chainage about km10.000). Polluted air will be exhausted through ventilati-
on shafts and about 10m high chimneys to the atmosphere, at a velocity of
15m/s. This design will minimise the negative impact of the tunnel operation
on the environment. The ventilation centres to be built in the Karpaty 3-I tun-
nel will be parts of the equipment centres at the portals.




Obr. 6 Vzorovy priecny rez tunela Karpaty 3-1 s medzistropom—cyklické
razenie (Amberg Engineering Slovakia, s. r. 0.)

1) primdrne ostenie, 2) medziluhld hydroizoldcia, 3) sekunddrne ostenie,
4) multikandlové kdablové chrdnicky, 5) vetraci kandl na privod vzduchu
Fig. 6 Typical cross section of the Karpaty 3-1 tunnel with a false ceiling
— cyclic excavation (Amberg Engineering Slovakia, s.r.o.)

1) primary lining, 2) intermediate waterproofing, 3) secondary lining,
4) multiple-way cable ducts, 5) intake ventilation duct

vychodného portédlu tunela 3-I spolu s vyvolanymi prelozkami komunik4-
cif a vodného toku, ale tplne novo bude tiezZ dotknuté tidolie Stupavského
potoka s chranenymi biotopmi. ZataZenie izemia v tychto Castiach bude
naviac zosilnené nutnymi preklddkami inZinierskych sieti (VN, vysokotla-
ké plynovody).

Hlavné nevyhody variantu 3 oproti variantu 2

Trasa variantu 3 je v rozpore s tizemnymi planmi sidiel.

Ekonomické porovnanie nepreukdzalo jeho opodstatnenie, lebo rozdiel
stavebnych ndkladov je minimdlny.

Trasa je o cca 1130 m dlhsia, ¢o spolu s 0 33 m vid¢Sim prevySenim
vyvold vyssie prevadzkové ndklady.

Skrétenie tunela Karpaty vyvold nutnost’ prechodu trasy dzemim, ¢o
bude mat negativne dopady na Zivotné prostredie, vratane chranenych
uzemi, ktoré su iba tazko oddovodnitelné.

Dojde k negativnemu ovplyvneniu Zivotného prostredia v mestskej Casti
Raca.

Dojde k vyznamnému negativnemu ovplyvneniu Zivotného prostredia
v obci Borinka.

Realizédcia dvoch tunelov bude ovela tazsia vzhladom na nepristupny
terén a zloZité geotechnické pomery, najmé v priportdlovych tdsekoch.

Stavba vyvold rozsiahle preklddky vyznamnych energetickych sieti,
ktoré budd mat vplyv na cely region.

Trvalé zdbery st celkovo o 30 ha vicsie; u polnohospodarskeho podne-
ho fondu o 16,5 ha, u chranenych vinic o 9 ha.

Trasa vyvold vic¢si rozsah demoldcif, vratane demoldcii obytnych budov
v Borinke.

Prebytok 750 000 m* ribaniny bude treba odviest'a ulozit na sklddku.

Z vyssie uvedenych zdverov jednoznacne vyplyva, Ze projektant odpo-
ri¢a pre spracovanie dalsich stupfiov projektovej dokumentécie variant 2
s jednym dlhym dvojrirovym tunelom.

ZAVER

Ulohou spracovatela technickej $tidie bolo preskimat’ okrem variantov

s dlhym tunelom aj varianty skracujice tunel popod Karpaty. Vysledkom

porovnania je skuto¢nost, ze kratsi tunel, resp. kratSie tunely prepojené tsek-

mi v zdrezoch vobec nemusia byt vyhodnejSie ako jeden dlhy tunel. A to

neplati iba v tomto pripade. Preto pevne verim, Ze tunel Karpaty sa stane

najdlh§im dialnicnym tunelom na Slovensku, pricom na jeho vyrazenie sa

pouzije TBM. Iba potom si budeme mdct'na Slovensku povedat, Ze po dspes-

nej maturite sme zloZili aj tuneldrske Stdtnice a definitivne sa zaradime
medzi tuneldrske velmoci. 5

ING. MARTIN BAKOS, Ph.D., mbakos@amberg sk,

AMBERG ENGINEERING SLOVAKIA,s.r. o.

Recenzovala: Ing. Viktoria Chomovd
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SELECTION OF THE MOST SUITABLE VARIANT

The route of the variant 2 leads along a corridor which is well stabilised in
the long term and which was modified in the framework of the engineering
study in terms of the requirements of the transportation solution for the district
of Raca and the location of the portals. The corridor runs at a sufficient distan-
ce from existing buildings. It will be possible to eliminate noise loading exce-
eding limits by means of noise control measures. The effects on the atmosp-
here, water conditions, mineral and natural sources and the landscape are,
owing to the considerate location of the route, which corresponds to the surfa-
ce topography, are acceptable. From the viewpoint of the effects on the living
nature and nature preservation institutes (e.g. Natura 2000), the variant 2 gets
into contact with valuable biotopes on the border of a natural reserve found NE
of Raca. In addition, protected vineyards will be damaged by this variant. On
the western end of the Small Carpathians, this collision is less significant.

The Variant 3 runs along an absolutely new corridor and gets close to the
residential development of the Raca district and the municipality of Borinka.
Demolition of family houses will be necessary and noise pollution will affect
other new areas. The complexness of the design will significantly affect the
ground water conditions, ground conditions, atmosphere and, above all, the
landscape. Valuable biotopes of the Small Carpathians, together with protected
species will be significantly affected not only on the eastern edge (by
a substantial increase in the length of the route passing along the nature reser-
ve and interference with the interior of both nature reserves which will be cau-
sed by the construction of the eastern portal of the tunnel 3-I together with
induced diversions of roads and a stream) but also, newly, in the Stupava
Brook valley. The loads acting on the area in the above-mentioned parts will
be further aggravated by relocations of utility networks which will be neces-
sary (HV, high-pressure pipelines).

The main disadvantage of the variant 3 compared with variant 2

The route of the variant 3 is at variance with regional land-use plans.

Economic comparison did not prove that it is substantiated because the dif-
ference between the construction costs is minimum.

The route is longer by about 1130m, which fact, combined with the diffe-
rence in elevation greater by 33m, means higher operating costs.

The reduction in the length of the Karpaty tunnel will give rise to the neces-
sity for the route to pass across woodlands, which fact will negatively affect
the environment, including nature reserves, which are difficult to justify.

The environment in the Raca district will be negatively affected.

The environment in the Borinka district will be significantly negatively
affected.

The construction of two tunnels will be much more difficult with respect to
the inaccessible terrain and difficult geotechnical conditions, most of all in the
portal sections.

The construction will require extensive relocations of important utility net-
works, which will influence the entire region.

The plan area of the works is larger by 30% in total: the agricultural land
area by 16.5 hectares, protected vineyards area by 9 hectares;.

The route will require greater extent of demolition, including demolition of
residential buildings in Borinka.

The excessive 750,000 m? of muck will have to be removed and deposited
to a stockpile.

It explicitly follows from the above-mentioned conclusions that the desig-
ner recommends that the further design stages be developed for the variant 2,
with a single, long, twin-tube tunnel.

CONCLUSION

The task of the author of the engineering study was to examine not only the
long tunnel variant, but also the variants which reduce the length of the tunnel
under the Carpathians. The comparison results in the conclusion that the shor-
ter tunnel or shorter tunnels which are connected by sections of the motorway
in open cuts do not necessarily have to be more advantageous than a single
long tunnel. This conclusion is applicable not only to this case. Therefore,
I firmly believe that the Karpaty tunnel will become the longest motorway tun-
nel in Slovakia and it will be driven by TBMs. Only then will we be able to
say in Slovakia that, after gaining a school leaving certificate, we have mana-
ged to get a degree in tunnelling and rank among tunnelling Great Powers.

ING. MARTIN BAKOS, Ph.D., mbakos@amberg sk,
AMBERG ENGINEERING SLOVAKIA,s. r. o.
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DIALNICA D1 JANOVCE - JABLONOV - TUNEL SIBENIK
SIBENIK TUNNEL ON JANOVCE - JABLONOV SECTION OF D1 MOTORWAY

MARTIN BAKOS

uvoD

Navrhovand dialnica D1 v dseku Jdnovce — Jablonov je v stlade
s ,,Programom rozvoja dialnicnej siete Slovenskej republiky”, ako aj
s uznesenim vlady SR €. 523 z 26. 6. 2003 k aktualiz4cii nového projektu
vystavby dialnic a rychlostnych ciest. Predmetny dsek dialhice bude sticas-
tou multimodalneho dopravného koridoru ¢. V, vetva a) modifikovaného na
tizemi Slovenska trasou dialnice D1 Bratislava — Zilina — Kogice — &t. hr.
SR/Ukrajina. Je v stilade so smerovanim medzindrodnej cestnej dopravy cez
uzemie Slovenska trasami dopravnych koridorov definovanych na
Paneurdpskej konferencif o doprave na Kréte v roku 1994. Zdroven je tento
tisek st¢astou hlavného dialni¢ného tahu na Slovensku. Ugelom a cielom
stavby je postupne dobudovat zdkladny dialni¢ny tah, skvalitnit’ podmienky

pre medzindrodnd a vnitrostitnu dopravu a zvysit' plynulost, rychlost

a zdroven bezpelnost cestnej premdvky. Vystavbou dialhice ddjde
k vyraznému zlepSeniu dopravno-prevadzkovych podmienok pre tranzitnd
dopravu. Po ukonceni vystavby predmetného tseku dialnice D1 sa vytvoria
podmienky k podstatnému odlahceniu dopravy na ceste 1/18, ako aj ostat-
nych prilahlych cestich.

Generdlnym projektantom uvedenej stavby je ZdruZenie Janovce —
Jablonov, ktoré tvoria spolo¢nosti Geoconsult, spol. s r. 0., Bratislava, HBH
Projekt spol. s r. 0. Brno, Valbek spol. s r. 0. Liberec. Projektantom tunela
Sibenik je spolotnost Amberg Engineering Slovakia, s. 1. 0., Bratislava.

ZAKLADNE UDAJE O TUNELI

Tunelom Sibenik prechddza dialnica D1 pod Gipitim vrchu Sibenik, juho-
vychodne od mesta Levoca. Vich Sibenik ma nadmorskd vysku 652,7 m
a patri do geomorfologického celku Hornddska kotlina, podcelku Medvedie
chrbty. Zapadné portdly tunelovych rir si v nadmorskej vyske 569.4 m (STR)
a 570,1 m (JTR). Vychodné portély tunelovych rir si v nadmorskej vyske
5703 m (STR) a 5689 m (JTR). Uzemie pred portdlmi, ako aj nad tunelom
ma charakter llik roli, resp. pasienkov Nad tunelom ani v blizkosti porta’lov
VN vedenie ¢. 202 vo vzdialenosti cca 170 m od vychodného portdlu.

Tunel je navrhnuty ako dialni¢ny dvojrirovy tunel v extravildne
s jednosmernou premavkou s maximalnou dovolenou rychlostou 80 km/h,
resp. obojsmernou premdvkou v pripade uzavretia jednej z tunelovych rir
s maximdlnou dovolenou rychlostou 60 km/h. Predpokladand skladba
dopravného pridu v tuneli je 77 % osobnych vozidiel, z toho 85 % vozidiel
s benzinovym motorom, 15 % s naftovym motorom a 23 % ndkladnych vozi-
diel. Celkovd premdvka v tuneli je rozdelend na dve tunelové riry v pomere
1:1. Predpokladany poéet vozidiel v roku 2012 v oboch smeroch na jednu
tunelovi rdru za 24 h je 12 266 a 18 801 vozidiel v roku 2027.

Orientécia trasy tunela podla svetovych strdn je v osi zapad—vychod Dizka
severnej tunelovej riry je 632,523 m, dlzka juznej tunelovej riry je
635453 m. Severné hibend tunelové rira mé dizku 54,715 m pri Zapadnom
portdli a 47,086 m pri vychodnom portdli. JuZnd hibend tunelové rira mé
dlzku 27,517 m pri zdpadnom portdli a 82,622 m pri vychodnom portdli.

Dokumentdcia na stavebné povolenie rieSi predmetnd komunikéciu
v Sirkovom usporiadani podla kategone D 26,5/100. Sirkové usporiadanie
tunela je predpisané kategériou T1 = 90 v zmysle STN 73 7507
Projektovanie tunelov na pozemnych komunikzicizich z roku 2001, tj. kazda
tunelovd rira s dvomi jazdnymi pruhmi $irky 3,5 m, niidzovym pruhom Sirky
1,25 m a nddzovymi chodnikmi $irky 1 m po oboch stranich.

Zékladnd vyska priechodného prierezu je 4,8 m, v osi jazdného pdsa je
vyska priechodného prierezu zvySend na 5,2 m v Sirke 3,5 m pre nadrozmer-
né vozidld. Vyska priechodného priestoru nad nidzovymi chodnikmi je
22 m. V tunelovych rirach je teoretickd plocha uzito¢ného priestoru tunela
72,06 m2 (bez zohladnenia pripustnych medznych odchylok).

Obe razené tunelové riry si v lavoto¢ivom smerovom obliku
s polomerom 1700,00 a 2693,75 m. Niveleta oboch tunelovych rir je vede-
nd vypuklym vrcholovym oblikom s polomerom 10 000 m. V trase severnej
tunelovej riry za¢ina vrcholovy obldk v km 0,302 663 so stipanim 3,5 %.
Vrchol dosahuje v km 0,702 656 a nésledne klesd do stani¢enia konca oblu-
ka v km 1,102 649 pri klesani 4,5 %. V trase juZnej tunelovej riry zac¢ina
vrcholovy oblik v km 0,299 466 so stipanim 3,5 %. Vrchol dosahuje v km

INTRODUCTION

The Janovce — Jablonov section of the D1 motorway, which is being plan-
ned, is in line with the ,,Motorway Network Development Program for the
Slovak Republic* and the Decree No. 523 of the Government of the Slovak
Republic, dated 26.6.2003, on the updating of the new development project
for motorways and fast highways. The motorway section in question will
become part of the multimodal transit corridor No.V, branch a), modified in
Slovakia through the D1 motorway route between Bratislava — Zilina —
Kosice — the SR/Ukraine border. It is in conformity with the routing of inter-
national road transport across Slovakia along the routes of the traffic corri-
dors which were defined in 1994 at the Pan-European Transport Conference
on Crete. At the same time, this stretch is part of the main motorway route in
Slovakia. The purpose and objective of this project is to gradually develop the
basic motorway route, improve the quality of international and domestic traf-
fic, fluency and, at the same time, safety of road traffic. The construction of
the motorway will significantly improve the traffic-operating conditions for
transit transportation. When the construction of the D1 motorway section in
question is completed, the conditions for substantial decongestion of traffic
along the /18 road and other adjacent roads will be met.

The main designer for the above-mentioned project is ZdruZenie Janovce
— Jablonov, a group of companies consisting of Geoconsult, spol.
s 1.0. Bratislava, HBH Projekt spol. s r.0. Brno and Valbek spol. s r.o. Liberec.
The designer for the Sibenik tunnel is Amberg Engineering Slovakia,
s.r.0. Bratislava.

BASIC DATA ON THE TUNNEL

The Sibenik tunnel allows the D1 motorway to pass under the bottom of
Sibenik Hill, south-east of the town of Levota. Sibenik Hill altitude is
652.7m as.l. It is part of the geomorphological unit of Horndd Basin, sub-
unit Medvedie Chrbty. Western portals of the tunnel tubes are at the altitudes
of 569.4m a.s.l. (the NTT) and 570.1m a.s.l. (the STT). Eastern portals of the
tunnel tubes are at the altitudes of 570.3m a.s.l. (the NTT) and 568.9m
a.s.l. (the STT). The areas in front of the portals as well as the area above the
tunnel have the character of meadows, fields or pastures. No buildings or
structures are found above the tunnel or in the vicinity of the portals. The clo-
sest structure is the overhead line No. 202, which is found at a distance of
about 170m from the eastern portal.

The tunnel design comprises a twin-tube motorway tunnel, in a rural area,
for unidirectional traffic and a maximum permissible speed of 80km/h or bi-
directional traffic, in the case of a closure of one tunnel tube, with
a maximum permissible speed of 60km/h. The anticipated composition of the
flow of traffic is as follows: passenger cars 77 % (of that 85% petrol powe-
red and15% diesel powered) and 23% lorries. The total traffic through the
tunnel is divided between two tunnel tubes at a 1 : 1 ratio. The anticipated
numbers of vehicles in 2012 and 2027 in both directions per one tunnel tube
per 24 hours are 12,266 and 18,801, respectively.

In terms of cardinal points, the tunnel route is oriented along the WE axis.
The northern tunnel tube is 632.23m long, whilst the length of the southern
tunnel tube is 635.453m. The northern cut-and-cover tunnel tube is 54.715m
long at the western portal and 47.086m long at the eastern portal. The sout-
hern cut-and-cover tunnel tube is 27.517m long at the western portal and
82.622m long at the eastern portal.

According to the final design, the D 26.5/100 category of the width arran-
gement is applied to the road in question. The tunnel width arrangement is
prescribed to be T1 = 9.0 category, in the meaning of STN 73 7507 Design
of Road tunnels from 2001, which means two 3.5m wide traffic lanes,
a 1.25m wide emergency lane and two emergency walkways on both sides in
each tube.

The basic height clearance is 4.8m; the height clearance is increased to
5.2m on the centre line of the roadway, within the width of 3.5m, for oversi-
zed vehicles. The height clearance over the emergency walkways is 2.2m.
The theoretical useful cross sectional area of one tunnel tube is 72.06 m2 (wit-

hout permissible limit deviations taken into account).




Vychodny portal — Eastern portal

Obr. 1 Vychodny portdl tungla Sibenik (Amberg Engineering Slovakia, s.r. 0.)
Fig. 1 Eastern portal of the Sibenik tunnel (Amberg Engineering Slovakia, s.r.o.)

0,699 485 a ndsledne klesd do staniCenia konca oblika v km 1,099 504 pri
klesani 4.5 %. Priecny sklon 2.5 % je jednotny v oboch tunelovych rdrach po
celej ich dizke.

Tunelové ridry st navzdjom prepojené dvomi priechodnymi prie¢nymi pre-
pojeniami. V kazdom prie¢nom prepojeni je umiestnend samostatnd miest-
nost-rozvodna NN. Sticastou tunela je technologické centrala, navrhnutd ako
podzemny objekt priliehajici k hlbenej Casti severnej tunelove;j riry, ktord
md samostatny vchod z volného priestranstva pred vychodnym portdlom
(obr. 1). Na prevedenie kdblov z technologickej centraly do tunelovych rir je
navrhnuty kolektor prechddzajici popod obe tunelové riry s vyustenim do
kablovych §acht v nidzovych chodnikoch v tunelovych rirach. Dalou Cas-
tou stavby stvisiacou s tunelom je dvojpodlaznd budova s poZiarnou nadr-
Zou, umiestnend na odpocivadle Levoca.

GEOLOGICKE A HYDROGEOLOGICKE POMERY

Na zédklade vykonaného prieskumu a v sulade s regiondlnou inZiniersko-
geologickou klasifikdciou hornin Slovenska sa v trase tunela nachddza for-
mécia kvartérnych zemin a flySové formécia (obr. 2). Kvartére zeminy si
zastipené komplexom deluvidlnych sedimentov. V bezprostrednom okol{
zdpadného portélu, okrem vegetaCnej vrstvy o hribke okolo 0,3 m pevnej
konzistencie, prevldda do hlbky 1,0-3,1 m il piescity az piesok ilovity.
V obidvoch pripadoch s podielom tlomkov pieskovcov. V podlozi su silne
zvetrané pieskovce. V priestore vychodného portdlu, okrem vegetaCnej vrst-
vy o hribky 0,2-0.4 m, sa do hlbky 1,7-2 m nachddza il strednej plasticity,
zriedka 1l piesCity pevnej konzistencie. V podloZi si celkom az silno zvetra-
né rozpadave ilovee. V predponalovom tiseku dosahuje vegetaCnd vrstva
a ornica hribku 0,2-0,6 m a je tuhej konzistencie. BlizSie k portdlu do hlbky
3,042 m zasahuje delivium tvorené flom a flom piesCitym prevazne tuhej
konzistencie. Dalej od portdlu do hlbky 2,6-1,1 m zasahuje il piesCity
s men$im podielom dlomkov a tuhou az pevnou konzistenciou. V podlozi
deltivia sa nachddzaju silno zvetrané flovce.
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Both mined tunnel tubes are on a left-hand horizontal curve with the radii
of 1700.00 and 2693.75m. The vertical alignment of both tunnel tubes fol-
lows a concave curve with the radius of 10,000m. For the alignment of the
northern tunnel tube, the concave curve starts at km 0.302 663, with the
uphill gradient of 3.5%. It reaches the summit at km 0.702 656, then it des-
cends on a gradient of 4.5% to the chainage 1.102 649 where the curve ends.
For the alignment of the southern tunnel tube, the concave curve starts at km
0.299 466, with the uphill gradient of 3.5%. It reaches the summit at km
0.699 485, then it descends on a gradient of 4.5% to the chainage 1.099 504,
where the curve ends. The transverse gradient of 2.5% is uniform for both
tunnel tubes, throughout their lengths.

The tunnel tubes are interconnected by two pedestrian cross passages.
Each cross passage contains an independent room — an LW switchgear room.
Part of the tunnel is an equipment control building, which is, according to the
design, an underground structure adjacent to the cut-and-cover section of the
northern tunnel tube, which has a separate entrance from the open area in
front of the eastern portal (see Fig. 1). A utility tunnel passing under both tun-
nel tubes is designed to lead cables from the equipment control building to
the tunnel tubes. The utility tunnel ends are in the tunnel tubes, in cable man-
holes, which are located in the emergency walkways. Another part of the con-
struction which is associated with the tunnel is a two-level building with
a fire protection reservoir, which is located at the Levoca lay-by.

GEOLOGICAL AND HYDROGEOLOGICAL CONDITIONS

According to the completed survey and in accordance with regional engi-
neering geological classification of ground in Slovakia, there is a Quaternary
soil formation and a flysh formation found along the tunnel route (see Fig. 2).
Quaternary soils are represented by a complex of diluvial sediments. In the
immediate surroundings of the western portal, apart from the about 0.3m
thick, hard consistency vegetation layer, sandy clays to clayey sands prevail
to the depth of 1.0 — 3.1m (in both cases containing a proportion of sandsto-
ne fragments). The bedrock consists of heavily weathered sandstone. In the
area of the eastern portal, there is, apart from a 0.2 — 0.4m thick vegetation
layer, medium-plastic clay reaching to a depth of 1.7 — 2m or, infrequently,
hard consistency sandy clay. Up to heavily weathered, rotten claystone is in
the sub-grade. The vegetation layer and arable soil in the section in front of
the portals is 0.2 — 0.6m thick; it has a hard consistency. Closer to the portals,
there is a diluvium consisting of clay and sandy clay, mostly of the stiff con-
sistency, reaching to a depth of 3.0 —4.2m. At a greater distance from the por-
tal, there is sandy clay with a smaller proportion of fragments and stiff to hard
consistency, reaching to a depth of 2.6 — 1.1m. The sub-base of the diluvium
consists of weathered claystone.

A flysh formation rises throughout the length of the tunnel and in the por-
tal sections. The rocks identified by the survey are parts of the Zuberec
Member, with a typical flysh background. Under the diluvial sediments, the
Zuberec Member has a zone of even heavily weathered rock, having locally,
on the contact with the diluvium, even the character of soil. Slightly weathe-
red to sound rock is found under this zone. Two differing rock layers with dif-
fering engineering geological and geotechnical properties were determined
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Obr. 2 InZiniersko-geologicky pozdiiny profil (Uranpres s. r. 0.)
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1) i, 2) il piescity, 3) il Strkovity aZ Strk ilovity, 4) zlepence, 5) pieskovce, 6) ilovce, 7) striedanie ilovcov a pieskovcov, 8) litologickd hranica, 9) rozhranie navet-
ranych a zdravych hornin, 10) hladina PV, 11) druh horninového masivu podla TP 06-1/2006

Fig. 2 Engineering geological longitudinal section (Uranpres s.r.o.)

1) clay, 2) sandy clay, 3) gravely clay to clayey gravel, 4) agglomerates, 5) sandstone, 6) claystone, 7) alteration of claystone and sandstone, 8) lithological bor-
der, 9) interface between slightly weathered and sound rock, 10) water table, 11) rock mass type according to TP 06-1/2006
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V celej trase tunela a v priportdlovych dsekoch vystupuje flySova forma-
cia. Zistené horniny patria zubereckému stvrstviu v typickom flySovom
vyvoji. Pod kvartérnymi deluvidlnymi sedimentmi sa v zubereckom stvrstv{
nachddza zéna celkom az silno zvetranych hornin, ktoré maji lokdlne na
styku s deliviom az charakter zemin. Pod touto zénou sa nachddzaji horni-
ny slabo zvetrané az zdravé. V trase juznej a severnej tunelovej riry, pod chr-
batom Sibenika, na zdklade vysledkov z vitov v zubereckom stivrstvi, st
vyclenené dve odliSné horninové polohy rozdielnych inZiniersko-geologic-
kych a geotechnickych vlastnosti.

Od km 0,335 (ZP) po km 0,610 bude tunel razeny v stredno- az hrubozr-
nitych pieskovcoch slabo vépnitych s muskovitom. Poloha mé celkovi hrib-
ku viac ako 50 m. Pieskovce s lavicovitou vrstevnatostou maju hribku vrsti-
ev 0,2-0,6 m. Medzi vrstvami pieskovcov sa nezriedka vyskytuji tenké vloz-
ky ilovcov, ¢o mdze sposobit’ oddelovanie vrstiev. Ojedinele st vyclenené
samostatné §o§0vky flovcov o hriibky 1,5-2,5 m. V polohe pieskovcov sa
nachddzaji aj samostatné vrstvy zlepencov o hribky 0,54 m. V uvedenej
zépadnej polovici dlzky tunela maji pieskovce zastipenie 68 %, zlepence
15 % a flovee 17 %. Podla stupna zvetrania je 60-87 % hornin navetranych
(W2) a 1340 % hornin zvetranych (W3). Podla zisteni v odkryvoch na povr-
chu maju tektonické pukliny hustoty 200—2000 mm. Pukliny st dvoch vyraz-
nych smerovych orientdcii, a to stibezné s osami tunelovych rir a priecne,
pricom ich sklony s strmé (>80°). Spolu s este pocetnej$imi subhorizontdl-
nymi vrstvovymi plochami tvoria tri navzajom kolmé systémy ploch diskon-
tinuit, ktoré spdsobujui rozpad hornin na doskovité a hranolovité bloky stred-
nych (200-600 mm) az velkych (600-2000 mm) rozmerov. Podla hodnote-
nia stupna pevnosti st horniny za¢lenené do stredného stupria R3, vynimoc-

ne R4 (do 5 %), ¢o je dolozené aj laboratérnymi skiskami (pevnost

v prostom tlaku 30-62 MPa a pevnost pri bodovom zatazeni PLT 25,7-47 4
MPa). Této Cast'tunela je v prevaznej miere bez pritomnosti vody.

0Od km 0,610 po km 0,970 (VP) bude tunel razeny v polohe iflovcov hru-
bej do 30 m. Této poloha flovcov je svojim zloZenim homogénna. St to sivé
a tmavosivé flovce s rozpadom kolmo na os jadra. Vynimoc¢né st prechody
do prachovcov az jemnozrnitych pieskovcov. Podla stupna zvetrania sd
v profile tunelovej riry flovce len navetrané (W2) az zdravé (W1), blizsie
k vychodnému portdlu vplyvom niZ8ieho nadloZia su silno zvetrané (W4,
65 %), slabo zvetrané (W3, 13 %) a navetrané (W2) az zdravé (W1)
v zastdpeni 22 %. Rozpad hornin podla RQD je v flovcoch medzi 40-90 %
(priemer 70 %) a so zmenSovanim nadlozia klesd na 070 %. Tento parame-
ter dalej k vychodnému portdlu mé4 klesajtici trend (odhad do 20-30 %).
S ohladom na niZsiu rigiditu oproti pieskovcom predpokladd sa vyssia hus-
totu (60—200 mm) tektonickych puklin rovnakej priestorovej orientécie voci
osi tunelovych rir. Podstatne vyssia je hustota vrstvovych ploch (2-60 mm).

Z uvedeného vyplyva, Ze v tunelovych rirach sa budd v flovcoch vytvarat

doskovité az polyedrické bloky malych (60-200 mm) az velmi malych roz-
merov (< 60 mm). Podlla hodnotenia stupna pevnosti s flovce zaradené do
stredného stupna R3, blizie k vychodnému portdlu do nizkeho stupna pev-
nosti R4 a na portdli je to nizky stupeni pevnosti R4 aZ extrémne nizky R6.
Laboratdrne skuisky flovcov v prostom tlaku ukazuji hodnoty 16-20 MPa, ¢o
potvrdzuje ich zatriedenie do triedy R3 s prechodmi do R4. Pevnost'pri bodo-
vom zataZeni PLT je 18,3 MPa. V nivelete tunela je horninové prostredie
zvodnené s ocakdvanym pritokom do 0,5 I/s.

RAZENIE A VYSTROJENIE VYRUBU

Konstrukcia razenych tunelovych rir je tvorend dvojvrstvovym ostenim
(primdrnym a sekunddrnym) s medzilahlou drendZnou a ochrannou vrstvou
a plosnou hydroizoldciou (obr. 3). Tvar konstrukcie je navrhnuty pre cyklic-
ké razenie. Teoretické rozmery vyrubu (pre primdrne ostenie hribky 200
mm) si: max. vyska 9497 mm, max. Sirka 13 427 mm a plocha vyrubu
105,34 m?.

Na razenie tunela Sibenik sa navrhuje cyklicky spdsob razenia
s horizontdlnym ¢lenenim vyrubu na kalotu, stupen a dno. Vzhladom na geo-
logické pomery sa uvazuje s dvomi technoldgiami razenia, a to vrtno-trhavi-
nové razenie a razenie pomocou tunelbagra. Alternativne mozno uvazovat aj
s pouZitim stroja s vyloZnikovou frézou.

Primdrne ostenie méd po celej dizke tunela (okrem tsekov razenych pod
dazdnikmi) navrhnutd konstantnd hribku min. 200 mm vzhladom na nama-
hanie staticky posudenych prie¢nych rezov. S primarnym ostenim je uvazo-
vané aj pri prenose zatazenia od horninového tlaku pocas Zivotnosti tunela.
Podiel primdrneho ostenia na prenose zatazenia je 30 %. Primarne ostenie je
tvorené kombindciou strickaného beténu, vystuznych sieti, prichradovych
ocelovych oblikov a kotiev. Kotvy sd nayrhnuté hydraulicky upinatelné dI.
4 m a 6 m, resp. injektované zavitavacie dl. 4 m. Pouzité vystrojovacie prvky
st uvedené na obr. 4. V priportdlovej vystrojovacej triede sa uvaZuje
s razenim pod ddZdnikom z injektovanych zavitavacich ty¢i di. 15 (18) m.
Zhotovenie plnej hribky primarneho ostenia sa bude realizovat'v 3 zéberoch.
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Obr. 3 Vzorovy priecny rez (Amberg Engineering Slovakia, s. r. 0.)

1) primdrne ostenie, 2) medzilahld hydroizoldcia, 3) sekunddrne ostenie,
4) multikandlové kdblové chrdnicky, 5) pridovy ventildtor () 1250 mm

Fig. 3 Typical cross section (Amberg Engineering Slovakia, s.r.o0.)

1) primary lining, 2) intermediate waterproofing, 3) secondary lining,
4) multiple-way cable ducts, 5) jet fan @ 1250 mm

on the basis of the results of boreholes in the Zuberec Member, on the route
of the southern and northern tunnel tubes, under the ridge of Sibenik Hill.

From km 0.335 (the WP) to km 0.610, the tunnel will be driven through
medium-grained to coarse-grained sandstone, slightly calcareous, containing
muscovite. The total thickness of the sandstone layer exceeds S0m. The sand-
stone beds are 0.2 — 0.6m thick. There are frequently thin claystone interlay-
ers between the sandstone beds, which may cause the separation of the lay-
ers. Sporadic, separate claystone lenses 1.5m —2.5m thick were determined.
There are also separate, 0.5 —4.0m thick layers of conglomerates in the sand-
stone unit. In the above-mentioned western half of the tunnel length, the pro-
portions of rocks are 68% for sandstone, 15% for agglomerates and 17% for
claystone. In terms of the degree of weathering, 60 — 87% of the rocks are
slightly weathered (W2) and 13 — 40% of the rocks are weathered (W3). As
determined by the survey of outcrops, the spacing of tectonic fissures ranges
from 200 to 2000mm. The fissures follow two significant directions,
i.e. parallel with the centre lines of the tunnel tubes and transverse; their dips
are steep (>800). Together with the even more numerous sub-horizontal bed-
ding planes, they form three systems of discontinuity surfaces, which are per-
pendicular to each other. The discontinuity surfaces cause the disintegration
of rocks into platy and prism-shaped blocks of medium (200 — 600mm) to big
(600 — 2000mm) dimensions. In terms of the strength-related classification,
the rocks are assigned the medium degree R3 and, exceptionally, degree R4
(less than 5%). This distribution is even supported by laboratory tests (uncon-
fined compression strength of 30 — 62MPa and the point load strength of 25.7
— 47 4AMPa). This part of the tunnel is to a large extent without the presence
of water.

From chainage km 0.610 to km 0.970 (the EP), the tunnel will be driven
through an up to 30m thick layer of claystone. The composition of this clays-
tone layer is homogeneous. It consists of grey and dark-grey claystone, disin-
tegrating perpendicularly to the core axis. Transition to siltstone or fine-gra-
ined sandstone is exceptional. In terms of the degree of weathering, the rocks
found inside the tunnel tube profile are only slightly weathered (W2) to
sound (W1); closer to the eastern portal, owing to the smaller height of the
overburden, they are heavily weathered (W4, 65%), moderately weathered
(W3, 13%) and slightly weathered (W2) to sound (W1) with the proportion
of 22%. The rock disintegration in terms of the RQD is 40 — 90% for clays-
tone (70% on average); it diminishes to 0 — 70% with the diminishing height
of the overburden. This parameter shows a downward trend in the further
direction toward the eastern portal (estimated for 20 — 30%). With respect to
the lower rigidity compared to sandstone, closer spacing (60 — 200mm) of
tectonic fissures having the same spatial orientation to the centre line of the
tunnel tubes is expected. The spacing of bedding surfaces is significantly clo-
ser (2 —60mm). It follows from the above-mentioned facts that platy to poly-
hedral blocks of small (60 — 200mm) to very small dimensions (< 60 mm)
will originate in the claystone. In terms of the strength rating, the claystones
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Obr. 4 Postup razenia a vystrojovacie prvky (Amberg Engineering Slovakia, s.r. 0.)
1) injektované zavitavacie kotvy dl. 8 m, 2) kotvy hydraulicky upinatelhé dl.
4 m a 6 m, resp. injektované zavitavacie di.4 m, 3) ihly di.4m O R25 4) prie

hradové oceloyé nosniky, 5) stabilizacnd vrstva 0-50 mm striekaného betonu
na Celbe, 6) diZka zdberu v kalote 0,8-1,7 m,7) di%ka zdberu v stupni 1,6-3 4
m, 8) prehlbovanie dna

Fig. 4 Excavation sequences and support elements (Amberg Engineering
Slovakia, s. r. 0.)

1) groutable self-drilling anchors 8 m, 2) water expanded rock bolts 4m and
6m or groutable self-drilling anchors 4m , 3) spiles 4 m @ R25 4) lattice gir-
ders, 5) stabilisation layer 0 — 50 mm of shotcrete on the face, 6) top heading
advance length 0.8 — 1.7 m, 7) bench advance length 1.6 — 3.4 m, 8) deepe-
ning of the bottom.

Navrhnutd dizka zdberu v kalote je v zdvislosti od vystrojovacej triedy
1,3-1,7m, 1,0-1,3 m a 0,8-1,0 m. Vystrojenie vyrubu bolo zoptimalizované
podla zatriedenia do vystrojovacich tried v zmysle TP 06-1/2006
Vystr0]ovac1e tnedy Cast'1: Cykhcke razenie.

V rdmci razenia kaloty, resp. stupria musi byt'v provizérnom dne zabezpe-
¢ené odvddzanie pouzitej technologickej vody a pripadnych priesakovych
vdd, a to pomocou odvodriovacej ryhy a Cerpania vody von z tunela do sedi-
menta¢nych nddrzi umiestnenych na stavebnom dvore zdpadného portalu.

Z bilan¢nej tabulky mozno konstatovat, Ze z celkového mnoZstva riibani-
ny 133 350 m3 z oboch tunelovych rdr je mozné vyuzZit'do ndsypov a zasypov
bez dpravy 126 000 m3 vytaZzeného materidlu, Co predstavuje 94,49 %.

SEKUNDARNE OSTENIE

Sekunddrne ostenie razeného tunela je navrhnuté z prostého beténu.
VystuZené sekundérne ostenie maJu bloky predurcené statickym vypoctom
na styku hibeného tunela s razenym, dalej bloky s vyklenkami a so zarodka-
mi priecnych prepojeni. Sekundarne ostenie bude postupne beténované po
blokoch pomocou posuvného debnenia. Blok sekundédrneho ostenia tvorf
jeden pracovny a dilatacny celok. Dlzka jedného dilata¢ného celku bude
10 m v lici kratsej strany bloku (resp. 9,98 m pri uvazovani dilatacnej vloz-
ky hribky 20 mm). VSetky dilatatné a pracovné $kdry budi vybavené von-
kajs$imi pryZovymi tesniacimi pasmi. Tvar §kdr v lici ostenia bude mat’licho-
beznikovy tvar zhotoveny pomocou gumového profilu vloZzeného do debne-
nia. V pracovnych Skdrach medzi zdkladovym pasom a klenbou budu osade-
né napuciavacie Skdrové pasy vo vzdialenosti min. 80 mm od rubu ostenia.
Minimélna hrlibka sekundémeho ostenia je 350 mm, smerom k zeikladov;’Im
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are assessed as being the medium degree R3; closer to the eastern portal as
the low degree of strength R4 and, at the portal as the low degree R4 to extre-
mely low R6. Laboratory tests of claystone for unconfined compression
strength show the values of 16 — 20MPa, which is a confirmation of the cate-
gorisation as class R3 with transition to R4. The point load strength (PLT) is
18.3 MPa. The rock environment at the level of the tunnel bottom is water-
bearing, with the anticipated inflow rate up to 0.5 I/s.

TUNNEL EXCAVATION AND EXCAVATION SUPPORT

The structure of the mined tunnel tubes consists of a double-shell lining
(primary and secondary) with an intermediate drainage and protection layer
and a waterproofing membrane (See Fig. 3). The shape of the structure is
designed to be suitable for cyclic excavation. Theoretical dimensions of the
excavated cross section (for a 200mm thick primary lining) are as follows:
maximum height of 9497mm, maximum width of 13,427mm and cross sec-
tional area of 105.34 m2.

A cyclic process with the top heading, bench and invert sequences is desig-
ned for the Sibenik tunnel excavation. With respect to the geological condi-
tions, two excavation techniques are proposed, i.e. the drill-and-blast and the
application of a tunnel excavator. The use of a cutter boom can be counted
with as an alternative.

The uniform thickness of the primary lining of 200mm is designed for the
whole tunnel length (with the exception of a section to be driven using
a protective umbrella) on the basis of the stresses determined by a structural
analysis of the cross sections. The role of the primary lining is taken into
account even in the carrying of rock pressures during the tunnel life. The pri-
mary lining share is 30% of the load. The primary lining consists of shotcre-
te, steel mesh, lattice girders and rock bolts. Friction bolts 4m and 6m long,
expanded by pressurised water, or self-drilling grouted anchors are designed.
The support elements to be used are presented in Fig. 4. The excavation sup-
port class for the portal section is designed to contain a protective canopy of
15 (18)m long, grouted self-drilling rods. The full thickness of the primary
lining will be sprayed in three layers. The advance length designed for the top
heading is, depending on the excavation support class, 1.3 -1.7m, 1.0 — 1.3m
and 0.8 — 1.0m. The excavation support was optimised according to the exca-
vation support classes, in the meaning of the specifications TP 06-1/2006
Excavation Support Classes, Part 1: Cyclic Excavation.

During the top heading or bench excavation, it is necessary to secure the
drainage of process water or contingent percolation water from the tempora-
ry bottom by means of drainage ditches. Water will be pumped from the tun-
nel to sedimentation tanks, which will be located within the construction yard
at the western portal.

It is possible to find in the mass-haul table that it will be possible to use
126,000m3 of the muck of the total volume of 133,350m3 obtained from both
tubes (94.49%) for embankments and backfills without any treatment.

SECONDARY LINING

The secondary lining of the mined tunnel will be in unreinforced concre-
te. Reinforced concrete secondary lining will be in the blocks which are
determined by the structural analysis, i.e. the blocks which are at the contact
of the cut-and-cover tunnel and mined tunnel, the blocks containing recesses
and blocks containing germs of cross passages. The secondary lining will be
cast, block by block, using a tunnel form traveller. A secondary lining block
forms one working and expansion unit. The expansion block will be 10m
long (measured on the face of the shorter side of the block, which is curved
in the ground plan), or 9.98m when the 20mm thick expansion strip is taken
into account. All expansion joints and day joints will be provided with exter-
nal rubber waterstop bands. The joints will have a trapezoidal profile on the
inner face of the lining, which will be achieved by means of a rubber gasket,
inserted to the formwork. Hydrophylic waterbars will be installed in the day
joints between the footing and the vault, at a minimum distance of 80mm
from the outer surface of the lining. The minimum thickness of the seconda-
ry lining is 350mm; the thickness of the lining increases towards the footing.
Cable conduits and boxes will be cast into the secondary lining. The coating
which will be used for the finishing of the lining must meet requirements for
water resistance, vapour permeability and washability. The roadway and
walkways will have the natural concrete colour. The design of shapes of the
finish hardware which are shown in Fig. 5 is accentuated by respective sig-
nal paints. The secondary lining is in conformance with the R — 90/D1 fire
safety criterion. With respect to the need to meet this criterion, the concrete
formulae must also be prescribed for which it will be proved on the basis of
a fire resistance test that the fire resistance of the designed unreinforced conc-
rete lining and the resistance of the concrete cover/surface layer to spalling
meet the requirements.
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kéblové chréniCky a krabice. Ako povrchovd dprava ostenia budd pouZité

ndtery, ktoré musia spliat’ kritéria na vodoodolnost, paropriepustnost’

a umyvatelnost. Vozovka a chodniky budd mat prirodzend farbu beténu.
Tvarové rieSenie kompletizacnych prvkov uvedené na obr. 5 je akcentované
prislusnymi signdlnymi farbami. Sekundérne ostenie spliia kritérium poZiar-
nej odolnosti R-90/D1. S ohladom na splnenie tohto kritéria sa musi predpi-
sat’ také zloZenie beténovej zmesi, pre ktoré sa potvrdi jednak pozadovand

poziarna odolnost’ navrhnutého monolitického ostenia a jednak odolnost’

beténovej krycej, resp. povrchovej vrstvy voci odpraskdvaniu na zdklade
vykonania skusky poZiarnej odolnosti.

VOZOVKA A NUDZOVE CHODNIKY

Navrhnutd je konstrukcia vozovky s cementobeténovym krytom so sklad-
bou a dimenziami:

dvojvrstvovy cementobeténovy kryt CB I .......cocceevivviienenne 170/80 mm,
obalované kamenivo strednozrnné OKS I, ........ccccceevievirirvernenennnns 50 mm,
infiltracny postrek 1,0 kg/m?2 PI,

cementova stabilizacia SC L ........ccooveveveveerereieeeeceeeeeeeeene 180 mm,
Strkodrvina 0-32, 063 (20 + 150 mm),.......cccccoevevererevererererernnns 270 mm.

Rozmery cementobeténovych dosiek vyplyvaju zo Sfrkového usporiadania
dialhice v tuneli. PozdlZna Skdra je navrhovand 100 mm od osi smerového
pasa smerom k zvislej osi tunelovej riry. Z uvedeného vyplyvaji nasledovné
Sirky vozovkovych dosiek: JTR-3890 mm +4700 mm; STR-4690 mm
+ 3900 mm. Zakladnd dizka CB dosiek j je 5 m. Priecne skdry CB dosiek
v tuneli s uvazované vzdy v miestach dilatacnych $kdr blokov sekunddrne-
ho ostenia, resp. klenbovej nosnej konstrukcie (kazdych 10 m). Priecne
a pozdlzne Skdry v CB doskdch sa budd robit rezanim. Zdkladny rez je Siro-
ky 3 mm do hlbky 70 mm (priecna Skdra) a 80 mm (pozdlZna Skdra). Na kon-
coch tunelovych rdr a na styku CB krytu s asfaltovou vozovkou sa urobia
pracovné Skdry, ktoré maju funkciu dilatatnych Skdr. Okrem pracovnych Skdr
budi vsetky priecne a pozdlzne Skdry vystuzené. V miestach prie¢nych Skér
sa poCas beténovania budi zatlicat tine a v miestach pozdlznych Skér kotvy.
Klzny tii md priemer 24 mm, dlzku 500 mm, na povrchu je plastovy povlak.
Zdkladnd vzdialenost tifiov bude 250 mm. Nidzové chodniky po oboch stra-
nach vozovky maju Sirku 1 m. Pozostdvaju z beténovych blokov pre uloze-
nie Strbinovych Zlabov a obrubnikov, z obeténovanych kablovych chrénici-
ek, z obrubnikov, z kdblovych S$acht a ich sicasti a z beténového krytu.

HYDROIZOLACIA A ODVODNENIE TUNELA

Ochrana tunela proti podzemnej vode je rieSend otvorenym systémom
hydroizoldcie. Navrhnutd je plosnd féliova hydroizoldcia hribky 2 mm na
bédze PE alebo PVC, resp. polyolefinu. Félia bude mechanicky kotvend do
primdrneho ostenia. Drendznu a ochranni funkciu bude plnit’ geotextilia
s plosnou hmotnostbu 500 g/m?. Voda zachytend hydroizoldciou je zvedend
drendznou vrstvou do pozdlznych drendznych potrubi v trovni piet opor.
V skdrach medzi blokmi sekunddrneho ostenia budi na pasy hydroizolacnej
félie natavené dilatacné Skdrové pdsy, ktoré budi vybavené systémom pre
dodato¢nu injektdz. V blizkosti dilata¢nych Skdr budi v sekunddrnom osten{
osaden€ injektdZne krabice pre dodatocni injektaZ v pripade vyskytu priesa-
kov. Priesakovd voda z horninového masivu bude po celej dlzke tunela
zachytdvand drendznymi potrubiami, pricom kazdych 50 m bude zvedena
transportnymi potrubiami do zbernej Sachty a ndsledne do zberaca priesako-
vych vod. Zbera¢ priesakovych vod, ktory bude zdroven sliZit ako drendz
vozovkovej pldne, bude v predportdlovych oblastiach vyidstovat' do dialnic-
nych priekop.

Tuel

ROADWAY AND EMERGENCY WALKWAYS

The structure of the concrete pavement type of the roadway which was
designed will comprise :

two-course concrete pavement CB I, .....ccccooeevnncccnnenee 170/80 mm,

medium-grained coated aggregate OKS I, .......ccocvvevvcrnvcrniennee 50 mm,

prime coat 1.0 kg/m? PI,

cement stabilisation SC I, ..o

crushed gravel 0-32, 0-63 (20+150 mm),

The dimensions of concrete slabs follow from the width arrangement of
the motorway inside the tunnel. The longitudinal joint is designed to be
100mm from the axis of the carriageway, in the direction toward the vertical
axis of the tunnel tube. The following width of the pavement slabs follow
from the above-mentioned system: STT - 3890 mm + 4700 mm; NTT -
4690 mm + 3900 mm. The basic width of the concrete slabs is Sm. Transverse
joints between the concrete slabs inside the tunnel will always be in the loca-
tions corresponding to the joints between expansion blocks of the secondary
lining, or blocks of the vault structure (every 10m). The transverse and longi-
tudinal joints between concrete pavement slabs will be carried out by cutting.
A basic cut is 3mm wide and 70mm deep (a transverse cut) or 80mm deep (a
longitudinal joint). Construction joints having the function of expansion joints
will be carried out at the ends of the tunnel tubes, at the contact between the
concrete pavement and asphalt pavement. With the exception of construction
joints, all transverse and longitudinal joints will be reinforced, using dowels,
which will be pressed into transverse joints during the concrete casting pro-
cess, or anchors, which will be installed in longitudinal joints. A slipping
dowel is 24mm in diameter, 500mm long and is coated with plastic. The basic
spacing of the dowels will be 250mm. The emergency walkways on both sides
of the roadway are 1.0m wide. They consist of concrete blocks for the place-
ment of slotted troughs and kerbs, cable ducts encased in concrete, kerbs,
cable manholes and their components and concrete pavement.

TUNNEL WATERPROOFING AND DRAINAGE

An open waterproofing system is designed for the protection of the tunnel
against ground water. A PE, PVC or polyolefine-based waterproofing mem-
brane 2mm thick is designed. The membrane will be mechanically anchored
to the primary lining. The drainage and protective function will be dischar-
ged by 500g/m? geotextile. The water which is stopped by the waterproofing
barrier is directed through the drainage layer to the longitudinal drains laid at
the footing level. Waterstop bands will be welded to the waterproofing mem-
brane sheets over the joints between the blocks of the secondary lining; the
waterstops will be provided with a system allowing additional grouting.
Boxes containing outlets of grouting hoses for the additional grouting in the
case of seepage will be embedded in the secondary lining, near the expansi-
on joints. The water which will seep from the rock massif will be collected
by longitudinal drains running throughout the tunnel length and will be diver-
ted every 50m, through transport pipelines and collecting shafts, to a seepage
collecting duct. The seepage collecting duct, which will, at the same time,
function as drain for the road bed, will end in front of the portals, where it
will be connected to a motorway ditch.

Circular-profile perforated PVC drainage pipes DN 200 or DN 160 are
designed for the installation in the tunnel tubes. The placement of the DN 200
drainage on the footing, in an infill concrete bed, is designed for the mined
tunnel. The drainage pipes will be encased in porous concrete. For cut-and-
cover tunnels, the placement of DN 200 drains running along the footing in
a porous concrete bed is designed. The drainage pipes will be backfilled with

Obr. 5 Uprava sekunddrneho ostenia a tvaro-
vé rieSenie kompletizacnych prvkov niidzové-
ho vychodu (Amberg Engineering Slovakia,
s.r.0.)

1) dopravné znacky D70a, b, 2) niidzové
osvetlenie—neonové flourescentné svietidlo,
3) znacka pre niidzovy vychod, 4) poZiarne
niidzové osvetlenie, 5) oznacenie niidzového
vychodu, 6) graficky symbol niidzového
vychodu, 7) poZiarne niidzové osvetlenie

Fig. 5 Secondary lining design and design of
shapes of finish hardware of an emergency
exit (Amberg Engineering Slovakia, s. r. 0.)

1) traffic signs D70a, b, 2) emergency lighting
— neon fluorescent lighting fixture, 3) emer-
gency exit sign, 4) fire emergency lighting,
5) emergency exit marking, 6) graphical symbol

for emergency exit, 7) fire emergency lighting
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Obr. 6 Rozmiestnenie bezpecnostnych stavebnych prvkov (Amberg Engineering Slovakia, s. r. 0.)

1) konstrukcia tunela, 2) vzdialenosti niidzovych vychodov, 3) vzdialenosti SOS vyklenkov s hydrantom

Fig. 6 Lay-out of structural safety elements (Amberg Engineering Slovakia, s.r.o0.)

1) tunnel structure, 2) intervals between emergency exits, 3) intervals between SOS niches containing hydrants.

V tunelovych rirach st navrhnuté drendZne perforované potrubia z PVC
kruhového prierezu DN 200, resp. DN 160. V razenom tuneli je navrhované
uloZenie drenaZnych potrubi DN 200 na zékladovy pds do beténového 16Zka
z vypliiového beténu. DrendZne potrubia budi obeténované drendznym med-
zerovitym beténom. V hlbenych tunelovych riirach je navrhované uloZenie
drendzneho potrubia DN 200 pozdlz zdkladového pasu do beténového 16zka
z vypliového beténu. DrendZne potrubia budd obsypané Strkodrvinou frak-
cie 16-32 mm. Na rozhrani beténového 16Zka a Strkodrviny bude uloZend
drendZna geotextilia s plo§nou hmotnostou 200 g/m2. V prie¢nych prepoje-
niach s navrhnuté drendzne perforované potrubia z PVC kruhového priere-
zu DN 160, resp. DN 100. Funkciu hlavného zberaca priesakovych vod
a zdroven funkciu drendZe vozovkovej plane bude plnit PVC potrubie DN
400. V razenych aj v hlbenych tsekoch bude potrubie v hornej Casti perforo-
vané v rozpiti 116°. UloZené bude v oboch rdrach pod vozovkou do vypliio-
vého beténu. Potrubie bude obeténované drendZznym medzerovitym betd-
nom. Spravidla na zaciatku drenaZnych potrubi hlbeného tunela, v prie¢nych
prepojeniach a v technologickej centrdle s navrhované Cistiace hrdld, prost-
rednictvom ktorgch bude mozné realizovat ddrzbu drendznych potrubi. Cis-
tiace hrdld budd tvorené sdistavou PVC potrubi rovnakych rozmerov ako
odpovedajice drendZne potrubie. Do drendZznych potrubi budd vyustené pod
uhlom 45°. Ukoncené budud uzdverom.

TECHNOLOGICKA CENTRALA A KOLEKTOR

Technologicka centrdla je situovand pri vychodnom portdli severnej tune-
lovej ridry. Pri objekte sa nachddza komunikacnd anténa. Budova sa pripdja
vstupom k severnej tunelovej rire a kdblovou Sachtou ku kolektoru. Pristup
do TC je rieseny po spevnenej ploche z vychodnej strany objektu, ktord je pri-
stupnd z dialhice D1 Janovce—Jablonov. Okolie objektu je zatrdvnené. Objekt
bude z Casti zasypany. Jednotlivé priestory TC tvoria rozvodne pre EPS, CRS,
rddio, osvetlenie, pre NN (UPS, RUPS), pre VN, strojoviia dieselgenerdtora,
vzduchotechniky, riadiace centrum a sklad. Pod chodbou objektu je technolo-
gickd chodba (pre vedenie kdblov) so svetlou vySkou 2,2 m, z ktorej je cez
kéblovii Sachtu vstup do kolektora. Kolektor je uzavretd Zelezobeténova kon-
Strukcia obdlZnikového prierezu so svetlymi rozmermi 2100 x 1500 mm
a hribkou stien 400 mm. V technologickej chodbe st umiestnené rosty pre
vedenie kdblov. Vchod do technologickej chodby je rieSeny cez protipoZiarne
poklopy v podlahe. Cast'objektu pod rozvodiiami pre EPS, CRS, rddio, osvet-
lenie, pre NN, VN a riadiace centrum md zdvojenu podlahu vysky 1,1 m.
Strojovna dieselgenerdtora md zvysent svetld vysku na 4 m.

BEZPECNOST A VYBAVENIE TUNELA

Tunel je navrhnuty tak, aby splial bezpecnostné poziadavky v zmysle
Nariadenia vlddy SR ¢. 344/2006 o minimdlnych bezpecnostnych poziadav-
kach na tunely v cestnej sieti a TP 04/2006 PoZiarna bezpecnost’ cestnych
tunelov. Vybavenie tunela pozostdva z bezpecnostnych stavebnych prvkov
(obr. 6), poziarneho vodovodu a technologického vybavenia tunela.
Bezpetnostné stavebné prvky v tuneli Sibenik zahffiaju:

o ntidzové pruhy Sirky 1,25 m v kazdej tunelove;j rtre,

e obojstranné nidzové chodniky Sirky 1 m v kazdej tunelovej rtre,

e 2 priecne prepojenia, ktoré su sti¢astou tinikovych ciest z jednej tunelo-

vej riry do druhej,

o 4 zdruzené SOS vyklenky s hydrantmi v kazdej tunelovej rre.

V tuneli Sibenik nie sd navrhnuté prejazdné prieéne prepojenia, ktoré by
mohli sliZit'na zasah pohyblivymi technickymi prostriedkami — malej mobil-
nej zdsahovej techniky, a to vzhladom na to, Ze podla vyjadrenia HaZZ sa pri

16 — 32mm grain-size crushed gravel. Drainage geotextile 200 g/m? will be
placed on the interface between the porous concrete bed and crushed gravel.
Circular-profile perforated PVC drainage pipes DN 160 or DN 100 are desig-
ned for the transverse connections. The function of the main collector of per-
colation water and, at the same time, of the road bed drainage will be dis-
charged by DN 400mm PVC pipes. The drainage pipes used for both the
mined and cut-and-cover sections will be perforated in the upper part, within
a section corresponding to the central angle of 116°. It will be laid in both
tubes under the roadway, in non-structural concrete. The pipes will be enca-
sed in porous concrete. The installation of drain shoes allowing the mainte-
nance of drainage pipes is designed, with the drain shoes located usually at
the beginning of the cut-and-cover tunnel drainage pipelines, in the transver-
se connecting pipelines and in the equipment control building. A drain shoe
will consist of a set of PVC pipes of the dimensions identical with the dimen-
sions of the respective drain. It will be connected to the drain at an angle of
45°. It will be terminated by a cap.

EQUIPMENT CONTROL BUILDING AND UTILITY TUNNEL

The equipment control building is located at the eastern portal of the nort-
hern tunnel tube. There is a communications antenna next to the building.
The building is connected through an entrance to the northern tunnel tube and
through a cable shaft to the utility tunnel. The access to the equipment con-
trol building is from a hard surfaced area on the eastern side of the building,
which is accessible from the D1 Jdnovce - Jablonov motorway. The area sur-
rounding the building is covered with grass. The building will be partly cove-
red with earth. The equipment control building comprises switch rooms for
the fire alarm and detection system (FADS), central control system (CCS),
wireless, lighting, LW (UPS, RUPS), HW, a Diesel generator room, ventila-
tion, a control centre and warehouse. Under the corridor in the building, there
is an equipment corridor (for the installation of cables) with a clear height of
2.2m; the entry to the utility tunnel is from this corridor, through the cable
shaft. The utility tunnel is a closed, reinforced concrete frame with
a rectangular cross section, with the dimensions of 2100 x 1500mm and the
walls 400mm thick. There are cable racks installed in the utility tunnel. The
entry to the utility tunnel is through fire-check access doors in the floor. Part
of the building under the switch rooms for the FADS, CCS, wireless, lighting,
LW, HW and the control centre is provided with a 1.1m high elevated floor.
The net height of the Diesel generator room is increased to 4.0m.

SAFETY IN THE TUNNEL AND TUNNEL EQUIPMENT

The tunnel design meets safety requirements in the meaning of the Decree
No. 344/2006 of the Government of the Slovak Republic on minimum safe-
ty requirements for tunnels on the road network and the Specifications TP
04/2006 Fire safety in road tunnels. The tunnel equipment consists of struc-
tural safety elements (see Fig. 6), a hydrant line and tunnel service equip-
ment. The structural safety elements in the Sibenik tunnel comprise:

e emergency lanes 1.25m wide in each tunnel tube,

e emergency walkways 1.0m wide on both sides of each tunnel tube,

e 2 cross passages, which are parts of escape routes from one tunnel tube

to the other one,

e 4 combined SOS niches with hydrants in each tunnel tube.

No cross passages for vehicles are designed for the tunnel which could be
used for an intervention by mobile equipment — small intervention equip-
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Obr. 7 ZdruZeny SOS vyklenok s hydrantom (Amberg Engineering Slovakia, s. r. 0.)
Fig. 7 Combined SOS niche with a hydrant (Amberg Engineering Slovakia, s.r. 0.)

zdsahu v tuneli Sibenik neuvazuje s pouZitim malej mobilnej zdsahovej tech-
niky.

Vzhladom na rovnaké poZadované vzdjomné vzdialenosti medzi SOS
kabinami a hydrantmi boli navrhnuté zdruzené SOS vyklenky s hydrantmi
vzdy vpravo v smere jazdy. Podorysné rozmery vSetkych SOS vyklenkov si
zhodné a su: 2200 x 1680 mm (obr. 7). To znamend, Ze bude realizovany
vyklenok aj v primdrnom osteni. Svetld vyska vyklenku je 2300 mm.
Pddorysnd plocha SOS kabiny md nepravidelny tvar vzhladom na umiestne-
nie hydrantu pred deliacou prieckou SOS kabiny. Podlaha vyklenku je vyvy-
$end nad hranu chodnika min. o 50 mm a pred SOS kabinou je vyspadova-
nd v priecnom sklone 2 % k nidzovému chodniku. Deliaca priecka medzi
SOS kabinou a priestorom tunelove;j riry je zo Zelezobeténu hribky 120 mm
a rovnakych vlastnosti ako sekunddrne ostenie.

Potrubie poziarneho vodovodu slizi na rozvod poziarnej vody v tuneli.
V zdpadnej armattirnej Sachte sa potrubie rozdeluje na dve vetvy a vo
vychodnej armatirnej Sachte sa potrubie spdja. Pre zabezpecenie vodovod-
ného potrubia v zimnom obdobf proti zamfzaniu je navrhnuté vyhrievanie
oboch vetiev poziarneho vodovodu elektrickym kdblom po celej dlzke.
Poziarne hydranty v priestore tunela budd osadené v SOS vyklenkoch.
Poziarne hydranty pred portdlmi tunela budi osadené samostatne v blizkosti
ndstupnych ploch.

Technologické vybavenie tunela zahia zdsobovanie tunela elektrickou
energiou, centrdlny riadiaci systém, riadenie dopravy, monitorovaci systém,
komunikacny systém, vetranie tunela a osvetlenie tunela. Zdsobovanie tune-
la elektrickou energiou bude z existujicej linky ¢. VN 202 vzdialenej cca
200 m od vychodného portdlu tunela. Vsadenym odbotnym stoZiarom
z predpitého beténu bude vedend pripojka dlzky cca 160 m.

Riadenie dopravy riesi premenné dopravné znacenie a znacky, trvalé
dopravné znacenie v tuneli, zdvory, vodorovné dopravné znacenie a svetelné
signalizacné zariadenia.

Monitorovaci systém tunela pozostdva z merania fyzikdlnych veli¢in,
elektrickej poziarnej signalizdcie, videodohladu s videodetekciou
a elektronickej zabezpecovacej signalizdcie.

Komunikacny systém tvoria SOS telefony v SOS kabinach, radiové spoje-
nie v tunelovych rdrach pre zachranné zlozky a tidrzbu NDS, a. s., Sirenie radi-
ového vysielania na FM frekvencii 92,2 MHz, tunelovy rozhlas a pokrytie
kaZdej Casti tunela GSM signdlom vSetkych mobilnych operatorov.

Pozdlzny vetraci systém v tuneli Sibenik pozostdva spolu z 12 pridovych
ventildtorov (6 dvojic) priemeru 1250 mm, prietoku Qsy = 25,6 m3/s a taznej
sile 900 N.

ZAVER

Zaciatkom roka 2008 sa na Slovensku rozbehol proces pripravy dialhi¢-
nych projektov formou verejno-sikromného partnerstva (PPP). Dlzka pldno-
vanych dialhi¢nych dsekov cez tieto projekty je 151 km. Usek dialnice D1
Jénovce — Jablonov bol zaradeny do prvého tendra PPP na vystavbu
a prevddzku vybranych dialni¢nych dsekov pri Ziline a Prefove s dlzkou
74,84 km. My, ktor{ sme s uvedenym projektom tzko spiti, verime, Ze ten-
der na ziskanie koncesie sa tspeSne dokoncf a sek dialnice D1 Jénovee —
Jablonov s tunelom Sibenik (obr. 8) sa o najskdr zacne realizovat.

ING. MARTIN BAKOS, Ph.D., mbakos@amberg sk,
AMBERG ENGINEERING SLOVAKIA, s.r. 0.
Recenzoval: Ing. Miloslav Frankovsky

TuoufHel

ment. The reason is the opinion of the Fire Rescue Service that the use of
small mobile intervention equipment is not expected.

Combined SOS niches with hydrants were designed, with respect to the fact
that the required intervals between SOS cabins and between hydrants are iden-
tical; the niches are always on the right-hand side (in the direction of travel).
The ground-plan dimensions of all SOS niches are identical, i.e. 2200 x
1680 mm (see Fig. 7). It means that each niche will be even built in the prima-
ry lining. The net height of the niche is 2300mm. The shape of the SOS cabin
floor is irregular with respect to the installation of the hydrant in front of the
partition wall in the SOS cabin. The floor of the niche is elevated above the
walkway edge at least by 50mm and, in front of the SOS cabin; it is on
a transverse gradient of 2% falling toward the emergency walkway. The rein-
forced concrete partition wall between the SOS cabin and the tunnel tube space
is 120mm thick; its properties are identical with those of the secondary lining.

The hydrant line distributes hydrant water in the tunnel. The pipeline is split
into two branches in the western valve shaft, whereas the two branches are joi-
ned in the eastern valve shaft. The pipelines will be protected in winter sea-
sons against freezing throughout their lengths by means of electric trace hea-
ting. Fire hydrants will be installed in SOS niches in the tunnel. Pre-portal fire
hydrants will be installed separately, close to areas designed for the mustering
of rescue units.

The tunnel equipment comprises a power supply system, central control
system, traffic control system, monitoring system, communications system,
tunnel ventilation and tunnel lighting. The tunnel will be supplied with power
from the existing line No. HW 202, which is found at a distance of about
200m from the eastern portal of the tunnel. The connection line, which will
begin at a branch tower, will be about 160m long.

The traffic control will be carried out by means of variable road signalling
and traffic signs, permanent road signalling inside the tunnel, barriers, road
marking and traffic light signals.

The tunnel monitoring system comprises measurements of physical quan-
tities, the fire alarm and detection system, video surveillance with video
detection and electrical protection signalling system.

The communications system consists of SOS telephones in SOS cabins,
wireless communication in tunnel tubes for rescue units and NDS,
a.s. maintenance crews, radio broadcasting on 92.2 MHz FM frequency, pub-
lic address and coverage of each part of the tunnel by GSM signals of all
mobile operators.

The longitudinal ventilation system in the Sibenik tunnel consists of 12 jet
fans (6 pairs) 1250mm in diameter, a flow rate Q = 25.6 m3/s and drawing
force of 900N.

CONCLUSION

The beginning of 2008 in Slovakia saw the start of the process of planning
of motorway construction projects in the PPP form. The length of the plan-
ned motorway sections to be implemented through the PPP system is 151km.
The Janovce — Jablonov section of the D1 motorway was incorporated into
the first PPP tender proceedings for the construction and operation of selec-
ted motorway sections near Zilina and PreSov, at a length of 74.84km. We,
adherents of the above project, believe that the tender proceedings for the
concession will be successfully finalised and the construction of the Janovce
— Jablonov section of the D1 motorway, together with the Sibenik tunnel (see
Fig. 8), will commence as soon as possible.

ING. MARTIN BAKOS, Ph.D., mbakos@amberg sk,
AMBERG ENGINEERING SLOVAKIA, s.r. 0.

| Zapadny portal / Western portal
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Obr. 8 Zdpadny portdl tunela Sibenik (Amberg Engineering Slovakia, s.r. 0.)
Fig. 8 Western portal of the Sibenik tunnel (Amberg Engineering Slovakia, s.r. 0.)
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VLIV DYNAMICKYCH UCINKU TRAMVAJOVE DOPRAVY
NA OSTENI KOLEKTORU
DYNAMIC EFFECTS OF TRAFFIC IN THE CALCULATION OF LOADS
ACTING ON A UTILITY TUNNEL

ROMAN MAREK, BARBARA LUNACKOVA, JOSEF ALDORF

1. UVOD

Zohlednit dynamické dcinky povrchové dopravy na osténi kolektoru je
nesnadnym tikolem. V praktickych feSenich se nejcastéji tyto d¢inky zane-
dbévaji nebo se zohlednuji pomoci ruznych, méné ¢i vice redlnych dynamic-
kych koeficientd majicich charakter sou€initelt zatiZzeni. Cilem prispévku,
vychdzejictho ze zpracované modelovaci studie, je ovérit vliv dynamickych
G¢inkl a redlnost alternativnich dynamickych koeficientd, jejich velikost
a zpUsob pouyiti pri stanovovani celkového zatiZeni osténi kolektoru.

Na zdkladé méfeni dynamickych veli¢in od tramvajové dopravy v in situ
byl vytvofen matematicky model v programovém systému Plaxis 2D dis-
ponujicim vypoctovym dynamickym modulem, ktery umoZnuje reSeni
dynamickych tloh pomoci MKP.

2. MODELOVY PRIPAD

Konkrétnim vySetfovanym piipadem byla odezva tramvajové dopravy na
kolektor ,,Centrum* v Ostravé — zdkladni geometrie viz obr. 1. Tramvajovy
vuz, jehoz dynamické G¢inky byly zaznamendvany registraéni aparaturou
GCR-16 (Kaldb et al., 2007), byl typu ASTRA 10.08, coZ je Ctyrndpravovd,
nizkopodlaZni tramvaj o celkové hmotnosti 24 200 kg — viz obr. 2.

3. NUMERICKY MODEL

Osove symetricky, numericky model byl vytvoren v programovém
systému Plaxis 2D (MKP), ktery umoZiiuje simulovat dynamické pusobe-
ni vn¢jsiho zatiZeni.

Vrstevnaté zeminové prostiedi odpovidd charakteristické geologii pro
dané tdzemi. Fyzikdlni a mechanické vlastnosti zemin spolu s mocnostmi
jednotlivych vrstev jsou v tab. 1. Vliv podzemni vody nenf, z davodu &ds-
te¢ného zjednoduseni, uvazovan.

Geometrie osové symetrického modelu, ktery umoznuje zanedbani
materidlovych parametru tlumeni, odpovidd konkrétnimu mistu méfeni
dynamickych G¢inkt projizdéjici tramvaje. V bezprostiedni blizkosti kole-
jového loze se nachdzi konstrukce vozovky, dno kolektoru lezi cca 10 m
pod povrchem, nadlozi kolektoru je 6 m. Schéma viz obr. 3.

Zatizeni, podilejici se na velikosti vnitinich sil a momentQ, pomoci kte-
rych nésledné bude vliv dynamickych dinkd vyhodnocovdn, je
v pocdtecni fazi kombinaci statického a dynamického dcinku od tramvaje
a geostatického ucinku zemniho tlaku.

1. INTRODUCTION

The task to take into account dynamic effects of surface traffic acting on
the lining of a utility tunnel is not easy. In practical analyses, these effects are
very often ignored or are allowed for using various, more or less realistic,
dynamic coefficients having the character of loading factors. The objective of
this paper, which is based on a modelling study, is to verify the influence of
dynamic effects and realness of alternative dynamic coefficients, their mag-
nitude and the method of their application in the process of the determinati-
on of the aggregate load acting on the utility tunnel lining.

The mathematical model was developed on the basis of in-situ measure-
ments of dynamic quantities induced by tramway traffic, using the Plaxis 2D
program, which contains a dynamic calculation model allowing dynamic
problems to be solved by the FEM.

2. MODEL CASE

The concrete case which was analysed was the response of the “Centre” uti-
lity tunnel in Ostrava to tram traffic — for the basic geometry see Fig. 1. The
tram car the dynamic effects of which were recorded by a GCR-16 registrati-
on unit (Kaldb et al., 2007) was of the ASTRA 10.08 type, which is a four-
axle, low-floor tramcar with the gross weight of 24.200kg — see Fig. 2.

3. NUMERICAL MODEL

The axial-symmetric numerical model was developed using the Plaxis 2D
(FEM) model, which allows the simulation of dynamic effects of external
loading.

A layered soil environment corresponds to the geology that is characteris-
tic of the given area. The physical and mechanical properties of soils, toget-
her with the thickness of individual layers are presented in Table 1. The influ-
ence of ground water is not taken into consideration for reasons of partial
simplification.

The geometry of the axial-symmetric model which allows the ignoring of
material parameters of damping corresponds to the particular location where
the dynamic effects of the passing tram are measured. There is a roadway
structure in the close vicinity of the rail bed; the bottom of the utility tunnel
is about 10m under the surface; the overburden is 6m high. For the chart see
Fig. 3.

In the initial phase, the loading, which contributes to the magnitude of
internal forces and moments which will be subsequently used for the
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Obr. 1 a 2 Zdkladni geometrie kolektoru (vlevo) a tramvaje (vpravo)

Figures 1 and 2 Basic geometry of the utility tunnel (left side) and the tram (right side)
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Tab. 1 UvaZované zeminové prostredi
Table 1 The soil environment at issue

Nazev / Name Mocnost / Thickness Y

m [kN/m3]
Kolejové loze / Ballast 0,40 20
Navazka (GW) / Fill 2,20 19,5
Stérkopisek (Y) / Gravel-sand 5,20 19,6
(GC) Jily (CL) / Clay - 19,9

Obr. 3 Zdkladni schéma modelu
Fig. 3 Basic model chart

Primdrn{ napjatost je generovdna programovym systémem automaticky
na zédklad¢ vlastnosti uvaZovanych zemin a hloubky uloZeni dila.
Staticky tcinek na bdzi rozndSeci vrstvy byl stanoven ze znalosti maxi-
madlni hmotnosti ¢dste¢né obsazené tramvaje pripadajici na jednu ndpravu
ve velikosti 7000 kg. Z toho zidealizované ndhradn{ spojité statické zati-
Zeni ¢ini maximdlne:
F 70

= 15

A ... plocha pusobent (rozchod tramvaje x 1m) [m?]
F... sila [kN]

v )

Nejslozitéj$im problémem bylo stanovit dynamicky tcinek tramvaje na
zékladé zmefenych dat. Experimentdlni seismickd méfeni probihala ve
dvou fézich, kdy jeden akceleracni senzor byl umistén na okraji pfilehlé
vozovky ve vzdalenosti cca 1,8 m od okraje modelu (bod B), coZ je 1 m
od prilehlé tramvajové kolejnice, druhy senzor byl umistén na osténi ve
vrcholu kolektoru, cca 6 m pod kolejovym svrskem (bod E). Maximdln{
hodnoty zrychleni méfené na povrchu byly ve sméru svislé osy
z a nepiesdhly hodnotu 0463 m.s2. Prevladajici frekvence kmitdni se
pohybovala v rozsahu 42-68 Hz. Na osténi v kolektoru se hodnoty zrych-
leni pohybovaly v desetindch téchto hodnot (Kalab et al., 2007).

Pro potieby matematického modelu vSak bylo nutné zjistit zdrojové veli-
Ciny zrychleni a prislusné prevlddajici frekvence kmitdni projizdejici tram-
vaje. Tyto nezndmé se do vypocta zavedou ve formé silového ucinku od
zrychleni vlivem seismického pusobeni, pifslusnou frekvenci a fazovym
posunem (Lunackovd, 2007). Fizovy posun v tomto piipadé neni uvazo-
vén. Zbyvajici dvé nezndmé vychdzeji z parametrickych vypoctu. Silovy
ucinek na povrchu byl stanoven ve velikosti 3,7 kN tak, aby vypoctené
a naméfené parametry kmitdni na vyztuzi kolektoru byly shodné.

Zdrojova frekvence zrychleni kmitdni byla uvaZovédna f = 40 Hz. Caso-
vy interval odpovidajici dynamickému pusobeni byl

=L 0025
7%

Ovéfeni spravnosti ureni zdrojovych veli¢in bylo u¢inéno srovnanim
naméfenych a vypoctenych hodnot zrychleni kmitani v bodé B a E. Z obr.
4 vyplyvid, Ze v bodé B nepresdhlo maximélni zrychleni ve svislém sméru
hodnotu 0,5 m.s-2. Zdrojové zrychleni kmitén{ v bodé A, ktery se nachaz{
v pusobisti dynamického zatizent, dosghlo émér 0,9 m.s-2. Obr. 5 pak zna-
zorfiyje ttlum zrychlenf kmiténi ve sméru osy z v bodé E, coz fadove také
odpovidd naméfenym hodnotdm.

4. ANALYZA VLIVU DYNAMICKYCH UCINKU

Vypolty a analyza probihaly ve tiech fazich a ve &tyfech riznych hloub-
kéch zaloZen{ kolektoru. V prvni fazi byl sledovan pouze vliv geostatického

=46,67TkN - m™

TuoufHel

Y E c $
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0,25 300000 0 40
04 9000 8 26
0,2 25000 3 315
0,35 18500 14 17

assessment of the dynamic effects, is a combination of static and dynamic
effects of the tram and geostatic effect of the earth pressure.

The primary stresses generated by the program system automatically, on
the basis of the properties of the soils taken into consideration and the depth
of the structure under the surface.

The static effect on the base of the bearing layer was determined using the
knowledge that the maximum weight of a partially occupied tram per one
axle is 7000kg. The idealised equivalent continuous static loading which is
derived from this weight is:

= " = —:ﬂ— =46,6TEN - ™"
A 150
A ... active area (tram gauge X 1m) [m?]
F... force [kN]

The most complex problem was the determination of the dynamic effect
of the tram on the basis of the measured data. Experimental seismic measu-
rements were carried out in two phases, where one acceleration sensor was
located on the edge of an adjacent road, at a distance of about 1.8m from the
edge of the model (point B), which is at a distance of 1m from the adjacent
tram rail; the other sensor was installed on the lining, in the utility tunnel
crown, about 6m below the trackwork structure (point E). The maximum
acceleration values measured on the surface had the direction of the vertical
axis; they did not exceed 0.463m.s2. The dominant vibration frequency ran-
ged from 42-68 Hz. The values of the acceleration measured on the utility
tunnel lining varied, reaching tenths of the above values (Kaldb et al., 2007).

It was, however, necessary for the needs of the mathematical model to
determine the source quantities of the acceleration and respective dominant
frequencies generated by the passing tram. These unknowns will be introdu-
ced into the calculations in the form of the effect of acceleration forces indu-
ced by seismic effects, the respective frequency and phase displacement
(Lundckovd, 2007). The phase displacement is not taken into consideration
in this particular case. The remaining two unknowns result from parametric
calculations. The magnitude of the effect of the forces on the surface was
determined to be 3.7kN so that the calculated and measured parameters of
vibration of the utility tunnel lining were identical.

The source frequency of the vibration acceleration was assumed to be
f =40 Hz. The interval of time corresponding to the dynamic action was

l | -
l=—= =(,025 &
-
The correctness of the determination of the source quantities was verified
by means of a comparison of the measured values and calculated values of the
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Obr. 4 Zavislost zrychleni kmitdni na ase v bodé A a B
Fig. 4 Time — vibration acceleration curves for points A and B
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a statického zatiZen{ na vyvoj vnitfnich sil a momentu v osténi kolektoru, a to
v jeho vrcholu a rohu. V druhé &dsti byl zohlednén i vliv dynamického zati-
Zeni a ve tieti ¢asti byl tento dynamicky t¢inek nahrazen alternativnimi dyna-
mickymi koeficienty. Mocnost nadlozi nad vrcholem kolektoru se pohybo-
vala vrozmezi 1,3,6a9 m.

Vystupy prvni a druhé faze vypoltl jsou shrnuty v tabulce 2. V prvnim
a druhém oddilu jsou vybrany maximalni hodnoty danych veli¢in v daném
misté, v pripadé statického + dynamického zatiZeni jsou to maximélni hod-
noty v ¢ase maximélni odezvy dynamického pusobeni na kolektor. Ve tretim
oddilu je vypotten rozdil absolutnich hodnot z prvni a druhé fize pusobent,

sz

ktery urCuje o kolik dynamické zatiZeni zvysi vnitini sily a momenty ve
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Obr. 5 Zavislost zrychleni kmitdni na éase v bodé E
Fig. 5 Time — vibration acceleration curve for point E

vyztuZi oproti prvnimu zatéZovacimu stavu. D4 se konstatovat, Ze toto navy-
Senf je vzhledem k maximdlnim hodnotdm velice malé (maximdlné v fadech
nékolika desitek aZ stovek N/m resp. Nm/m — viz oddil 3 tab. 2).

Grafickym zobrazenim zdvislosti diferenci hodnot normdlovych sil
a momentt v oddilu 3 na mocnosti nadloZ{ kolektoru dostaneme charakter
Gtlumu dynamické odezvy od tramvaje. Z n¢j vyplyva, Ze v hloubce 9 m je
uZ rozdil jen v fddech maximalné jednotek newtonu, jak miZeme vidét na
obr. 6, coz je prakticky zanedbatelnd velikost.

5. ALTERNATIVNI PRIiSTUP I‘?EsoENI' PROBLEMU POMOCI
DYNAMICKYCH SOUCINITELU

Yy v,

Nejjednodussim piistupem zohlednéni dynamickych d¢inku v praktickych
tilohéch je zaclenéni téchto vlivi do celkového zatiZeni pomoci systému dil-
Cich sou€initell, kdy ndvrhova hodnota vychdzi z charakteristické hodnoty
a pravé téchto soudinitelt. Pro dany pripad lze uvést ndsledujici soucinitele
zohledfiujici vliv dynamického pusobeni na osténi kolektoru vlivem tramva-
jové dopravy: .

* Soucinitel &; podle CSN 73 6203 — tento dynamicky soucinitel vychézi

z normy pro zatiZeni mostu a d4 se alternativné pouZit i pro zatiZeni kolek-
tortl vlivem dopravy a md tvar:

2,16
VL, -0.2
8 =01-(h-0,5)-15

Tab. 2 Pocetni vyhodnoceni prvni a druhé fdaze modelovdni
Table 2 Numerical assessment of the first and second modelling phases

8, =[1+085-(8-1)]-8" kde b = +0,73
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vibration acceleration in points B and E. It follows from Fig. 4 that maximum
vertical acceleration in point B did not exceed 0.5 m.s%. The source vibration
acceleration in point A, which is found in the dynamic load point of action,
reached nearly 0.9 m.s™. Fig. 6 shows the damping of the vibration accelera-
tion in the direction of the z axis, in the point E, which even corresponds, in
the order of magnitude, to the measured values.

4. ANALYSIS OF THE INFLUENCE OF DYNAMIC EFFECTS

The calculations and analysis were carried out in three phases and for four
differing depths of the utility tunnel foundation. In the first phase, the only
subject of the examination was the influence of the geostatic and static loa-
ding on the development of internal forces and moments in the utility tunnel
lining, concretely at its crown and corner. In the second phase, even the influ-
ence of the dynamic load was taken into consideration, whereas this dynamic
effect was substituted by alternative dynamic coefficients in the third phase.
The height of the tunnel overburden varied from 1 through 3 and 6 to 9m.

The outputs of the first and second phases of the calculation are summarised
in Table 2. The first and second section contains maximum values of the given
quantities in the given point; in the case of the static + dynamic loading, these
are the maximum values reached at the moment of maximum response to the
dynamic effect on the utility tunnel. The third section contains the results of the
calculation of the difference between the absolute values obtained during the
first and second phases of the action, which determines how much the dynamic
loading increases the internal forces and moments in the lining compared to the
first loading state. It is possible to state that this increase is very small, conside-
ring the maximum values (in the order of several tens to hundreds of N/m or
Nm/m respectively as a maximum — see Chapter 3, Table 2).

When we plot the dependence of differences between the values of normal
forces and moments contained in section 3 and the height of the utility tun-
nel overburden in a chart, we will obtain the character of the damping of the
dynamic response induced by the tram. It follows from the chart that the dif-
ference at a depth of 9m is in the order of several Newtons as a maximum, as
we can see in Fig. 6, which value is practically negligible.

5. ALTERNATIVE APPROACH TO THE PROBLEM SOLUTION USING
DYNAMIC COEFFICIENTS

The simplest approach to the taking of dynamic effects into consideration
in practical problems is to incorporate the effects into the aggregate load by
means of a system of partial coefficients, where the design value is based on
the characteristic value and the coefficients in question. For the given case, it
is possible to use the following coefficients, which allow for the influence of
dynamic effects on the utility tunnel lining induced by tram traffic:

¢ Coefficient &; according to CSN 73 6203 — this dynamic coefficient is
defined in the standard Action on Bridges and can be alternatively applied to
the loads induced by traffic, acting on utility tunnels. It has the following form:

3
216 0T

& =1+ 085 (8= 1)=& . where & =
WL, =02

& =00 (h =05} 1.5, where

Lq ... equivalent length of the load-bearing structure (the width the utility
tunnel) [m]

h ... the height of the overburden [m]

After the putting into the formula, this coefficient will assume the values
which are presented in Table 3; it is incorporated into the calculations of the
aggregate load in the form of the so-called quasi-static load, the magnitude of
which corresponds to the product of multiplying the static effect of the tram

ODDIL 1/ SECTION 1 ODDIL 2 / SECTION 2 ODDIL 3 / SECTION 3
| Statické / Static S | | Statické + dynamické / Static + dynamic D| | IDI - ISI |
X/}'(c)l::::)s‘: N Q M X/}'chol \: Q M X/}'Chol \t] N Q M
T [kN/m] [kN/m] [kNm/m] Mocnos [kN/m] [kN/m] [kNm/m] Mocnos [N/m] [N/m] [Nm/m]
CrownV 1 | -30410 -2,640 0267 CrownVv 1 | -30658 2644 0275 CrownV 1 | 247803 -4226 8262
cover 3 | -45552 -3973 -0,156 cover 3 | 45722 -3976 -0,161 cover 3 | 170232 2293 4572
thickness ¢ | -77950 -6,819 0,204 thickness 6 | -78,026 -6,821 0205 thickness 6 | 76,366 2,083 1,030
9 | -112,594 -9.848 0,440 9 | -112,631 -9.847 0440 9 | 36400 -0711 0,554
Roh R N Q M Roh R Q M Roh R N Q M
M"g{“’f} [kN/m] [kN/m] [kKNm/m] l‘l’l["g{“{s} [kN/m] [kN/m] [kNm/m] 1‘:"3}"15} [N/m] [N/m] [Nm/m]
Comiorr 1 | 58063 51934 -15880 | con 00 1 | 58105 51944 15891 | Cormeer 1 | 41914 10374 10811
cover 3 | 78826 69,032 21,182 cover 3 | 78851 69,071 21,190 cover 3 | 25578 38656 8808
thickness 6 | -116384 95996 -30,614 thickness 6 | -116,393 95989 -30,618 thickness 6 9,060 22262 3,900
9 | -153,108 126,048 -40,060 9 | -153,112 126,058 -40,060 9 4,650 10,460 0,512
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Zobrazeni dtlumu vlivu dynamického pusobeni na velikost normalové
sily (N) / Representation of the damping of the dynamic effect on the
magnitude of a normal force (N)
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Hloubka vrcholu kolektoru pod
povrchem (m) / Depth of the top of the
utility tunnel under the surface (m)

N [N/mb)

Obr. 6 Zobrazeni utlumu dynamické odezvy od tramvaje
Fig. 6 Representation of the damping of dynamic response to a tram

Lg ... ndhradni délka nosné konstrukce ($itka kolektoru) [m]

h ... vy$ka nadlozi [m]

Po dosazeni bude tento soucinitel nabyvat hodnot, které jsou uvedeny v tab.
3 a do vypoltl celkového zatizenf je zapracovan ve formé tzv. kvazistatické-
ho zatiZeni, jehoZ velikost odpovidd soucinu statického ucinku tramvaje
a dynamického soucinitele &;. Vyhodou tohoto soucinitele je, Ze zohledfiuje
vliv nadloZi.

Tab. 3 Hodnoty soucinitele &

Mocnost nadlozi [m] &[] & [-]
1 0,075 203 =>1,.80
3 0,370 1,73
6 0,820 128
9 1,275 0,83 => 1,00

e Soucinitel Y, — je alternativnim pristupem, ktery vyjadfuje vzdjemny
vztah mezi zrychlenim kmitdni osténi a gravitaénim zrychlenim. Tento
vztah byl stanoven takto:

y 2 da*8

o8

ad ... zdrojové zrychlenf kmitdn{ [m.s?]

g ... gravitacni zrychlenf ~ 9,80665 m.s?

Uvazujeme-li hodnotu zdrojového zrychleni kmitén{ ag = 0.9m.s2, bude
pak soucinitel Y, nabyvat velikosti Ya = 1,09. Do vypoltu muZe byt zaveden
opét pomoci kvazistatického zatiZeni nebo variantné muZe upravovat hodno-
ty geotechnickych vstupnich veli¢in (napf. objemové tihy).

Srovndme-li velikost souinitelt Ya a O, je na prvni pohled patmé, 7e Ya ani
zdaleka nenabyvé hodnot . Pokud tedy tento soucinitel Y, dostate¢né nahra-
di dynamické ti¢inky dopravy na kolektor, budeme moci stejné tak konstato-
vat, Ze tomuto predpokladu vyhovi i prvné jmenovany soucinitel.

Kvazistatické zatiZent, kterym bylo nahrazeno dynamické a statické zatize-
ni od tramvaje, je pak:

¢, =q- 7y, =46,67-109 = 50,87kN - ™

Tab. 4 Pocetni vyhodnoceni tieti faze modelovdni

Tab. 4 Numerical assessment of the third modelling phase

ODDIL 5/ SECTION 5
| kvazistatické / quasi-static C |
Mocnost N M
ndlont [kN/m] [kN/m] [KNm/m]
CrownV 1 31411 2,726 0285
cover 3 45906 -4,004 -0,162
thickness 6 78,062  -6,829 0,205
9 | -112,653 -9.853 0,440
Roh R N M
“lf;’gﬁ;’vs} [kN/m] [kN/m] [KNm/m]
Z1
CornerR 1 58,293 52,032 -15921
cover 3 278997 69,110 21,211
thickness 6 | -116444 95990 -30,624
9 | -153,145 126,062 -40,066

Hloubka vrcholu kolektoru pod

Tuel

Zobrazeni dtlumu vlivu dynamického pusobeni na velikost ohybového
momentu (N.m) — Representation of the damping of the dynamic
effect on the magnitude of a bending moment (N.m)
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povrchem (m) / Depth of the top of the
utility tunnel under the surface (m)

M [Nm/mb]

by the dynamic coefficient d. The advantage of this coefficient is the fact that
it allows for the influence of the overburden.

Tab. 3 Values of the coefficient &

Overburden thickness [m] &[] &[]
1 0,075 2,03 =>1,80
3 0,370 1,73
6 0,820 1,28
9 1,275 0,83 =>1,00

* Coefficient Ya — This is an alternative approach, which expresses the rela-
tionship between the acceleration of the vibration of the lining and the
acceleration of gravity. This relationship was determined as follows:

a, &

g ,where
aq ... source acceleration of vibration [m.s?]
g ... acceleration of gravity ~ 9.80665 m.s™

If we consider the value of the source acceleration of vibration
ag = 0.9m.s%, the coefficient Y, will assume the value Y, = 1.09. It can be int-
roduced into the calculation again by means of the quasi-static load or, as
a variant, it can modify the values of input geotechnical quantities (e.g. volu-
me weight).

If we compare the magnitudes of the coefficients Y, a O, we will at first
sight find that the value of Y, is far from the values of 8. Therefore, if this
coefficient Ya sufficiently substitutes for the dynamic effects of traffic on the
utility tunnel, we will also able to state that even the former coefficient will
satisfy the assumption.

Then, the quasi-static load which substituted for the dynamic and static
load is:

i =i ¥, = 40,07 L0S = 50.8TEN - ™

This load is simulated in the third phase of the mathematical modelling.
The maximum magnitudes of normal forces and moments at the crown and
corner of the utility tunnel were always greater than those found in the case
of the preceding phases, where the simulation covered initially only the sta-
tic effect and then also the static + dynamic effect, which is summarised in
Section 5 of Table 4. Section 6 of Table 4 further presents the determination
of the difference between the absolute values of normal forces and the

ODDIL 6 / SECTION 6
| diference / difference ICI-IDI |
Vrchol V N Q M
Mocnost [N‘m] [N/m] [Nm/m]
nadlozi
Crownv 1 | 753268 819139 10,5042
cover 3 | 184,052 2786 196514
thickness 6 35953 17,5869 0,64788
9 2258 56938 0,27658
l‘lf;’gﬁ)‘{s} [kN/m] [kN/m] [Nm/m]
Z1
Corner R 1 | 188131 87314 29747
cover 3 | 145326 38,947 20,196
thickness 6 5036 1,663 6481
9 32,66 406 5704




TuHel

Zobrazeni diference pri kvazistatickém zatiZeni pro normalovou silu (N)

/ Representation of the difference in the case of quasi-static loading
for a normal force (N)
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Zobrazeni diference pri kvazistatickém zatizeni pro ohybovy moment
(N.m) / Representation of the difference in the case of quasi-static
loading for a bending moment (N.m)
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Obr. 7 Zobrazeni rozdilu ve velikosti vnitinich sil pri kvazistatickém zatiZeni oproti dynamickému zatizeni
Fig. 7 Representation of the differences between the magnitude of internal forces in the case of quasi-static loading compared to dynamic loading

Toto zatiZzeni bylo simulovédno ve tieti fdzi matematického modelovéni.
Maximédlni velikosti normélovych sil a momentu ve vrcholu i v rohu kolekto-
ru byly vzdy vys§i nez v piipadé predchozich fazi, kdy byl simulovéan nejprve
jen staticky a posléze také staticky + dynamicky tcinek, coZ je shrnuto v tab.
4.,0ddil 5.V této tabulce, v oddilu 6, je dile stanoven rozdil absolutnich hod-
not normédlovych sil a momentu kvazistatického vs. statického + dynamické-
ho té¢inku zatizen osténi kolektoru tramvaji. Tento rozdil, opét v fadech desi-
tek az stovek N/m, resp. Nm/m, jenZ je graficky zndzornén na obr. 7, muzeme
oznacit rezervou souCinitele Ya proti ,,skute¢nému dynamickému tcinku
tramvaje.

7. ZAVER

Dynamickd odezva vInéni od tramvajové dopravy je velice mald (Kaldb,
2007) a nemd vzhledem k celkovému zatiZen{ osténi dopravou zdsadni vliv na
zménu napjatosti v osténi kolektoru. Pokud bychom prece jen chtéli dyna-
mické tcinky tohoto druhu a jejich velikosti do vypoctu zavést, je dostacujici
nahradit dynamické pusobeni dynamickym soucinitelem Ya, pfipadné soudi-
nitelem dynamického zatiZeni &, kterymi zvySime statické zatiZenf tramvajf.
Pfi stanoveni Y je vSak nutné zndt zdrojovou hodnotu maximélniho zrychle-
ni kmitdni. Tato veli¢ina se vSak dd pro rizné druhy seismického zatiZeni
experimentdlné zméfit a na zdkladé zkuSenosti tabelovat. Proti souciniteli &
hovori skute¢nost, Ze jeho velikost neodpovidd redlnému roznosu dynamické-
ho puasobeni v zeminé a z néj vyplyvajici kvazistatické zatiZen{ je zbytecné
nedmérné vysoké.

V posledni ¢asti matematického modelovani byla vySetfovdna vhodnost
prendsobeni objemovych tih Y zemin v nadloZi kolektoru soucinitelem Ya.
Vysledky modelu v§ak dokazovaly, Ze touto tpravou dochdz{ k neredlnému
zvySeni zatiZeni na osténi kolektoru, a proto tento postup zohlednéni vlivi
dynamickych d¢inku nedoporucujeme.

Tento vysledek byl ziskdn za finanéniho prispéni MSMT CR, projekt
1M6840770001, v rdmci ¢innosti vyzkumného centra CIDEAS a finanéniho
piispéni GACR pfi feSent projektu ¢. 105/052712.
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GEOLOGICKE SLEDOVANI VYSTAVBY DVOU TUNELU
NA SEVERU ISLANDU
GEOLOGICAL MONITORING DURING THE CONSTRUCTION
OF TWO TUNNELS IN THE NORTH OF ICELAND

PAVEL GAJDOS, JAN STOVICEK

1. OVOD

Na severu Islandu, v kraji Nordurland, raz{ od zaf{ 2006 akciovd spo-
le¢nost Metrostav dva silni¢ni tunely. Geologickou dokumentaci razeb
zajistuje Stavebni geologie-Geotechnika, a.s., Praha. Na kazdém tune-
lu pracuje jeden geolog, ktery vede prubéznou primérni geologickou
dokumentaci Celeb, fotodokumentaci a geologickou mapu tuneld.
Geologové rovnéZz spolupracuji pii feSeni pfipadnych problémt maji-
cich pavod v geologickych a hydrogeologickych podminkdch. Jedn4 se
napt. o pritomnost zvodnélych poruch pod vysokym hydrostatickym
tlakem nebo moZnost zastizeni postvulkanickych jevl (napf. horkych
vod). Vzhledem k vySce nadloZi, dosahujici azZ 900 m, je nutné brat
v tvahu i napjatostni projevy horského masivu.

2. ZAKLADNI INFORMACE O PROJEKTU

Cely projekt s oficidlnim ndzvem Hedinsfjardargong spociva ve
vystavbé komunikace spojujici méstecka Olafsfjordur (cca 900 obyv.)
a Siglufjordur (cca 1400 obyv.) vzddlend od sebe pfiblizné 15 km
vzdusnou Carou. Soucasné silni¢ni spojeni méfi cca 60 km. Silnice pre-
kondva horsky hieben a v zimé je Casto neprujezdnd. Na navrzené trase
budou vybudovany dva razené tunely. Délka razeného dseku na strané
Olafsfjorduru bude Cinit cca 6,9 km a na strané Siglufjorduru cca
3,6 km. Mezi témito dvéma tunely leZi opustény Hedinsfjord, do néhoz
budou oba tunely tstit. Udoli Hedinsfjordu bude komunikace pfekona-
vat po silni¢nim ndsypu a mostni konstrukci.

Lokalita je situovédna na poloostrové Trollaskagi (poloostrov trolln),
vzddlena je cca 60 km od metropole severniho pobrezi Islandu —
Akureyri (15 tis. obyv., pfistav, leti§té, univerzita) a priblizné¢ 50 km
jizné od severntho polarniho kruhu. Portdl tunelu Olafsfjordur lezi
v nadmorské vysce 7 m, terén se vak prudce zvedd a nejvyssi bod nad
tunelem mé nadmorskou vysku kolem 900 m n. m.

Razba byla zahdjena v zdri 2006 ze severozdpadu (tunel Sig-
lufjordur), v listopadu se zacal od jihovychodu razit tunel Olafsfjordur.
Hned na zac¢dtku se projevil vliv mistntho klimatu, kdyZ silny vitr zni-
¢il dilenskou halu v Siglufjorduru a v listopadu snih znaéné ztéZoval
razbu v Olafsfjorduru.

Razba tunell se provadi Norskou tunelovaci metodou (Norwegian
method of tunnelling - NMT). NMT byla vyvinuta ve Skandindvii pro
tunelovani v tvrdych, netlacivych, rozpukanych hornindch. Jejimi hlav-
nimi rysy jsou velmi rychly postup razby, vysoky stupen mechanizace
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Obr. 1 Prehlednd situace tuneli
Fig. I Synoptical layout of the tunnels

1. INTRODUCTION

In the north of Iceland, the Nordurland region, Metrostav a.s. has dri-
ven two road tunnels since September 2006. The geological documen-
tation for the drives has been provided by Stavebni geologie —
Geotechnika, a.s., Praha. There is one geologist engaged on each tun-
nel, who maintains the continual primary geological documentation of
excavation faces, photodocumentation and geological mapping of the
tunnels. In addition, the geologists collaborate when contingent pro-
blems arising from geological or hydrogeological conditions are to be
solved. Among them, we can mention the presence of saturated weak-
ness zones, which are under a high hydrostatic pressure, or the possibi-
lity of encountering post-volcanic phenomena (e.g. hot water). Because
of the overburden height, reaching up to 900m, manifestations of the
state of stress also must be accounted for.

2. BASIC INFORMATION ABOUT THE PROJECT

The whole project, which is officially named the Hedinsfjardargéng,
comprises the construction of a road connecting the municipalities of
Olafsfjordur (the population of about 900) and Siglufjordur (the popu-
lation of about 1400). The distance between the two small towns is
about 15km as the crow flies. The existing road connecting the towns is
about 60km long. The road overcomes a mountain range and is often
impassable in winter seasons. Two mined tunnels will be constructed on
the designed route. The mined sections on the Olafsfjordur side and
Siglufjordur side will be about 6.9km and 3.6km long, respectively.
Both tunnels will have their portals in the deserted Hedinsfjord, which
is found between the two tunnels. The road will cross the Hedinsfjord
valley on an embankment and a bridge structure.

The locality is situated on Trollaskagi peninsula (trolls’s peninsula),
at a distance of roughly 60km of Akureyri, which is a metropolis of the
northern coast of Iceland (the population of about 15 thousand,
a harbour, airport, university) and about 50km south of the Arctic
Circle. The portal of the Olafsfjordur tunnel is found at an altitude of
7m above the sea level, but the terrain steeply rises and the altitude of
the highest point above the tunnel is about 900m a.s.I.

The tunnel excavation started in September 2006, from the north-
west (the Siglufjordur tunnel), to be followed by the Olafsfjordur tun-
nel excavation from November. The influence of the local climate pre-
sented itself just in the beginning, where a strong wind destroyed
a workshop in Siglufjordur and in November, where snow made the
excavation in Olafsfjordur significantly more difficult.

The tunnels are driven using the Norwegian Method of Tunnelling —
the NMT. (The NMT was developed in Scandinavia for the excavation
through hard, non-squeezing, fractured rock). The main features of the
method comprise a very high excavation advance rate, a high degree of
mechanisation and low cost. So-called low-cost tunnels are often spo-
ken about in the context of the NMT. The NMT is based on the experi-
ence which was gained during the excavation of about 5000km of
Norwegian tunnels. Compared to the NATM, which was developed in
Alpine conditions, where the frequent occurrence of squeezing and
swelling rocks is a typical feature, observational measurements (con-
vergence measurements, measurements of pressures on the lining or
pressures on the contact with the excavated surface) are not a common
part of the NMT procedures. Another difference from the NATM is
total absence of steel frames in a tunnel lining. The frames are not erec-
ted in individual rounds. The only measure, which is implemented in
the case of very difficult geological conditions (including the encoun-
tering of squeezing rock), is that the advance length is reduced and the
primary lining is strengthened as necessary by means of reinforced
shotcrete ribs. Reinforcing rods are fixed by radial bolts. This is
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a nizké ndklady. V souvislosti s NMT se ¢asto hovoii o tzv. nizkondkla- a flexible method, which can be easily accommodated to any excavated
dovych tunelech (low cost tunnels). NMT je zaloZena na zkuSenostech profile, directly in situ. The ribs are usually 0.5 — 2m wide, at 1 — Sm
ziskanych z vyraZzeni cca 5000 km norskych tuneli. Oproti Nové spacing and 15 — 30cm thick. The worst sections (big faults or weak-
rakouské tunelovaci metodé (NRTM), kterd vzesla z alpskych podmi- ness zones) are passed through using a cast-in-place concrete lining.
nek, pro néz je typicky Casty vyskyt tla¢ivych a bobtnavych hornin, The primary lining of the majority of tunnel sections comprises only
nejsou u NMT béZnou souldsti technologickych postupt observaéni shotcrete (unreinforced or steel fibre reinforced) and bolting (systema-
méfeni (méfeni konvergenci, tlakd v osténi nebo tlakd na kontaktu tic or random). In Scandinavian tunnels, long sections without any sup-
s vyrubem apod.). Dalsi odli§nosti od NRTM je naprostd absence ocelo- port are a commonplace. Of the excavation quality classification sys-
vych rdma v osténi tunelu. Rdmy se po jednotlivych zdbérech nestavi. tems, the Barton Q-system (Barton et al., 1974) is used most frequent-
Pouze v prfipade velmi ztiZzenych geologickych podminek véetné zasti- ly during both the design and construction stages.
Zeni bobtnavych hornin se zkrati délka zdbéru a primér se podle potre- Each of the Siglufjordur and Olafsfjordur tunnels will have only one
by posiluje pomoci Zeber ze stitkaného betonu, kterd jsou vyztuZena tube, carrying bidirectional traffic. The common cross sectional area
pruty z zebirkové oceli (tzv. reinforced concrete ribs). Pruty jsou fixo- (excepting lay-bys) is about 52m? (Norwegian profile T8.5); for lay-
véany pomoci radidlnich kotev. Jednd se o flexibilni zpusob, ktery je bys it is 73m2. Full-face blasting is a standard procedure; the advance
snadné prizpiisobit piimo na misté jakémukoliv profilu. Zebra byvaji length is 5m; emulsion explosives are used. The advance length is redu-
0,5-2 m Sirokd s krokem 1-5 m a tloustkou 15-30 cm. Nejhorsi tseky ced only in the cases of deteriorating geological or hydrological condi-
(velké zlomy nebo oslabené zény) se prochdzeji formou betonového tions, most frequently to 3m. Probe boreholes are drilled ahead of the
osténi zhotoveného na misté (cast-in-place concrete lining). Primér vét- excavation face after every third advance. The objective of the
Siny vyraZenych tseku sestdvd pouze ze stifkaného betonu (prostého 25 — 27m long boreholes is to verify the presence and yield of ground
nebo dratkobetonu) a kotveni (systematického nebo nahodilého). Ve water reservoirs. Pre-grouting is performed when high inflows are tap-
skandindvskych tunelech jsou bézné dlouhé tseky zcela bez vystroje. ped. The round-the-clock excavation starts by the morning shift on
Z klasifikacnich systému pro vyjadieni kvality vyrubu se jak ve fdzi pro- Monday and ends by the night shift between Saturday and Sunday. The
jektovani, tak i ve fdzi vystavby pouZivd nejcastéji Bartoniv Q-systém primary lining consists of an on average 3 — Scm thick layer of unrein-
(Barton et al, 1974). forced shotcrete, applied to the excavation crown; steel fibre reinforced

Tunely Siglufjordur a Olafsfjordur budou mit pouze jednu tunelovou shotcrete is used in the cases of worsened geological conditions and, in
troubu s obousmérnym provozem. BéZny profil (mimo zdlivy) mé plo- sporadic cases, steel mesh is added. The bolts are mostly 3m long; also
chu cca 52 m2 (norsky profil T8.5), v zélivech cca 73 m2. Odstrely se 4m and 5m long bolts are used - in lay-bys and locations with worse-
provadéji na plny profil, zdbéry jsou dlouhé 5 m a pouZivd se emulzni ned geology. The final lining comprises additional bolts and spraying
trhavina. Pouze v pripadé zhorSenych geologickych ¢i hydrogeologic- of concrete on the whole tunnel profile. No observational measure-
kych poméru se zdbéry zkracuji, nej¢astéji na 3 m. Po kazdych trech ments of deformations are carried out.
zabérech se vrtaji zkuSebni predvrty na délku 25-27 m pred éelbu za
ucelem overeni pritomnosti a vydatnosti podzemni vody. Pfi navrtan{ 3. CEOLOGICAL CONDITIONS
Vyso}(}’lchv piftoki se p r/ovédi pvrejgrouvting. Razba probihd ngpfetr?ité’ Od, Iceland belongs among geologically very young regions. The locali-
ranni smeny v pondeli d(,) noent smenynzevsoboty na nedeli, Primarni ty is found in an area consisting of Tertiary volcanic rock masses.
VyStr(,)J sestava ze zavs’trﬂmvm str(zpu/v prumeru.3—§ cm mocnou vrstvou A peneplane developed on Trollaskagi peninsula during the Tertiary
Iv)fofteh? betonu; v p r1p.ad§ th(,)rsen}vff:h geOIOgICk},’C}} p/odmlpelf’se pou- Period. The current Alpine configuration of the landscape originated
zivd d{atkgbcitovlz av ole,dmel}@h prlpadeclfl se priddva lfarl sit. KOtV}i during the Quaternary Period, when the terrain was moulded by glaci-
Jsou prevazne trnzlvetVrO\ie, v zah}vechva} v mlStejCh SC.ZI.I(.)I‘SG/I‘IO}J geglogu ers. The tunnels are driven through a Tertiary basaltic formation con-
5‘,’ ROUZIXa_]} rf)vnez ctyrznetfov/e?pet}metrove.:. Definitivni vystroj /spvo‘—) sisting of basaltic lava sheet with interlayers of sediments and tuff.
cwva)v p/rldam kOtve\f a prestrﬂv(ar’n cvevlehf) profilu betonem. Neprovadejf Individual SW trending layers of lava are about 10 — 15m thick and
se Zadn4 observalni deformaZnf méfent. have a uniform slight dip of about 5°. The end and beginning of each

effusion is accompanied by porous, scoriaceous basalt to scoria. The

3. GEOLOGICKE POMERY volcanic series of strata is intersected in many places by basalt dikes

Island patfi ke geologicky velmi mladym oblastem. Lokalita se (old lava conduits) from several metres to several tens of metres thick.
nachdzi v udzemi tvoreném tretihornimi vulkanickymi horninami. Their directional reach is even several kilometres. The material for-
V pribéhu terciéru se v prostoru poloostrova Trollaskagi vytvoril pene- ming the dikes is harder and more brittle than the surrounding environ-
plén. Béhem Ctvrtohor byl terén ledovei vymodelovan, ¢imZ vznikl ment. The dikes are mostly affected by heavy cubical fracturing.

- Gangaleid B
il B“ Palabwjibr R

Obr. 2 Schematicky podélny profil (pFevzato z geologického prizkumu)
Fig. 2 Synoptical longitudinal section (borrowed from the geological survey)
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soucasny alpsky rdz krajiny. Tunely jsou razeny v terciérni basaltové
formaci tvofené lavovymi prikrovy ¢edice s mezivrstevnimi vlozkami
sedimentu a tufu. Jednotlivé 1dvové vrstvy maji mocnost cca 10-15 m
a jednotny mirny sklon (cca 5° k JZ). Konec a zacatek kazdého vyle-
vu je doprovdzen poréznim, scoriéznim ¢edi¢em az scorii. Vulkanické
souvrstvi na fadé mist protinaji pravé basaltové Zzily (staré privodni
cesty lavy) — diky — o mocnostech od nékolika mélo metru aZ po néko-
lik desitek metrt. Jejich smérny dosah &inf i nékolik km. Horninovy
materidl Zil je tvrdsi a kieh&i nez okolnf prostiedi. Télesa Zil jsou vét-
S§inou postiZena silnym kostkovitym rozpukdnim.

Zlomy a okraje diku (nékdy i jejich vlastni silné rozpukand télesa)
predstavuji prednostni cestu pro obéh podzemnich vod. Kromé proudi-
ci vody se v masivu vyskytuje i voda staciondrni. Pfi razbé Olafského
tunelu pod horou Osbrekkufjall byl v mistech s vy$§im nadloZim pre-
kifZzen systém paralelnich zvodnélych otevienych puklin pod vysokym
hydrostatickym tlakem, ktery odpovidal vodnimu sloupci kolem 300 m.
Jednalo se o pukliny, které byly po spadu — od povrchu do zna¢nych
hloubek — oteviené, ale po sméru ziejmé neprubézné — zavirajici se.
Pukliny byly nasyceny vodou nadrZenou ze sraZek a tajictho snéhu.
S nejvétsi pravdépodobnosti §lo o vodu stojatou. Systém byl paralelni
s vyraznou tektonickou poruchou, kterou doprovazel.

Tektonicky obrazec oblasti md silné severojizni orientaci — jedna
se 0 smér vétsiny dikd, hlavnich puklin a zlomu. Sklon basaltovych Zil
je vétsinou znacné strmy: 85 — 90°. Severojizni smér se ve vztahu ke
sméru razby projevuje pozitivné, jako systém pri¢ny. Pfi razbdch byl
vsak zastiZen i druhotny, nicméné znaéné nepfiznivy SZ — JV smér,
ktery je vzhledem k trase orientovan smérné a doprovazi razbu Casto
na vzddlenost mnoha desitek metrt.

4. GEOLOGICKY PRUZKUM

Pro ucely stavby tuneld byly mistnimi firmami provedeny dva geo-
logické prazkumy.

Prvni prizkum (Saemundsson, 2000) zvazoval varianty trasy, druhy
pruzkum (Gudmundsson, 2001) se pak jiz vénoval stavajic{ trase tune-
1u. Vzhledem ke znalné vertikdlni ¢lenitosti horského pasma, pod kte-
rym jsou tunely vedeny, byly vrtné pruzkumné price provedeny
v portdlovych oblastech. V ramci prizkumu z roku 2001 bylo odvrté-
no 9 jadrovych prizkumnych vrtd, z nichZ pouze nékteré dosahovaly
pod troven po&vy budoucich tuneld. Jddrové vrty byly doplnény mél-
kymi bezjiddrovymi sondami, které mély ovérit mocnost pokryvnych
ttvarQ. Souddsti prazkumnych praci bylo ddle povrchové geologické
mapovani, na jehoz zdkladé byla vymezena zdkladni geologicka roz-
hrani mezi formacemi tholeitického, olivinického a porfyrického ¢edi-
e. Podle vysledka pruzkumu jsou tunely razeny ve formaci olivinic-
kého Cedice. Situace formaci, ovéfenych basaltovych Zil a poruch byla
spole¢né s profily vrti zkreslena do prevySeného podélného geologic-
kého profilu. Z polnich méfeni ve vrtech bylo uskute¢néno nékolik
Lugeovych testu na zjiténi propustnosti. Déle byly stanovovany pev-
nosti v prostém tlaku. U litologickych popist vrtnych jader byly uvé-
dény hodnoty RQD a hodnoty Q — systému (Barton et al, 1973). Nebyl
zde proveden 74dny odhad kvazihomogennich geotechnickych bloku
v trase a kromé pevnosti v prostém tlaku zde nebyly prezentovdny
74dné geomechanické vlastnosti hornin. Prizkum se nezabyval ani
numerickym modelovdnim napétodeformacnich stavi. Q — hodnoty
byly uvedeny u popisu vrtnych jader, ddle ve stratigrafické kolonce
pro jednotlivé petrografické typy (rozmezi hodnot pro basalt, svrchni
a spodnf scorii, intervulkanické sedimenty a tufy), a poté byly zpraco-
véany ve formé histogramu v textové zpravé (zvlast pro oba tunely). Ve
formé histogramt byly rovnéz prezentovény vysledky stanoveni pev-
nostnich zkouSek.

Po prostudovéni pruzkumnych zprav lze dojit k zdvéru, Ze prazkum
avizoval razbu prevdzné v kompaktnim horninovém prostiedi
s obCasnymi poruchami. Rozsah poruseni horninového masivu se vSak
zda byt vyssi. O tom svédéi Casté problémy s pritoky vody a potieba
rozsdhlych injektazi. Napt. vice jak 100 m dlouhy dsek v tunelu
Olafsfjordur v km 12,560-12,680 vyZadoval z duvodu zna&nych pii-
toku po intenzivnim (a mimochodem pro razbu znaéné nepfiznivém
smérném poruSeni masivu) systematickou injektdz. Pfipadem extrém-
né nepriznivych podminek pro tunelovéani byla razba v Olafském tune-
Iu v km 12,015-12,045, kde bylo razeno ve vyznamném tektonickém
pasmu doprovdzeném systémem subparalelnich oslabenych z6n vcet-
né otevrenych puklin s vyjimeéné vysokymi pritoky do 4000 I/min
a tlakem do 32 bart, a to bez znatelného poklesu v ¢ase. Pdsmo sub-
paralelnich natlakovanych oslabenych zén a otevienych puklin bylo
zakonCeno mohutnou poruchou prochézejici télesem diku s vice neZ
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Obr. 3 Ukdzka poéitaéotje’ zpracované mapy tunelu Olafsﬁﬁréur
Fig. 3 A sample of the Olafsfjorour tunnel map plotted by a computer

Faults and edges of dikes (sometimes even heavily fractured bodies
of the dikes) represent a preferred path for the circulation of ground
water. Apart from flowing water, even stationary water does exist in the
rock massif. When the Olafsjordur tunnel was driven under
Osbrekkufjall Mountain, a system of parallel water bearing open fissu-
res was crossed in locations with the highest overburden. The water
was under a high hydrostatic pressure, corresponding to the height of
water column of about 300m. The fissures were persistent from the sur-
face to great depths in the direction of the inclination, whereas probab-
ly nonpersistent, closing in the strike direction. The fissures were satu-
rated with accumulated rain water and water from melting snow. With
highest probability, it was standing water. It was a system parallel with
a marked tectonic fault, which it attended. The tectonic pattern of the
area is significantly orientated in the north-south direction — it is the
direction of the majority of dikes, main fissures and faults. The dipping
of the basalt dikes is mostly very steep: 85 — 90°. The north-southern
strike proves to be positive in respect to the direction of the tunnel
excavation, as a transverse system. Although, even a secondary, a very
unfavourable NW — SE strike was encountered, which is orientated in
the direction of the tunnel excavation and follows the excavation often
to a distance of many tens of meters.

4. GEOLOGICAL SURVEY

Local companies carried out two geological surveys for the con-
struction of the tunnels.

The first survey (Saemundsson, 2000) dealt with variants of the
route, whereas the other survey (Gudmundsson, 2001) was focused on
the current route of the tunnels. Because of the significant altitude dif-
ferences in the mountain range under which the tunnels pass, borehole
surveys were performed in the portal areas. During the 2001 survey,
9 exploratory core holes were drilled; only some of them reached under
the level of the floor of the future tunnels. The core boreholes were
supplemented by shallow full hole probes, which were designed to
verify the thickness of surface deposits. Another part of the surveys was
surface geological mapping, which provided the base for the determi-
nation of basic geological interfaces between tholeitic, olivine and
porphyry basalt formations. According to the results, the tunnels are
driven through an olivine basalt formation. The configuration of the
formations, verified basalt veins and faults were plotted, together with




Obr. 4 Vrtdni pomoci vrtaciho stroje TAMROCK
Obr. 4. Drilling by a TAMROCK drilling set

1,5 m Sirokou kavernou v pravém boku, ze které vytékd maly potok.
Navic se oproti predpokladim jednalo o vodu studenou (3,4 °C), kteréd
vylucovala efektivni nasazeni cementové injektdze. Pro zvladnutf situ-
ace musela byt nasazena masivni chemickd injektdz. Potfeba injektazi,
jak na olafské, tak i na strané¢ Siglu, sama o sobé vypovidd
o komplikovanych pomérech.

5. POMERY PRI RAZBE

Pres zdénlivé jednoduchou a rytmicky se stfidajici geologickou stav-
bu nejsou poméry z hlediska tunelovéni jednoduché. Samostatnou kapi-
tolu tvofi problematika vyskytu vysokych piitoku s extrémné tlakovou
vodou, kterd jiz byla popisovéna vySe. Tyto poméry si vyzadaly rozséh-
1¢ injektdzn{ préce.

Co se tyce stability masivu, tak ta je celkové pfiznivé pro vytvare-
ni horninové klenby. SniZend stabilita se vyskytuje pri zastizeni
intervulkanickych sedimentdrnich vrstev (rudé piskovce a tufy). Tyto
vrstvy jsou pouze 0,5-2 m mocné a maji tendenci se ve stropu des-
kovité odlamovat. Pfi stropni pozici sedimentu vznikd po vylomu
staticky neprili§ optimdlni krabicovity tvar stropu oznafovany vyra-
zem box-shape.Vzhledem k malému dklonu byvaji polohy intervul-
kanickych vrtsev sledovatelné na vzddlenosti mnoha desitek metru.
V zdvislosti na sméru razby prechézi bud pomalu ze stropu smérem
k po¢vé, nebo naopak od poévy ke stropu. Pfi vyskytu vrstvy
v bocich mé vyrub tendenci vytvéaret deformovany tvar tzv. mushro-
om-shape. Pokud se vrstva sedimentu nachdzi ve stropu, je dovoleno
ji odstranit i za cenu nadvylomu, pifpadné se dukladné prokotvi
a prestfikd mocnéjsi vrstvou drdtkobetonu. Ke zvySeni bezpecnosti
se vystroj misty posiluje i o klasické betondrské sité. Pokud je vrst-
va v bocich (typ mushroom), je mozné prestiikat i boky. Vzhledem
k rytmické stavbé masivu se v tomto prostredi razba vzdy po urcité
dobé opakované ocitd. Dal$im prostredim s niZ$i stabilitou jsou téle-
sa dika, kterd jsou vétsinou navic i zvodnéld. Intenzivni kostkovité
rozpukédni vytvaii nebezpeli osypdvani vyrubu. Zastoupeni dikd
bude zfejmé vyssi, neZ Cinily odhady. Na zdvér projektu bude zaji-
mavé provést vyhodnoceni jejich celkového vyskytu. Vyraznéji sni-
Zend stabilita byla pozorovdna v km 11,720 pfi otevieni poruchy
doproviazené mocnou nesoudruznou tektonickou brekcii charakteru
Stérku s hlinitou vyplni. Situace byla ztiZena intenzivnim proudénim
podzemni vody do vyrubu. Zde po otevieni doslo k menSimu vyko-
minovani levého rohu pfistropi a k negativnim projevim tlaku mate-
ridlu brekcie na levy bok primdrniho osténi. Situace byla prekondna
souborem technickych opatfeni, které zahrnovaly odlehCovaci vrty,
injektdZe, kotveni, zastfikani stropu i boku a vyztuZeni dvéma vrst-
vami betondrskych siti.

Mezi maélo diskutovanou problematiku patfi napjatostni poméry masi-
vu. Razba probihd pod pomérné vysokym nadlozim. Orientaénim rozbo-
rem primarn{ napjatosti pro nadloZ{ napf. 500 m, pfi prumérné objemo-
vé hmotnosti Y = 27 kN/m? , pevnosti v prostém tlaku o¢ = 175 MPa
(pfevzato z dostupné literatury) a deforma¢nim modulu E = 50 GPa lze
pii pouZiti nize uvedenych empirickych vztahu:
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the drill logs, in an exaggerated geological longitudinal section. Of the
in situ down-hole measurements, several Lugeon tests were conducted
to determine permeability. Furthermore, unconfined compression
strengths were determined. Lithological core logs contained RQD valu-
es and Q-system values (Barton et al., 1973). In this particular case, an
assessment of quasihomogeneous geotechnical blocks along the route
was missing and, with the exception of unconfined compression
strengths, no geomechanical properties of rock were presented. In addi-
tion, the survey did not conduct numerical modelling of stress-strain
states. The Q-values were presented only in rock core logs and in the
stratigraphic column for individual petrographical types (ranges of
values for basalt, an upper and lower scoria, intervolcanic sediments
and tuff); then they were processed in the form of histograms, which
are contained in the text report (separately for each of the tunnels). The
form of histograms was also used for the presentation of the results of
the strength testing.

When we study the survey reports, we can arrive at the conclusion
that the survey indicated that the excavation would pass mostly through
a compact rock environment with infrequent faults. However, the
extent of the rock mass faulting seems to be larger. Problems with water
inflows and the need for extensive grouting is the evidence for this opi-
nion. For example, the over 100m long section at chainage km 12.560
—12.680 of the Olafsfjordur tunnel required systematic grouting due to
high flows of water running into the tunnel along an intensely fractured
zone following the direction of the excavation (which was, by the way,
very unfavourable for the excavation). The excavation of the
Olafsfjordur tunnel at chainage km 12.015 — 12.045 was a good exam-
ple of the extremely unfavourable conditions. The excavation passed
through a significant tectonic zone, which was accompanied by
a system of sub-parallel weakness zones, including open fissures con-
veying exceptionally high rate (4000 I/min) and high pressure (up to 32
bar) inflows, which would not subside with time. The zone of sub-
parallel pressurised weakness zones and open fissures ended in
a mighty fault, which passed across the body of a dike, with an over
1.5m wide cavern on the right side and a small stream flowing from the
cavern. In addition, in contrast with the anticipation, the water was cold
(34 ° C), therefore the possibility of an effective application of massi-
ve cement grouting was excluded. To cope with the situation, the con-
tractor had to use massive chemical grouting. The consumption of grout
both on the Olafsfjordur and Siglufjordur sides is a sufficient proof of
the complicated character of the rock environment.

5. CONDITIONS DURING THE COURSE OF THE EXCAVATION

Despite the seemingly simple and rhythmically alternating geologi-
cal structure, the conditions are not simple from the tunnelling viewpo-
int. The problems of the occurrence of high-rate inflows of high-pres-
sure water have been discussed above. These conditions required exten-
sive grouting operations.

As far as the rock mass stability is concerned, it is, on the whole,
favourable for the development of natural rock arch. Reduced stability
is encountered when driving through intervolcanic sedimentary layers
(red sandstone and tuff). These layers are only 0.5 — 2m thick and tend
to separation of plates from the roof. When the sediment is found in the
crown, the box-shape roof which originates after the excavation is not
optimal in terms of a structural analysis. Owing to the small dip angle,

Obr. 5 Zivéj pred portdlem tunelu Olafsfjorour — leden 2007
Obr. 5 A snow bank in front of the Olafsfjorour tunnel portal — January 2007
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Obr. 6 Cervend scoria zastiZend ve spodni &dsti elby
Obr. 6 Red scoria encountered in the lower part of the excavation face

Oyv=Y*z

Oh = k * Ov

k=0,25+7*E * (0,001 + 1/z), kde E je v GPa (Hoek and Brown,
1988)

dojit k nasledujicim vysledkum:

Oy (teoretické vertikdlni napéti) = 13,5 MPa

O (teoretické horizontdln{ napéti) = 17,55 MPa

Pro odhadnutou pevnost horniny 0¢ = 175 MPa a vysSku nadlozi
500 m a vy$S8i vychdzi pomér 0¢/On < 10, coZ signalizuje, Ze moz-
nost napjatostnich problému od nadloZi cca 500 m vySe neni vylou-
Cena. To potvrzuje i staré norské tuneldrské pravidlo, které pravi, ze
od nadlozi 500 m je tfeba se pripravit na mozné napjatostni projevy
(Engineering geology and rock engineering, NBG 2000). Pfi razbé
pod hiebenem hory Osbrekkufjall (kéta 759 m n. m.) se tunel ocitl
ziejmé v turovni spodni hladiny tzv. high stressu. Ten je dle
Bartonovy klasifikace (Barton, Grimstad, 1994) obvykle pfiznivy
pro stabilitu — muaZe vSak byt méné pfiznivy pro stabilitu stén
(doslovny preklad). Ne vzdy se high stress projevi a ne vzdy
v dramatické formé (odprysky, zvukové projevy). Grimstad (1999)
uvadi rizné priklady projevu napjatostnich problému z pozorovéni
razeb 24,5 km dlouhého Laerdalského tunelu, ve kterém byly béhem
vystavby zastiZzeny vSechny hladiny stressu — od nizké drovné az po
tézké odprysky. Autor uvddi, Ze v nckterych usecich tunelu bez
jakychkoli projevu high stressu bezprostfedné po vylomu byly boky
ponechdny nevystrojené. Po tydnech az mésicich se zde pak postup-
né vyskytlo odrolovani a odlupovani stén (spalling, slabbing). Pro
zastaveni degradace stén se nakonec pristoupilo k jejich zastiikdni
projevy high stressu se vyskytuji v tvrdych, kiehkych hornindch
s vysokym deformaénim modulem. U horninovych typu s niZ§im
deformac¢nim modulem se za stejnych podminek high stress nemusi
projevit vibec nebo jen v mirnéj§i podobé (bez zvukovych projevi
nebo jen s nizkymi zvukovymi projevy), a to aZ po pomalém dozné-
ni plastickych deformaci. Tento pfipad poskytuje sice mnohem
men$i problémy, nez je tomu u masivnich tvrdych hornin, ale na dru-
hou stranu se tyto horniny mohou pomalu deformovat po velmi dlou-
hou dobu. Projevy high stressu v tvrdych hornindch samoziejmeé sni-
Zuje nebo vyluCuje vySSi intenzita rozpukdni. V Olafském tunelu
byla na nékolika mistech v dsecich pod hfebenem hory Osbrekkufjall
pozorovdna pomald degradace geomechanickych vlastnosti stén —
odrolovani. Nejde sice o prokdzany, ale ani o vylouceny projev high
stressu. V tunelu na strané Siglu byly podle vypovédi nékterych pra-
covniku zaznamenany mirnéj3i zvukové projevy masivu. Nicméné je
nutné podotknout, Ze nejvy$si nadlozi (pres 800 m) maji razi¢i
Metrostavu stdle jesté pred sebou (masiv mezi Hedinsfjordem
a Udolim Sydriadalur). Z Sir§tho dhlu pohledu se zdjmové tzemi
nachdzi v blizkosti ¢inné riftové tektoniky. Nelze proto vyloucit ani
moznost existence vetsiho horizontdlniho napéti, nez je napéti teore-
tické, které je odhadnuto vySe. Méfeni primdrni napjatosti ,,in situ®
nebyla ani v prazkumné, ani v realizaéni etapé provddéna. Blizkost
zivé riftové tektoniky dokazuje existence dil¢tho zemétfesného
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the intervolcanic layers are often traceable up to a distance of tens of
meters. Depending on the direction of excavation, the layer passes
slowly either from the crown to the bottom or the opposite, from the
bottom to the crown. When the layer is found on sides, the excavation
has a tendency to create a deformed shape, the so-called mushroom
shape. When the sedimentary layer is found in the crown, it is allo-
wable to remove it, even at the expense of overbreaks, or it must be tho-
roughly anchored and covered with a thicker layer of steel fibre rein-
forced shotcrete. To improve the safety, the excavation support is local-
ly strengthened by adding traditional concrete reinforcing mesh. When
the layer is on the sides (the mushroom type), shotcrete can be applied
to the sidewalls. As a result of the rhythmical structure of the massif,
the excavation through this environment repeatedly arrives to the inter-
volcanic layers. Another less stable environment is encountered in the
cases of the bodies of dikes, which are, on top of that, mostly water-
bearing. Intense cubicle fracturing poses the risk of spalling of the
excavated surface. The proportion of the dikes in the massif is probab-
ly going to be higher than estimated. It will be interesting to carry out
an assessment of the overall occurrence at the conclusion of the project.
More significantly reduced stability was observed at chainage km
11.720 where a fault attended by a mighty incoherent tectonic breccia
having the character of gravel with loamy matrix was opened. The situ-
ation was aggravated owing to intense ground water flows into the
excavation. In this location, a minor excavation collapse happened in
the left corner of the roof and negative manifestations of the pressure
of breccia material on the left side wall of the primary lining were
observed. The problems were dealt with through a set of technical mea-
sures, which comprised relieving holes, grouting, bolts, application of
shotcrete on the roof and sidewalls and strengthening by two layers of
steel mesh.

Among little discussed problems, we can name the stress-strain state
of the rock mass. The excavation is carried out under a relatively very
high overburden. It is possible on the basis of a preliminary analysis of
the primary state of stress for the overburden e.g. 500m high, at an ave-
rage volume weight Y = 27 kN/m?, unconfined compressive strength
Oc = 175 MPa (borrowed from literature available) and modulus of
deformation E = 50 GPa, using the following empiric relationships:

Ov=Y#z

oh=k * Oy

k=0.25+7*E*(0.001 + 1/z), where E is in GPa (Hoek and Brown,
1988)

to arrive at the following results:

Oy (theoretical vertical stress) = 13.5 MPa

O (theoretical horizontal stress) = 17.55 MPa

For the estimated rock strength 0. = 175 MPa and the height of the
overburden of 500 m and greater, the resulting ratio 0¢/0n < 10, which
fact suggests that the possibility of stress-related problems due to the
overburden higher than about 500m is not excluded. This is even con-
firmed by an old rule of thumb used by Norwegian tunnellers that it is
necessary to be prepared for potential problems when the overburden is
higher than 500m (Engineering geology and rock engineering, NBG
2000). During the excavation under the crest of Osbrekkufjall
Mountain (altitude of 759m a.s.l.), the tunnel probably got under the
lower level of the so-called high stress. The high stress is, according to
the Barton classification system (Barton, Grimstad, 1994), usually pro-
fitable for stability, but it may be less profitable for the stability of side
walls. It is not always that the high stress effect manifests itself and if
it does, it is not always in a dramatic form (rockbursts, acoustic mani-
festations). Grimstad (1999) presents various examples of the manifes-
tations of problems associated with the state of stress, which he gathe-
red during the observations of the excavation of the 24.5km long
Laerdal tunnel, where all levels of stress were encountered during the
construction, i.e. from a low level up to heavy rockbursts. The author
states that side walls were left without any support within some tunnel
sections where no manifestations of high stress appeared immediately
after the excavation. Subsequently, after several weeks to months, wall
spalling and slabbing started to appear. With the aim of stopping the
wall degradation, the walls were eventually sprayed with concrete and
bolts were added at a height of about 1m above the tunnel floor. The
most dramatic manifestations of the high stress are encountered in hard,
brittle rocks with a high modulus of deformation. In the cases of rock
types with lower moduli of deformation, under the same conditions, the
high stress does not have to be encountered at all or can appear in a mil-
der form (without acoustic manifestations or with very slight acoustic
manifestations), as late as after the development of plastic deformati-
ons has slowly ended. On the one hand, this case poses smaller




Obr. 7 Intenzivni pritoky vody z predvrtu
Obr. 7 Intense water inflows from advance boreholes

podmorského epicentra u nedalekého Dalviku. V trase tuneli nelze
vylougit ani moZnost vyskytu postvulkanickych jevu (horké geoter-
malni vody). Praizkum avizoval v pldnované trase nejméné tfi geo-
termdlni pole. Nastésti se doposud tato prognéza nevyplnila. Béhem
dosavadnich praci na projektu bylo dosaZeno nékolika rekordu.
Extrémné vysoké natlakované pritoky vody v km 12,015-12,045
predstavuji druhy nejvétsi pripad tohoto druhu v tunelovych stav-
bach na Islandu. Na prvnim misté byl jiZ jen katastrofdlni pruval
v tunelu v oblasti zdpadnich fjordd. V &ervenci 2007 &inil mési¢ni
postup na Olafském tunelu 330 m, ¢imZ byl vytvofen jeden
z nejlepSich vykonu v razbach tunelu srovnatelnych parametri na
Islandu a nejlepsi mési¢ni postup u firmy Metrostav viubec.

6. PUSOBENI GEOLOGA NA STAVBE

Hlavni ndplni price geologické sluzby je vedeni primdrni geolo-
gické dokumentace kazdé Celby a prubézné zkreslovani rozvinuté
geologické mapy tunelu v méfitku 1 : 500. Do mapy se zakresluje
nejen geologie, ale i primarni vystroj (kotvy, stiikany beton). Do
kone¢né verze mapy bude zakreslena i sekunddrni vystroj. Mapa se
vypracovava jednak rucné, a ndsledné je po kazdych cca 100 m pre-
kreslovdna do elektronické podoby v programu AUTOCAD. Kromé
mapy se po vyrazeni delSich dseku zpracovdvé podélny svisly geolo-
gicky profil celou horou v méfitku 1 : 5 000. Provadi se zatfidéni
vyrubu podle Bartona a ndkres Celby se ukldda v elektronické podobé
prubézné na databdzovy server Barab. Fotodokumentace se vede
separatné. Souddsti praci je rovnéz dokumentace pruzkumnych pred-
vrtd po kazdém tfetim zdbéru. Na vyZadani zhotovitele geotechnickd
sluzba spolupracuje pfi vytvareni pracovnich prognéz, vyhotoveni
geologickych podkladd pro jedndni s investorem, popripadé se téchto
jednani ucastni.

7. ZAVER

Vyrazeni obou silni¢nich tunelu vyrazné prispéje ke zkraceni jizd-
ni doby mezi obcemi Olafsfjordur a Siglufjordur. Cely projekt by mél
byt hotov do konce roku 2009, kdy se pocitd se zprovoznénim celé
trasy az do Siglufjorduru.

ING. PAVEL GAJpOg’, gajdos@geotechnika.cz, RNDr. JAN
STOVICEK, CSc., stovicek@geotechnika.cz,
SG-GEOTECHNIKA a. s.
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problems than massive hard rocks, on the other hand, these rocks can
slowly deform for a very long time. Naturally, a higher fracturing rate
diminishes or excludes the manifestations of high stress in hard rock.
As far as the Olafsfjordur tunnel is concerned, slow degradation of geo-
mechanical properties of side walls (spalling) was observed in several
locations, in the sections under the crest of Osbrekkufjall Mountain.
Even though it is not a proven manifestation of the high stress, it is not
excluded that it is the manifestation. Moderate acoustic manifestations
of the massif were, according to statements made by several workers,
recorded in the Siglufjordur tunnel. Nevertheless, it must be noted that
the highest overburden (over 800m) is still ahead of Metrostav’s mining
crews (the massif between Hedinsfjord and Sydriadalur Valley). From
a wider perspective, the area of operations is found in the vicinity of
active rift tectonics. It therefore cannot be excluded that a higher hori-
zontal stress than the theoretical stress which is estimated above can be
encountered. In situ measurements of the primary state of stress were
conducted neither in the surveying stage nor in the construction stage.
The nearness of live rift tectonics is proved by the existence of a parti-
al undersea earthquake epicentre at the near town of Dalvik. Not even
the possibility of the occurrence of postvolcanic phenomena (hot geot-
hermal water) along the route of the tunnels can be excluded. The sur-
vey identified at least three geothermal fields along the planned align-
ment. Fortunately, this prognosis has not come true yet. Several records
have been achieved during the work on the project. The inflows of
water which was under extremely high pressures at chainage km 12.015
— 12.045 represent the second case of this sort during tunnel construc-
tion in Iceland. The first place was taken by a catastrophic water brea-
kout in a tunnel in the area of western fjords. In July 2007, the month-
ly advance rate at the Olafsfjordur tunnel amounted to 330m, which is
one of the highest advance rates for the excavation of tunnels featuring
comparable parameters in Iceland and the highest advance rate ever
achieved by Metrostav a.s.

6. GEOLOGISTIS ACTIVITIES ON SITE

The main workload of the geological service comprises the mainte-
nance of primary geological documentation for each excavation face
and continual plotting of a 1 : 500 unwrapped structural map of the
tunnel. The map contains not only geology but also the primary sup-
port (bolts, shotcrete). The final version of the map will even contain
the secondary lining. The map is plotted manually and, subsequently,
it is re-plotted every about 100m in electronic format using AUTO-
CAD program. Apart from the map, a 1 : 5 000 longitudinal geologi-
cal section is plotted after completion of longer sections of the exca-
vation. The Barton classification of the excavation is carried out and
face mapping sheets are continually stored in electronic format using
the Barab server. Progress photographs are stored separately. Part of
the work load is also the documentation of the probe boreholes which
are drilled ahead of the excavation face every third advance. On con-
tractoris request, the geotechnical service collaborates on the develop-
ment of working prognoses, preparation of geological documents to be
used as a basis for discussions with the client, or participates actively
in these discussions.

7. CONCLUSION

The completion of the excavation of the two road tunnels will signi-
ficantly contribute to the reduction in the time of travel between the
municipalities of Olafsfjordur a Siglufjordur. The whole project is plan-
ned for completion by the end of 2009, when the entire route to
Siglufjordur is to be inaugurated.
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REKONSTRUKCE JAROVSKEHO ZELEZNICNIHO TUNELU
RECONSTRUCTION OF THE JAROV RAIL TUNNEL

OTAKAR HASIK, MIROSLAV CHYBA

HISTORIE

Zeleznice na nagem tzemi ma dlouhou historii. Napt. v roce 1871 bylo
u nds za jeding rok postaveno 1200 km tratf, a to bez jakékoli mechaniza-
ce, jen s pouzitim ru¢niho nafadi a povozu. Zelezni¢ni sit’byla v podstaté
vybudovana jiz kolem roku 1900.

Posdzavskd Zeleznice vznikala po etapach v rozmezi let 1881 az 1900.
Druhou etapou byl 39,6 kilometru dlouhy tisek Modfany—Dobris. Trat
z Modfan do Vranného n. Vltavou vede podél pravého biehu Vitavy vetsi-
nou pomerné priznivym terénem, jedinou prekazku tvoril skalnaty masiv
u Jarova, kterym byl prorazen 393 metra dlouhy tunel.

Stavba probihala od listopadu 1895 rychle, dobfisska trat’byla predana
do provozu 22. zaii 1897 a zpfistupnila tehdy zapomenuty kraj, coz pod-
porilo rozvoj mistniho primyslu. Ten byl naopak zdrojem stdlého prijmu
za prepravy pro Zeleznici.

Tidk

Fatieh wb inpm

Tanal s fred
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u sloreva n. Wikaveu,

Obr. 1 Dobovd pohlednice
Fig. 1 Period picture postcard

KdyZ piSeme o historii, nemuZeme nezminit pithodu z 2. vétové valky.
Na konci vélky, na jafe 1945, ttoCily americké a sovetské letouny na Ces-
kém uzemi na pozemni cile, a tim ochromovaly véle¢nou masinérii.
Lidové oznaceni ,kotlari reflektovalo fakt, Ze jejich nejcastéjSim cilem
byly parni lokomotivy (resp. jejich kotle).

Podle vypravéni ocitého svédka se jeden z ttokd odehrdl pravé pied
Jarovskym tunelem. ,,Kotldri“ nalétli nad osobni vlak nejdifve bez stielby.
Tak upozomnili cestujici a osddku, aby vlak zastavili a opustili, aby nedoslo
ke krveproliti. Pak znovu nalétli, aby znicili lokomotivu. Nez se vsak ten-
krét letadla otocila, strojvedouci vlak znovu rozjel a zajel do Jarovského
tunelu a vozy i parn{ stroj zachranil.

V 50. a 60. letech slouzila trat' mimo jiné velkému poétu vikendovych
turistu, trampu, ktefi vzdy zaplnili mistni nddrazi. Dnes jiz vlakem cestuje
lidi méné, ale romantickd trat’ vedouci malebnou krajinou povltavi
a posdzavi zvand ,,posdzavsky pacifik” je stdle populdrni a m4 jist¢ dalsi
budoucnost pred sebou, uvazuje se o elektrifikaci pro primestskou dopravu.

GEOLOGIE A HYDROGEOLOGICKE POMERY

Jarovsky tunel je vyraZen na pravém brehu feky Vltavy v zdpadnim
svahu skalniho hrebene katastru obce Zvole. Bezprostedni okolf a nadloz{
tunelu tvoif sedimenty svrchnéproterozoické $téchovické skupiny, zastou-
pené prachovci a jilovei, pouze v okoli vjezdového portdlu jsou zastoupe-
ny relativné mladsi série hrubozrmnéjsich drob. Rytmické stiiddni jednotli-
vych poloh s dklonem cca 20-40° k jihovychodu je dobfe opticky rozlisi-
telné a je patrné i na fotografiich.

Z hlediska hydrogeologického tvoif horniny $téchovické skupiny pukli-
novy kolektor se zvySenou propustnosti pri povrchové zvétralé zéné. Voda
se vyskytuje v poruchdch a otevienych puklindch a jeji vydatnost je vyraz-
né ovliviiovdna mnoZstvim sraZek, vykazuje mirnou agresivitu vaci beto-
novym konstrukcim kvuli vy$§imu obsahu siranovych ionta. V destivych
obdobich pracovnici zaznamenali fadu vyrona a zavlhlych mist v tunelu,

HISTORY

The history of railway in the Czech Republic is long. For example, the
year 1871 saw 1200km of new tracks, which were built during a mere one
year, without any mechanical equipment, using only hand tools and carts.
The development of railway network was, in substance, finished as long
ago as about 1900.

The railway line along the Sdzava River was being developed in stages
between 1881 and 1900. The second stage was the 39.6km long Modrany-
Dobiis section. The rail line from Modfany to Vranné n. Vltavou leads
along the left bank of the Vltava River, mostly through relatively favou-
rable terrain, with the only obstacle formed by a rock massif near to the vil-
lage of Jarov. The massif was overcome by means of a 393m long tunnel.

The progress of the construction, which started in November 1895, was
fast. The rail line to Dobri§ was inaugurated on 22nd September 1897 and
opened up the, at that time forgotten, region, and, consequently, promoted
the development of local industry. Conversely, the industry was a source of
permanent income for the railway.

While writing about the history, we must not fail to mention a story from
the second world war. At the end of the war, American and Soviet airpla-
nes attacked ground targets in Bohemia to paralyse the war machinery. The
Czech colloquial expression “kotldr” (“boilermaker™) for the pilots reflec-
ted the fact that the most frequent target of the fighters were steam loco-
motives (or rather their boilers).

According to an eye witness’s narration, on of the attacks took place just
before the Jarov tunnel. First, the “boilmakers” used to fly above a train
without firing so that passengers and locomotive operators were warned,
stopped the train and left it, thus bloodshed was avoided. Then they made
a loop and returned to destroy the engine. In this particular case, before the
fighters managed to return, the locomotive driver restarted the engine and
hid the train in the tunnel to save the carriages and steam engine.

In the 1950s and 1960s, the rail line was used, apart from other users, by
weekend tourists, who used to fill the local station. Today, the numbers of
passengers are smaller, but the romantic track, passing through the pictu-
resque landscape along the Vltava and Sdzava Rivers, which has been
nicknamed “the Sdzava Pacific”, is still popular and certainly has a bright
future ahead; the electrification of the track for suburban services is under
consideration.

GEOLOGY, WATER

The Jarov tunnel was driven on the right bank of the Vltava River, through
the western slope of a rock crest, in the Zvole village cadastre. The immedi-
ate surroundings and overburden of the tunnel consists of Upper Proterozoic
sediments of the Stéchovice Member, represented by siltstone and claystone;
relatively younger series of coarse-grained greywacke are found only in the
vicinity of the entry portal. Rhytmic alternation of individual SE trending

Obr. 2 Hlavni &st tunelu je ponechdna bez osténi
Fig. 2 The main part of the rock excavation is left unlined
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Obr. 3 Portdl a prvnich 40 m s provizornim zajisténim
Fig. 3 The portal and initial 40m with a temporary support

ponejvice pravé v tseku do 10 m od Vranského portélu, kde je minimalni
nadloZi (pak jiz skalni svah stoupd piikie vzharu). V obdobi rekonstrukce
byly ale srazky minimélni, nepfedpokladaly se tedy pfitoky do vyrubu.

PUVODNI STAV TUNELU A PROJEKT REKONSTRUKCE

Tunel dlouhy 393 m je obezdén jen v priportdlovych dsecich v délkéch
cca 70 m, hlavni ¢4st tunelu je ponechdna jen ve skalnim vyrubu (obr. 2).
Obezdivka portdlu k Vranému n. Vltavou byla v havarijnim stavu, prvnich
40 m bylo podskruZeno ocelovymi oblouky a drevénymi paZnicemi
a rychlost prijezdu vlaki zde byla omezena na 10 km/h.

Projekt rekonstrukce tohoto useku zpracovany firmou SEDOS v ¢ervnu
2007 vychazel z koncepce rekonstrukei jednokolejnych Zelezni¢nich tune-
10 v osmdesétych letech dvactého stoleti, provadénych zpravidla za ome-
zeného vlakového provozu na trati v nékolikahodinovych vylukdch bez
nasazeni modernich vykonnych mechanizmu. PouZival se pracovni vlak
s vagony naloZzenymi leh¢fmi mechanizmy (vrtaci soupravy, sbijeci sou-
pravy/impaktory, zdvihaci pracovni ploSiny, jefdb, stiikaci souprava)
a s vagony pro zachyceni a odvoz vybouraného zdiva, rubaniny
a materidlu. Projekt predepsal vybourdni horni ¢asti kamenné obezdivky,
tedy klenby, zv€tSeni vyrubu klenby (zvySeni tunelu pro budouct elektrifi-
kovany provoz) a provedeni izolace a definitivniho osténi klenby
s ukonéenim nad opérami. Opéry mély byt pouze zpevnény sparovanim
a injektaZ{ a drendZ svedena k zdkladum.

MODERNI ZPUSOB REKONSTRUKCE

Investor SZDC po vybérovém fizeni povéfil firmu Subterra a. s. — divi-
zi 1 rekonstrukei. Prace v tunelu se provadély v obdobi tiplné vyluky traté
od 5. 11.2007 do 20. 12. 2007 podle realizacniho projektu Metroprojektu
Praha a. s.

ProtoZe bylo zadédno, Ze hlavni prace rekonstrukce tunelu probéhnou za
tplné vyluky traté, bylo navrzeno alternativni feSeni rekonstrukce, které
feSen{ izolace a konstrukce osténi a vychézi ze soucasného strojniho vyba-
veni a zkuSenosti firmy Subterra a. s. Uprava spocivé zejména v tom, Ze
opery jsou rekonstruovany stejné jako klenba.

PRIPRAVA, BOURANI A DOBIRANI PRUREZU A PRIMARNI ZAJISTENI

Ochrana kolejového svrsku se provedla panely, dfevénym zaklopem,
Stérkem a geotextilif tak, aby se vytvorila stavebni cesta pro mechanizmy
v celé §ifi dna tunelu. Datovy kabel vyvéSeny na obezdivce byl vyménén
za novy a uloZen do nové chranicky polozené v kolejovém lozi. Pak byly
zahdjeny vlastni préce.

Smérem zevnitf tunelu k portdlu se po zdbérech odstrafiovaly ocelové
oblouky a dfevéné paZiny provizorniho zaji§téni, vybourala se stdvajici
obezdivka v klenbé a ndsledné i v opérdch, vyrubal se zvétSeny prurez
v klenbé do pozadovaného tvaru. Ndsledovalo docasné zajisténi primdrnim
osténim jako pri postupu podle NRTM tvorfené kotvami a stfikanym beto-
nem C 20/25 v tloustce cca 50-100 mm s jednou vyztuzZnou siti.

ROZPOJOVANI, PREDPOKLAD A SKUTECNOST VLASTNOSTi HORNIN
Bourdni{ osténi a rozpojovani skalni horniny (dobirani) se zdsadné pred-
poklddalo a provddélo mechanickym zpusobem, tj. pomoci impaktoru
a tunelového rypadla.
Z fyzikalnich a mechanickych vlastnosti hornin byla vzhledem ke znac¢-
né homogenité masivu a z divodu navrzeného rozpojovdni bez pouZiti
trhacich praci diileZitym parametrem pevnost v prostém tlaku. Udaje
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layers, dipping about 20-40°, is well optically recognisable and is visible
even in photographs.

From the hydrological point of view, the Stéchovice Member rocks form
a fissure aquifer, with increased permeability of the surface, weathered
zone. Water, which is found in faults and open fissures, with the yield sig-
nificantly depending on precipitation, displays a slightly corrosive effect
on concrete structures due to a higher content of sulphate ions. Workers
recorded many leaks and wet points in the tunnel in rainy periods, most of
all within the above-mentioned section up to 10m from the Vranné portal,
where the overburden is the shallowest (then the rock slope rises steeply
up). Because minimum rain precipitation was recorded during the recon-
struction, no flows into the tunnel were expected.

ORIGINAL CONDITION OF THE TUNNEL AND THE DESIGN
FOR THE RECONSTRUCTION

The 393m long tunnel is provided with a lining only in about 70m long
portal sections, whilst the rock surface in the main part of the tunnel is bare
(see Fig. 2). The lining of the portal on the side toward the village of
Vranné n. Vltavou was in an emergency condition; the initial 40m long
section of the tunnel was supported by steel frames and wooden lagging.
The speed of passing trains was restricted to 10 km/h.

The design for the reconstruction of this section, which was carried out
by SEDOC in June 2007, was based on the concept of reconstructions of
single-rail tunnels which had been applied in the 1980s, i.e. reconstructions
which were performed usually under restricted traffic and during several
one-hour closings of traffic, without modern, high performance equipment.
They used a construction train, with carriages loaded with lighter mecha-
nical equipment (drilling sets, impactors, hoisting platforms, a crane,
spraying machine) and carriages holding and carrying away masonry
debris, muck and materials. The design prescribed that the upper part of the
masonry lining, i.e. the vault, be removed, the excavated cross section be
increased in the vault (to increase the height clearance for the future elect-
rification of the rail line), a waterproofing system be installed and the final
lining of the vault ending on the top of side walls be erected. The sidewalls
were to be only strengthened by pointing and grouting and drains were to
be extended to reach the footings.

MODERN RECONSTRUCTION BY SUBTERRA A.S.

The client, the Railway Infrastructure Administration, awarded the con-
tract for the reconstruction to Subterra a.s, the winner of the tender.
Division 1 of Subterra a.s. worked in the tunnel according to a detailed
design supplied by Metroprojekt Praha a.s., in the period from 5.11.2007
to 20.12.2007, when the line was completely closed to traffic.

Because the tender conditions allowed the contractor to carry out the
principal items of the works during a complete closure of the line to traf-
fic, an alternative design for the reconstruction was approved which, while
maintaining the concept of the original design, provides a modern and reli-
able solution to the waterproofing and lining structure and, in addition, is
based on the existing mechanical equipment and Subterra’s experience.
The main item of the design modification is that the sidewalls are recon-
structed concurrently with the vault.

Obr. 4 PFi¢ny Fez puvodniho a rekonstruovaného tunelu
Fig. 4 A cross section of the original tunnel and reconstructed tunnel
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Obr. 5 Detail pobirdni skalniho masivu a puvodni obezdivky
Fig. 5 A detail of the breaking of the rock and the original masonry lining

z pruzkumu hovofily o hodnotdch 50 aZ 70 MPa. Navic se predpoklddalo
podle zkuSenosti z obdobnych rekonstrukei, Ze horninovy masiv bude za
osténim rozvolnény do vzdalenosti piiblizné 1 m a rovneZ stdvajici kamen-
nd obezdivka Ze bude narusend. Toto se k prekvapeni vSech zd¢astnénych
nestalo a skute¢na tvrdost horniny znamenala jeden z nejvétsich problému
pri rekonstrukci. Hned za obezdivkou byla méfena pevnost v tlaku, pra-
mérnd hodnota byla 137 MPa. Rovnéz vlastni obezdivka byla velmi pevnd.
Cas potiebny k rozpojovani horniny a sneseni obezdivky byl netimémé
velky a ohroZoval harmonogram praci a termin znovu uvedeni Zeleznice
do provozu.

IZOLACE, DRENAZE A DEFINITIVNI OSTENI

KdyZ bylo dokon¢eno primdrni osténi jednoho pasu, instaloval se po
obvodu klenby a opér standardni izolaéni systém destnikového typu, stej-
né jako u novostaveb se svedenim prosakujici vody k drendZim v paté opér.
Cdste¢né perforované trubky Raudril DN150 s rovnym dnem byly uloZe-
ny v mezerovitém (drendZnim) betonu a vyvedeny do odvodnovacich
Sachti¢ek pred portdlem.

Pri zpracovani realizainiho projektu bylo vybirano ze dvou systému izo-
lace, foliové izolace a stiikané izolace. Porovndni systému a ceny je nésle-
dujict:

Klady strikané izolace:

o jednodus3i a rychlejsi aplikace bez sloZitych mechanizmi (nejsou

nutné plosiny, vrtdni kotev, svafovani atd.),

® jednodussi detaily napojovani a ukonCovani,

e jednoduchd a spolehlivéjsi aplikace ve sloZitych tvarech (vyklenek,

Zlab),

o prisak se projevi v mist€ poruchy izolace (neni drendZni vrstva mezi

primdrnim a sekunddrnim osténim).

Klady féliové izolace:

e geotextilie za izolaci zajisti odvod vody (drendzni ticinek) do patec-

nich drenazi,

® nevyzaduje tak hladky, jemny povrch primérniho osténi,

e jednoduse prokazatelnd (instalovand) tloustka izolace (u stifkané izo-

lace zavisf tloustka na zkuSenosti obsluhy),

e instalaci neprovazi prasnost,

® cena je nizsi.

Vzhledem k technicky vhodnéj$im vlastnostem f6liové izolace (zejmé-
na drendZni t¢inek ochranné geotextilie a prokazatelné spolehlivé tloustky
félie) a déle vzhledem k niZsi cené a dlouhodobym zkuSenostem s timto
materidlem byla vybrana féliova izolace. Na podkladni vrstvu z geotextilie
500 g/m* upevnénou na primdrni osténi prisla izolacni fdlie PE
Carbofol®Tunnel Liner tl. 2 mm se signdlni vrstvou 0,2 mm se zesilenim
pésy félie v pracovnich spérach.

Definitivni (sekunddrni) osténi o celkové tloustee 250 mm je ze stiika-
ného betonu C 25/30 XF1 vyztuZeného dvéma polohami svarovanych sitf
pripojenych na vyztuzné oblouky. Osténi se nastiikdvalo po jednotlivych
pasech délky cca 10 m. Prvni pracovni spdra po 10 m za portdlem je dila-
tatni. Jeden vyklenek byl vybudovén 25 m od portdlu napravo, na strané
do hory, resp. na stejné stran¢ jako je stdvajici vyklenek cca 50 m od
portdlu.

GEOMONITORING

Pro ovéfeni chovani skalniho prostiedi pii odstranéni obezdivky
a dobirani prafezu byly osazeny dva pétibodové méfici profily. Namérené
deformace byly jen nékolik mm, vyrub byl stabilni, a proto definitivni
osténi jiz nebylo méreno. Geologické poméry byly sledovdny béZné na
kazdé Celbé.

TuoufHel

PLANNING, BREAKING AND ENLARGEMENT OF
THE EXCAVATED CROSS SECTION AND PRIMARY SUPPORT

Trackwork was protected by means of panels, timber decking, gravel
and geotextile. This is how a construction-purpose pavement for equip-
ment, covering the whole width of the tunnel floor, was built. The data
cable which was suspended on the lining was replaced by a new cable,
which was embedded in the ballast, in a new duct. Then the reconstructi-
on work itself started.

The steel frames and wooden lagging forming the temporary support
were removed stepwise, in individual advances proceeding from the tun-
nel interior toward the tunnel portal, the existing masonry lining was remo-
ved first in the vault and then on the sides and the excavated cross section
was enlarged in the crown to the required shape. The installation of the
temporary support followed. It consisted of the surrounding rock mass
which was reinforced by anchors and a 50 — 100mm thick layer of C 20/25
sprayed concrete with one layer of steel mesh.

ROCK DISINTEGRATION, ASSUMED AND ACTUAL ROCK
PROPERTIES

The breaking of the lining and disintegration of the rock mass (cutting
back) was, in principle, assumed to be carried out and was carried out
mechanically, using an impactor and tunnel excavator.

Of the physical and mechanical properties of the rock, unconfined com-
pression strength was of great importance with respect to the high homo-
geneity of the massif and the proposed excavation technique, avoiding the
use of explosives. The data obtained by the exploration showed values of
50 to 70 MPa. In addition, it was expected according to the general expe-
rience of similar reconstruction jobs that the rock mass behind the lining
would be loosened up to a depth of about 1.0m and the existing masonry
lining would also be eroded. To general surprise of all parties, the expecta-
tion turned out to be incorrect. The actual hardness of the rock posed one
of the biggest problems during the reconstruction. The average rock
strength which was measured just behind the lining reached 137 MPa.
Even the lining itself was very hard. The time required for the rock brea-
king and removal of the lining was excessive and threatened the works
schedule and the term for the reopening of the track to traffic.

WATERPROOFING, DRAINAGE AND FINAL LINING

When the primary lining of one round had been completed, a standard
umbrella-type waterproofing system was installed around the circumferen-
ce of the vault and side walls, in the same way as at newly built tunnels,
with the seeping water being taken down to the drains running along the
footings. Partly perforated, flat-bottom pipes Raudril DN 150 were embed-
ded in porous (drainage) concrete and connected to drainage shafts in front
of the portal.

Two waterproofing systems, i.e. a membrane and a spray-on system,
were under consideration during the work on the detailed design. The com-
parison and costs of the two systems are as follows:

Positives of spray-on waterproofing:

e simpler and faster application, without complicated equipment (there

is no need for hoisting platforms, drilling for anchors, welding etc.)

o simpler details of joints and ends

e simple and more reliable application in the cases of more complex sha-

pes (niches, troughs)

® any seepage is visible directly in the location where the waterproofing

is actually defective (there is no drainage layer between the primary
and secondary liners

Positives of membrane-based waterproofing:

o the geotextile behind the membrane acts as a drain, ending in the foo-

ting drainage

e it does not require so smooth, fine surface of the primary lining

o the thickness of the installed waterproofing layer is easy to prove (the

thickness of a spray-on waterproofing layer depends on operator’s
experience)

o the installation is not accompanied by an increased rate of airborn dust

e the cost is lower

With respect to the technically more suitable properties of membrane
waterproofing (above all the drainage effect of the protective felt and reli-
ably provable thickness of the membrane) and further, considering the
lower cost and long-term experience of the application of this material, the
membrane waterproofing system won. The system consisted of a 500g/m?
geotextile sub-base, which was fixed to the primary lining, 2.0mm thick PE
Carbofol®Tunnel Liner waterproofing membrane with a 2mm thick signal-
ling layer and strengthening bands of the membrane installed in day joints.

The final (secondary) 250mm thick lining consists of C 25/30 XF1
shotcrete, support frames and two layers of welded mesh, which are fixed




Obr. 6 Rekonstruovany tunel
Fig. 6. The tunnel after reconstruction

ORGANIZACE VYSTAVBY

Zarizeni staveni$té bylo piimo pred portdlem na pruhu podél koleji
v délce cca 150 m a v zdlivu podél silnice u Vltavy. Vsechna média byla
zajiStovédna z mobilnich zdroju. Rozebirdni obezdivky a dovyrub postupo-
valy zevnitf tunelu k portdlu. Stiikany beton primdrniho i sekunddrniho
osténi byl ze suché smési. Betondrka byla umisténa v ZS na drovni komu-
nikace a Cerpala se do vysky cca 10 m do tunelu.

Pro vystavbu byly pouZity dva malé bagry Takeuchi 153 a 183
s impaktory, univerzdlni jefdb a zdvihaci plosina Manitou, univerzalni
dvoucestny bagr Liebherr 900 (s moZnosti jizdy po kolejich), souprava pro
stifkdni suché betonové smési Aliva, kompresor, Cerpadlo na vodu (voda
byla dovazena v cisterndch) a mobilni elektrocentréla.

Dopravu a uloZeni rubaniny zajiStoval dvoucestny bagr s nakladkou na
drézni ,,mufku® osazenou kontejnerem ,striger vanou“. Rubanina byla
uloZena doCasné na ploSe pred portdlem a potom prevezena a uloZena na
sklddku. Po dokoncenf osténi a jeho proméreni byla ochrana koleje odkli-
zena a kolej smérove i vyskoveé vyrovnéna.

ZMENY V PRUBEHU REALIZACE

Vzhledem k tomu, Ze se jednalo o rekonstrukci, byly nékteré skute¢nos-
ti zjiStovany teprve béhem vystavby a podle zjisténého stavu a zaméreni
bylo nutno upravit postup praci a ¢dsti stavby.

Stdvajici zdklad opéfi byl pevnéj$i neZz nové navrZeny (vice neZ
50 MPa), proto se neboural.

Uprava drendZniho systému byla vyvoland kritkou vylukou, pii které
musela byt ponechéna kolej (pouze ochrdnéna). DrendZ v hloubce 1,2 m
pod T.K. se nedala provést. Proto byla pate¢ni drendz vyvedena az
pred portal.

ZKUSENOSTI A PROBLEMY Z VYSTAVBY Z POHLEDU
ZHOTOVITELE

Problém znamenala mald vyska pracovniho prostoru, bylo mozno nasa-
dit jen malé stroje. Bourdni osténi pod tdroven §térkového loZe pii pone-
chani kolejového svrsku bylo zna¢né zdlouhavé a problematické.
Rozsdhlejsi rekonstrukci by bylo lepsi provadét po demontdzi koleje
a s pouzitim trhacich praci. Dodrzeni projektovaného tvaru primdrniho
osténi bez vyztuznych rdmu Cinilo znalné obtiZe, proto bylo nutno rdmy
provizorné stavét jako Sablonu. )

ING. OTAKAR HASIK, hasik@metroprojekt.cz,

METROPROJEKT Prahaa. s.

MIROSLAV CHYBA, mchyba@subterra.cz, SUBTERRA a. s., divize 1
Recenzoval: Ing. Matous Hilar, MSc., Ph.D., CEng., MICE
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to the frames. The lining was sprayed stepwise, in about 10m long blocks.
The first day joint, which is 10m behind the portal, is of the expansion type.
One safety recess was provided at a distance of 25m from the portal, on the
site toward the rock massif (on the same side where there is an existing
recess — about 50m from the portal).

GEOMONITORING

Two 5-point measurement stations were installed for the purpose of
monitoring of the behaviour of the rock environment during the work on
the removal of the lining and the cutting back of the profile. The measured
deformations were only several millimetres; the excavation was stable,
therefore other measurements on the final lining were not necessary.
Geological conditions were commonly monitored at each heading.

CONSTRUCTION ORGANISATION

The site facility was erected just in front of the portal, within an about
150m long belt along the track, and in a lay-by along a road near the
Vltava. All media were provided from mobile sources.

The dismantling of the lining and the enlargement of the excavated pro-
file proceeded from the tunnel interior toward the portal.

Shotcrete for the primary and secondary liners was applied using a dry
mix. The batching plant was located at the site facility, at the road level,
and concrete mix was pumped to the tunnel, to the level of about 10m.

The list of equipment: two small excavators Takeuchi 153 and 183 with
impactors, a universal crane and a Manitou hoisting platform, a Liebherr
rail-roader excavator, an Aliva dry mix spraying set, a compressor, water
pump (water was brought in tanks) and a mobile generator.

The transport and deposition of the muck was provided by the rail-roa-
der excavator, which loaded the muck on a Diesel railcar carrying
a dumpster. The muck was temporarily deposited in the area in front of the
portal and subsequently moved and deposited to a permanent dump.

When the lining structure and the survey of the lining had been comple-
ted, the protective decking of the track was removed and the track was reli-
ned both horizontally and vertically.

CHANGES DURING THE COURSE OF THE WORKS

Because of the fact that the job was a reconstruction, some facts were
found only during the course of the works. The work procedures or parts
of the construction had to be modified in accordance with the identified
conditions.

The existing footings of the side walls were stronger than the newly
designed footings (over 50 MPa), therefore it was not demolished.

A modification of the drainage system was necessary because of the
short time of the track possession, during which the rail had to remain
untouched (only provided with protection). The drainage could not be
installed at the depth of 1.2m under the top of rail. For that reason the
drains running along the footings were brought as far as the front of the
portal.

EXPERIENCE AND PROBLEMS OF THE RECONSTRUCTION
FROM CONTRACTOR’S VIEWPOINT

The small height of the working space posed a problem: only small equ-
ipment could be used.

The breaking of the lining under the ballast bottom level, with the track-
work left in place, was very time consuming and problematic. A more
extensive reconstruction would be easier to carry out with the track remo-
ved and using the blasting.

The task to keep to the designed shape of the primary lining without sup-
port frames was very difficult. It was necessary to erect the frames tempo-
rarily, as templates.

ING. OTAKAR HASIK, hasik@metroprojekt.cz,
METROPROJEKT Praha a. s.
MIROSLAV CHYBA, mchyba@subterra.cz, SUBTERRA a. s., divize 1

Omluva autoru ¢lanku ,,Metodika zkouSeni poZaru v tunelech pozemnich komunikaci*

s

Clanek ,,Metodika zkouSeni poZérQ v tunelech pozemnich komunikact

(Tunel ¢. 1/2008) popisuje zavéry védeckého projektu OPTUN zabyvaji-

ciho se na vyzkumné trovni mimo jiné i pristupem k riznym typum zkousek poZarni bezpe€nosti.
Z ¢lanku by mohlo vyplynout, Ze metodika zkousSenf je schvdlena, cemuz tak neni. Jednd se o prvni navrh, ktery bude dél projedndvan. Plati ovSem,
Ze dopracovani metodiky bude mit velky vyznam, nebot'uvede celou problematiku zkouseni pozdry do redlné a ekonomicky akceptovatelné podoby.

Prof. Ing. Pavel Pribyl, CSc., Ing. Milan Kostil, Ph.D.



17. rocnik - €. 2/2008

Tuel

ZPRAVY Z TUNELARSKYCH KONFERENCI / NEWS FROM TUNNELLING CONFERENCES

2. SYMPOZIUM BBT 2008
BBT 2008 SYMPOSIUM

The second symposium on the Brenner Base Tunnel took place on
28th — 29th February 2008 at the Leopold-Franzens University in
Innsbruck, Austria. The symposium comprised two parts: lectures
and discussions were held on the first day, while the second day was
dedicated to an excursion to the construction sites of railway tunne-
Is in the valley formed by the Lower Inn River (Unterinntal), which
form an access route to the Brenner Base Tunnel itself.

Druhé sympozium o Brennerském bazovém tunelu se uskutecnilo
28.-29. tnora 2008 na Leopold-Franzens University v rakouském
Innsbrucku. Sympozium se sklddalo ze dvou ¢4sti: prvni den probi-
haly predndsky a diskuse, druhy den ndsledovala exkurze na vystav-
bu Zelezni¢nich tunelu v ddoli spodniho Innu (Unterinntal), které
tvorf pristupovou trasu k vlastnimu Brennerskému tunelu.

Odborné predndsky byly kromé Brennerského bdzového tunelu
zamereny i na dal§i obdobné Zelezni¢ni tunely Ci projekty (tunel
Koralm, bazovy tunel Lotschberg, tunely v tdoli Innu, Zelezni¢ni{ spo-
jeni Kolin—Ryn/Mohan, italské dlouhé Zelezni¢ni tunely, atd.). VétSina
predndsek byla zaméfena na ruzné aspekty pripravy vystavby. Jednalo
se zejména o netechnickd témata (organizace a jednotlivd stadia pri-
pravy, vybér vhodného typu smlouvy a zkuSenosti s raznymi modely
smluvnich vztaht, predbéZzné stanoveni ceny a faktory ovliviujici
vyslednou cenu v&etné zohlednéni rizik, zpusob komunikace s politiky
a vefejnosti, atd.), nicméné nékteré prispévky byly také technického razu
(ndvrh TBM pro slozité¢ geologické podminky, metoda ADECO RS,
metody a zpusoby vyhodnoceni geotechnickych prazkumu, atd.).

aiyyl

Obr. 1 Sachta pro sestaveni TBM

Diskuse po jednotlivych blocich a zdvére¢nd panelové diskuse za
Gcasti médii byly pomérné oteviené. VétSina dotazi se tykala
konec¢né ceny projektu BBT a délky doby vystavby, coZ je velmi
dulezité pro prosazovdni projektu a pro politickou scénu a vefejnost.
Diky mnoha vlivim proménnym v Case je vSak obtiZné tyto para-
metry ur¢it. Za hlavni problém neni povazZovdna omezend znalost
geologickych podminek, které je, vzhledem ke znac¢né hloubce,
obtizné predem ur¢it. VEti vliv na cenu a dobu vystavby md rozsah
projektu, ktery se béhem jeho pripravy a realizace méni (zmeny
technickych, bezpe¢nostnich a ekologickych pozadavku, valorizace,
atd.).

Pétecni exkurze na ruzné &asti projektu ZelezniCnich tunel v ddoli
Innu byla zaméfena na podzemni stavby. Dva tseky dvoukolejnych
tunelu jsou razeny pomoci TBM firmy Herrenknecht o pruméru 13 m.
Jednd se o tzv. ,,mixshieldy*, které umoznuji razbu v zeminach i ve skal-
nich hornindch. Prevazujici ¢dsti raZeb jsou provadény v sedimentech
Innu, pod hladinou podzemni vody, se stabilizaci ¢elby bentonitovou
suspenzi. Kromé ndvstévy tunelu (obr. 1) zahrnovala exkurze
i prohlidku zafizeni staveni§té véetné separatniho zafizeni a vyrobny
Zelezobetonovych segment prefabrikovaného osténi tunelu (obr. 2).

Vice tdaju o konferenci lze nalézt na webové strance:
www.bbt-symposium.eu 5

Ing. MATOUS HILAR, Ph.D.; hilar@d2-consult.cz,
ING. MARTIN SRB; srb@d2-consult.cz;
D2 Consult Prague s. r. o.

ZASEDANI VYBORU C4 PIARC ,ROAD TUNNEL OPERATION"
MEETING OF THE PIARC TECHNICAL COMMITTEE C4 ,ROAD TUNNEL OPERATION*

PIARC, the world road association which unambiguously defines
trends in the equipment and operation of tunnels, works in 4-year cyc-
les, which end by the publishing of numerous documents. The last
cycle ended in 2007 by the World Road Congress, which was held by
the PIARC in the autumn in Paris. This means that the meeting of the
Technical Committee C4 held in March 2008 was the first within the
new 4-year cycle (2008-2011). The main objective was to define tasks
and the working groups which will accomplish them.

Organizace PIARC, kterd jednozna¢né urCuje trendy ve vybavovani
a provozovani tunelu, pracuje ve tytletych cyklech, které kon&i vyddnim
fady dokumentu. Posledni cyklus byl ukongen v roce 2007 podzimnim
svétovym kongresem PIARC v Pafizi. Zaseddni vyboru C4 v breznu
t. r. bylo tedy prvni v novém Ctyrfletém cyklu (2008-2011). Hlavnim
cilem bylo definovat tikoly a pracovni skupiny, které je budou realizovat.

Hned v dvodu je nutné zduraznit, e &innost ITA a PIARC neni
v rozporu, nebot byla harmonizovdna vzdjemnou dohodou, kterd
v principu fikd, Ze ITA m4 v pfedmétu zdjmu vlastni vystavbu tunel

a s tim souvisejici ¢innosti, jako je geologie, geotechnika atd., zatim-
co PIARC se zabyva prevdzné vybavovanim a provozovanim tuneld.
Zaseddn{ se konalo ve dnech 26.-27. brezna na La Defance v Pafizi. Prvni
den dopoledne se konalo spolecné zasedani viech &yt vyboru, které se zaby-
vaji bezpe¢nosti na pozemnich komunikacich (TC C.1 az TC C4). Nésledné
se ¢innost rozdélila a jedndni vyboru C4 ,,Road Tunnel Operation* vedl novy
predseda P. Schmitz (Belgi¢an). Vysledkem diskuse k nédplni prace na dal§i
tidobf je vytvoreni pracovnich skupin, které maji ndsledujici ndpln préce:
WG1 Provoz a bezpecnost
2. Doporuceni na organizaci bezpeCnosti v tunelu v&etné role
a vzdélani hraca
5.Névod pro trénink tunelovych tymu, cviceni a zpétné vazby
Z provozu
6. Doporuceni na organizaci servisu a inspekci
WG2 Analyza rizik
1. Zprava sumarizujici prioritni oblasti zlepSovan{ bezpecnosti tune-

10 zaloZen4 na analyze ndkladd a piinosa




TuHel

2. Smérnice pro analyzu rizik a soucasny stav v akceptovani rizika

WG3 Komunikace s tunelovymi uzivateli

4. Smérnice na vyuku fidi¢t a komunikaci v redlném Case s uZivateli
tunelu

WG4 Tunelova ventilace a ohen

7. Novd data o vozidlovych Skodlivindch v€etné novych $kodlivin
a doporuceni pro ventilacni systémy

8. Inovované doporuceni na ndvrh pozaru pro ventila¢ni systém

9. Smérnice pro aplikovéni, efektivitu a provoz fixnich hasicich systému

WGS Komunikace a znalosti

10. Vytvorit obecné kontextové tabulky, propojené na relevantni

dokumenty a pozadavky na dals{ praci

SMOLIK lJiri WG2 -M jsmolik@subterra.cz
SAJTAR Ludvik WG2 -M ludvik .sajtar@satra cz
STRANSKY Vaclav WGI1 -M stranskyv@eltodo.cz
LEBL Ales WG1 - M lebl@tunel-tech.info
NOVAK Miroslav WG4 - M novak @metroprojekt.cz
ZAPARKA Jiri WG4 - M jiri.zaparka@upcmail .cz
PRIBYL Pavel WG2 - CM pribylp@eltodo.cz
WG5S - CM

Ve druhém sloupci tabulky pismeno ,,M* znamend, Ze odbornik je
fadnym ¢lenem skupiny (Member) se v§emi pravy a s povinnosti se
Ucastnit jednotlivych zaseddni. Oproti tomu CM (Correspondence
Member) se neticastni zaseddni, ale prfispivé k Cinnosti pisemnou for-
mou. Je také uvadén jako spoluautor zpracovdvanych dokumentu.

ZAVER
Vybor C4 ,,Road Tunnel Operation® si klade velmi ambicidzni cile, kdy

se kromé ,tradi¢ni domény souvisejici s analyzou rizik siln¢ orientuje na
organizaéni aspekty provozovani tunelu a na vzdélavani a komunikaci
s vlastnimi uZivateli, coZ nejsou jenom fidici, ale i dalsi osoby ve vozidlech.
V tomto tématu m4 velmi blizko i projekt ministerstva dopravy SAFETUN,
kdy Fakulta dopravni, jako Clen feSitelského kolektivu, md v leto$nim

a pristim roce zpracovat metodiku vyuky dispederu.
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11. Vytvoreni dokumentu prezentujicitho systematicky dostupné

znalosti pro specialisty nebo praktické informace pro nespeci-

. alisty.

Cisla vystupu souhlasi s puvodnim rozpisem témat.

Velkou pozornost vyvoldva stéle analyza a fizen{ rizik v tunelech.
K té bylo sdéleno, Ze koncem roku 2008 bude Evropskd komise zadat
¢lenské stity o popis ndrodni metody analyzy rizik. V dubnu 2009 by
melo byt vSe publikovdno a ndsledné mohou (a nemusi) byt metody
harmonizovany. To je rozdil oproti minulosti, kde se mluvilo
o nutnosti mit pouze jednu evropskou metodu.

Do préce v pracovnich skupindch jsou, stejné jako v minulych
letech, zapojeni nasi odbornici. Po dohodé s Tunelovou sekci Ceské
silni¢n{ spolecnosti, byli za ¢eskou stranu nominovani kolegové:

Bezova 1658, 147 14 Praha 4 Subterra a. s.
Sokolska 32, 120 00 Praha 2 Satra a. s.
Novodvorska 14, 14201 Praha 4 Eltodo EG a.s.
Cer&anska 12, 140 00 Praha 4 RSD

I. P. Pavlova 2, 120 00 Praha 4 Metroprojekt a. s.
Sokolska 32, 120 00 Praha 2 Satra a. s.

Novodvorskd 14, 142 01 Praha 4 Eltodo EG, a. s.

Fakulta dopravni

Dalsim ambiciéznim tikolem je zajistit $ifeni informaci do odborné
verejnosti, které PIARC za patnéctiletou periodu dosud zpracoval do
25 technickych zprav. Tim se bude zabyvat pracovni skupina WGS5,
protoZe je nutné dostat ke koncovym uZivatelim znalosti obsaZené na
vice nez 1500 strandch zminénych dokumenta.

Za dulezité Ize povaZovat, 7e Ceska republika bude mit opét zastou-
peni svymi experty v pracovnich skupindch, byt ndroky na jejich
odborné znalosti jsou vysoké a kromé toho k tomu pristupuji i cestovni
naklady, které si hradi ze svych prostiedku. Na druhé strané je stdle
mozné se k Cinnosti ve skupiné prihldsit cestou ndarodniho vyboru
PIARC. 5

PROF. ING. PAVEL PRIBYL, CSc.,
ndrodni delegdt ve vyboru C4, pribylp@eltodo.cz,
ELTODO EG, a. s.

TUNELARSKE ODPOLEDNE - ZELEZNICNI TUNEL BREZNO
TUNNELLERS' AFTERNOON - THE BREZNO RAILWAY TUNNEL

The ITA/AITES Czech Tunnelling Committee started a series of
regular half-day seminars, which are held under the title
Tunneller’s Afternoon. The first of them took place on Tuesday
15th April 2008 at the Masaryk’s College, the Czech Technical
University in Prague. It was dedicated to the Brezno railway
tunnel. The objective of the seminars is to create space for the
exchange of information and know-how in the area of underground
construction. The event should allow less formal meetings of the
professionals who are interested in this branch of construction, no
matter in which aspect.

The first Tunneller’s Afternoon was attended by more than 70 per-
sons (see Fig. 1). The session was opened by Ing. Otakar Hasik

Obr. 1 Pohled do sdlu
Fig. 1 A view of the meeting room

(Metroprojekt Praha a.s.), the main organiser — see Fig. 2. Then the
attendees were welcomed by Ing. Ivan Hrdina, the chairman of the
CTuC. The subsequent discussion was moderated by Prof. Ing. Jif{
Bartdk, DrSc. The seven papers which were presented contained
a lot of interesting information about the planning and implementa-
tion of the Brezno tunnel construction.

V ttery 15. 4. 2008 se uskute¢nilo v Masarykové koleji CVUT
v Praze Tuneldrské odpoledne, které bylo zaméfeno na Zelezniéni
tunel Bfezno. Jednalo se o prvni ze seminéiu, které budou pravidel-
né organizovany CTuK. Cilem seminafi je vytvoreni prostoru pro
vyménu informaci a zkuSenosti z oblasti podzemnich staveb. Méla

ﬁ

Obr. 2 Ing. Otakar Hasik zahajuje jedndni semindre
Fig. 2 Ing. Otakar Hasik opens the discussion



17. rocnik - €. 2/2008

Obr. 3 Prezentace Feditele stavby Ing. Milana Majera ze SZDC s. o.
Fig. 3 Presentation by the project director Ing. Milan Majer, Railway
Infrastructure Administration s. o.

by to byt méné formdlni setkdvani odborniku, které tato oblast
jakymkoli zptisobem zajima.

Tuel

Prvniho Tuneldfského odpoledne se zicastnilo pres 70 zdjemcu
(obr. 1). Setkdni uvedl hlavni organizdtor Ing. Otakar Hasik
(Metroprojekt Praha a. s.) — viz obr. 2, po ném pritomné privital
predseda CTuK Ing. Ivan Hrdina. Pribéh jednani nasledné modero-
val prof. Ing. Jif{ Bartdk, DrSc. Celkem bylo predneseno 7 prezen-
taci, ve kterych byla uvedena rada zajimavych informaci o pfipravé
a prubéhu vystavby tunelu Bfezno.

Po prezentacich ndsledovala velmi zivd diskuse, vyvoland
zejména vybérem témat prezentaci a obtiZnym prub&éhem vystavby
tunelu Brezno. Za velmi prinosnou lze povaZovat pritomnost
zdstupcli investora stavby (obr. 3), v&etné feditele SZDC Plzeit
Ing. Viclava Stastného, ktefi se do diskuse aktivné zapojili
a kladné hodnotili snahu tunelarské komunity o tomto projektu dis-
kutovat a z projektu se poucit pro realizaci dalSich tunelovych pro-
jektu na Zeleznici. Diskuse se protdhla skoro do 19.00 hod., kdy
byl semindr ukoncen.

Dalsi Tunelarské odpoledne se bude konat v fijnu 2008, tématem
budou tunelové objekty staveb silni¢niho okruhu kolem Prahy 513
a 514. Pozvanka bude rozesldna a uvedena na webové strdnce
CTuK; vSichni zdjemci jsou jiz dnes srde¢né zvéni.

Ing. MATOUS HILAR, Ph.D.; hilar@d2-consult.cz;
D2 Consult Prague s. r. o.

5. MEZINARODNI SYMPOZIUM O STRIKANEM BETONU
Moderni pouzivani betonu stfikaného mokrou cestou pro podzemni stavby

FIFTH INTERNATIONAL SYMPOSIUM ON SPRAYED CONCRETE

The fifth Symposium on Sprayed Concrete was held on 21st — 24th
April 2008 in Lillehammer, Norway; it was focused on the use of
wet-mix sprayed concrete in underground construction. The
seminar itself was preceded by the ITA/AITES Executive
Meeting and a meeting of the WG12 (the Working Group for
shotcrete). More detailed information is available on the web
page: www.sprayedconcrete.no.

Pité sympozium o stifkaném betonu (SB) se uskute¢nilo 21.-24.
dubna 2008 v Lillehammeru v Norsku (déjist¢ ZOH 1994). Vlastni
konferenci predchézelo setkani exekutivy ITA-AITES a setkdani WG12
(pracovni skupina pro stfikany beton), kde byla zastoupena i CR.

Konference se zicastnilo priblizné 150 delegata, celkem bylo pred-
neseno asi 40 piispévki véetné 2 piispévki z CR. Hlavni piispévky
byly predneseny prvni den. Prof. Celestino Tarcisio (vedouci WG12)
prednesl prispévek o Cinnosti skupiny. Hlavni ndplni WGI12 je
v souCasnosti testovani a porovnani vlivu riznych druhu vldken na
vysledné chovani vldknobetonu, testovani probihd od roku 2006 ve
Stole Hagerbach ve Svycarsku. Dal§imi feSenymi tématy jsou certifi-
kace operétort trysky, sjednocovéni ndstfiku betonu do zkuSebnich
forem, zvySovani poZarni odolnosti SB, atd. Ndasledujici predndsku
mél Knut Garshol (predchozi vedouci WGI12) a jeji ndplni byla

soucasnd situace oboru (State of the Art Report). Prezentace prinesla
informaci o vyvoji a soucasné situaci SB v ruznych zemich. Déle byly
diskutovéany soucasné trendy ve vyuZziti SB pro trvald osténi, moZnos-
ti vyztuZeni osténi ze SB, soucasné moznosti vybaveni pro néstfik SB,
vyvoj technologie SB, soucasnd legislativa, vliv trhacich praci na
vlastnosti SB, atd. Dand zprdva bude zvefejnéna na webu ITA-AITES.
V dalsich prednédskdch byla diskutovdna soucasnd témata, jako
jsou moznosti vyuziti ocelovych a polypropylenovych vldken,
problematika ndvrhu a posouzeni vldknobetonovych osténi, zvy-
Sovani pozarni odolnosti, vodonepropustnosti a Zivotnosti SB,
stiikané membrany, souasné normy a smérnice pro SB, soucasny
stav zavadéni certifikaci nastfikdvaca, atd. Rada piispévkid byla
soustfedéna na vyuziti stifkaného vldknobetonu pro trvald osténi,
coz je bézny pristup v Norsku, ktery je nyni stdle Castéji uplatno-
van i v dalSich zemich. V rdmci konference se konala také ndvste-
va Norského muzea rozpojovéani hornin, kde byl predveden vyvoj
technologie pro razby podzemnich staveb v Norsku. Exkurze
zahrnovala také prezentaci o vystavbé nejdel§iho silni¢niho tune-
lu Laerdal. Vice idaji o konferenci Ize nalézt na webové strance:
www.sprayedconcrete.no .
Ing. MATOUS HILAR, Ph.D.; hilar@d2-consult.cz;
D2 Consult Prague s. r. o.

ZE SVETA PODZEMNICH STAVEB / THE WORLD OF UNDERGROUND CONSTRUCTIONS

REVIZIA STN 73 7507 PROJEKTOVANIE CESTNYCH TUNELOV
REVISION OF STN 73 7507 STANDARD: DESIGN OF ROAD TUNNELS

On the basis of an order placed by the Slovak Road Administration
and from an initiative of the Ministry of Transport of the Slovak
Republic, Amberg Engineering Slovakia, s. r. 0., Bratislava, developed
a revision of STN 73 7507 standard: Designing of Road Tunnels,
which was published in 2001. The basic motive for the revision was
the bringing of the standard into harmony with the European directive
2004/54/ES on minimum safety requirements for tunnels, the require-
ment of the Ministry of Transport for the modification of geometric
design of a road in a tunnel and the incorporation of conditions for
construction of lay-bys in front of tunnels.

Based on the reassessment of the content of the original 2001stan-
dard and the comparison of the standard with standards being in force
in neighbouring states dealing with the designing of road tunnels, the
author arrived at the opinion that the original extent of the revision had

been insufficient and the standard required complete reworking and
the addition of parts which had not been contained in the original stan-
dard. The additions to the revision of the STN standard dealt mainly
with the following parts:

e environmental protection,

e operation, maintenance and cleaning,

« safety (safety concept, threats and risks, safety documentation),

* analysis (requirements for structural properties of a tunnel),

* proportioning,

 waterproofing systems, accumulation emergency reservoirs,

e construction parts associated with a tunnel (portals, equipment

centres and ventilation centres),

e tunnel equipment designing rules.
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Such the extensive modification of the STN 75 7307 fully follows » zasady pre navrhovanie technologického vybavenia tunelov.
the newest know-how and PIARC/AIPCR, ITA/AITES, SIA Takato rozsiahla tpravu STN 75 7307 je plne v zmysle najnovsich
(Switzerland), RVS (Austria), RABT (Germany) and other standards. poznatkov a noriem PIARC/AIPCR, ITA/AITES, SIA (gvajéiarsko),
RVS (Rakuisko), RABT (Nemecko) a iné. V nasledujicej Casti sa
UvoD zameriam iba na niektoré nové, resp. revidované kapitoly normy.
Na projektovanie, priestorové usporiadanie a vybavenie novonavr- -
hovanych tunelov na cestnych a miestnych komunikdcidch platila do REVIZIA STN 735 7507
konca roka 2007 norma STN 73 7507: 2001. Pretoze pévodna STN 73 Z priestorovych dovodov nie je mozné sa venovat' vSetkym zmenam,
7507 z decembra 1995 bola prekladom byvalej ON 73 7507 z janudra a preto spomeniem iba niektoré.
1989 a niektoré ustanovenia ddvnejsie stratili aktudlnost, pripadne pre Terminy a definicie
ndvrh niektorych zariadeni tunela chybali, so stihlasom jednotlivych V ramci revizie sa meni pdvodny ndzov normy Projektovanie tune-
stavebnikov (vtedy najmé Slovenskej spravy ciest, teraz Narodnej dia- lov na pozemnych komunikdcidch na Projektovanie cestnych tunelov.
Ini¢nej spoloCnosti, a. s.) sa pri projektovani vyuZivali aj rakuske Terminy a definicie si prevzaté z novych Technickych podmienok
a §vajciarske smernice a normy. KedZe nielen z pohladu projektanta, (TP) 05/2006 Tunelové néazvoslovie, ktoré vypracovala spolocnost
ale aj stavebnika bola tdto situdcia netinosnd, Slovenska sprava ciest sa Amberg Engineering Slovakia, s. r. 0. TP stanovuji pojmy tykajtce sa
rozhodla spracovat’ novi normu, priCom za zdklad sa zobral preklad vystavby a prevadzky podzemnych objektov na pozemnych komuni-
&eskej normy CSN 73 7507 Projektovéni tunelu pozemnich komuni- kdcidch, definuji ich v zmysle aktudlneho stavu poznania
kaci. Norma z roku 2001 neobsahovala zakladné poziadavky poZiarnej v stredoeurdpskom priestore, odborne uzndvaného v celosvetovom
bezpecnosti tunelov, ktoré sa riesili osobitnym predpisom. Rovnako meradle tak, aby sa dosiahla jednotnost’a spravnost pri ich uzivani. TP
neobsahovala ustanovenia na vypocet konStrukcie tunelov, ich realizd- st doplnené slovensko-anglicko-nemeckym slovnikom pouzivanych
cie a technologického vybavenia. Neobsahovala ani dalsie asti, tykaj- pojmov.
Uce sa bezpecnosti tunelov. Bezpeénost’
Za poslednych 5 rokov sa podstatne zmenili poZiadavky na tunely Doplna sa kapitola 3 Bezpe¢nost. Okrem popisu ohrozeni a rizik
z pohladu ich bezpecnosti (poucenie z rozsiahlych poZiarov v cestnych a opatreni na zamedzenie a zniZenie rizika pocas prevddzky a udrzby
tuneloch 3tatov EU a Svajciarska). Na Slovensku sa za uplynulé obdo- tunela sa napriklad nanovo uvddza pojem bezpecnostny koncept.
bie neprijali ani Ziadne predpisy rieSiace napr. technologické vybave- Bezpecnostny koncept
nie tunelov. Preto na zdklade objedndvky Slovenskej spravy ciest Cielom bezpecnostnej koncepcie tunela je navrhnit stavebné, tech-
a podnetu z Ministerstva dopravy post a telekomunikécii SR (MDPaT nické a organizacné opatrenia na zmensenie rizika, zabranenie vzniku
SR) spolo¢nost’” Amberg Engineering Slovakia, s. r. o., Bratislava, krizovych situécii alebo nehdd s katastrofalnym rozsahom, zmensenie
vypracovala reviziu normy STN 73 7507 Projektovanie tunelov na ich potencidlu nebezpecenstva, ako aj obmedzenie ich negativnych
pozemnych komunikdcidch, vydanej v roku 2001. Zakladnym podne- ucinkov. Primdrnym cielom je ochrana obyvatelstva (osobnd bezpec-
tom revizie bolo zosuladenie normy s eurépskou smernicou nost) a zivotného prostredia. Ciele bezpecnostnej koncepcie sa maji
2004/54/ES o minimdlnych bezpecnostnych poZiadavkach na tunely, dosiahnut’ pomocou organizacie bezpecnosti spravcu tunela, analyzou
poziadavka MDPaT na tpravu priestorového usporiadania komunikd- bezpecnosti tunela a vedenim bezpecnostnej dokumentacie.
cie v tuneli a zapracovanie podmienok na vystavbu odstavnych ploch Bezpecnost' tunela sa musi riesit' v kaZdej etape Zivotnosti tunela,
pred tunelmi. Na zdklade prehodnotenia obsahu pdvodnej normy pri¢om navrhnuté opatrenia a rieSenia bezpecnosti tunela musia splnat’
z roku 2001 a jej porovnania s aktudlnymi normami platnymi poziadavky podla Nariadenia vlady SR ¢. 344/2006 o minimdlnych
v okolitych Statoch rieSiacich projektovanie cestnych tunelov spraco- bezpecnostnych poZiadavkéch na tunely v cestnej sieti.
vatel' dospel k ndzoru, Ze povodny rozsah revizie je nedostatocny Sirkové usporiadanie jazdného pasu
a normu je treba kompletne prepracovat’ a doplnit' o Casti, ktoré Upravuje sa Sirkové usporiadanie cestnej alebo miestnej komunikd-
v pdvodnej norme neboli. Doplnenie revizie STN sa tykalo najmi cie v tuneli. To je urené Sirkou by medzi zvySenymi obrubnikmi
tychto Casti: a Sirkami obojstrannych zvySenych nidzovych chodnikov p. Jednotlivé
e ochrana Zivotného prostredia, kategérie st oznacené podla §irky medzi zv§senymi obrubnikmi. Sirku
e prevadzka, ddrzba a Cistenie, medzi zvySenymi obrubnikmi b0 tvori sucet §irok jazdnych pruhov a,
* bezpecnost’ (bezpecnostny koncept, ohrozenia a rizikd, bezpec- vodiacich prizkov vy, v, , nidzovych pruhov ¢, a pripadne Sirky pri-
nostnd dokumentécia), davnych pruhov pre pomalé vozidld alebo predchadzacich pruhov.
e analyza (poziadavky na statiku tunela), Prehlad jednotlivych kategorii tunelov obsahuje tab. 1.
 dimenzovanie, Prejazdny prierez
* hydroizola¢né systémy, akumula¢né havarijné nadrze, Prejazdny prierez tunela sa stanovuje v zdvislosti od kategérie tune-
e Casti stavby stvisiace s tunelom (portdly, technologické a vetracie la a dopravného vyznamu cestnej alebo miestnej komunikdcie.
centrdly), Upravend schéma prejazdného prierezu tunela je na obr. 1.

Tab. 1 Prehlad Sirkového usporiadania komunikdcie v tuneli

Druh Kategoria Navrhova Rozmery prvkov priecneho rezu v [m] Nadviizujiica navrhova kategéria komunikacie?
tunela tunela®  rychlost’
[km.h'] a v, v, G b, P b,

Dvojpruhovy 2 T-7,50 80, 100 3,50 0,25 - - 7,50 1,0 9,50 R 22,5; C 22,5; D 24,5; R 24,5
jednosmerny D 26,5; R 26,5
tunel

2 T-8,00 100,120 3,75 0,25 - - 8,00 1,0 10,00 MR 24,5; MR 26,5; MZ 25+20; D 24,5; R

24.5; D 26,5; R 26,5

2T-10,75 120 875 0,25 0,50 2,50 10,75 1,0 12,75 D 28; D 26,5; MR 26,5
Dvojpruhovy T-6,50 70 3,00 0,25 - - 6,50 1,0 8,50 C175
obojsmerny T-8,00 80 3,50 0,25 - 0,25 8,00 1,0 10,00 C9,5; MZ 14+9
tunel T-9,00 80 3,50 0,25 - 0,75 9,00 1,0 11,00 C11,5

) Kategéria tunela je charakterizovand $irkou medzi obrubnikmi.
2) Nadvizujice ndvrhové kategérie komunikécif si uvedené podla STN
73 6101 a STN 73 6110. Ich skratkové oznacenie podla STN 73 6100 je nasledovné:
D - dialnica, MR - miestna rychlostnd komunikdcia,
R - rychlostna cesta, MZ - miestna zbernd komunikdcia,
C - cesta.
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05 klopenia vozavky

v
>
2isl6 os jozdného resp. smerového pésa

Obr. 1 Schéma prejazdného prierezu tunela (Amberg Engineering Slovakia,
s.r.0.)

Technologické vybavenie tunela
Podstatne sa doplnila a rozsirila kapitola stanovujica poZiadavky na
technologické vybavenie tunela. Technologické vybavenie tunela
zahrnuje nasledovné Casti:
— dopravny systém (dopravné znacenie a znacky, zariadenie na
meranie vysky vozidiel, svetelnd signalizdcia, oto¢né zavory),
— osvetlenie tunela,
— vetranie tunela,
— komunikac¢né, meracie a detekéné zariadenia,
— poziarno-technické zariadenia a zariadenia na protipoZiarny zasah,
— technologické centrdly a centrdlny riadiaci systém,
— z4sobovanie elektrickou energiou,
— zariadenie na ddrzbu (napr. Cistenie).
Dopravny systém
2vislé dopravné znacenie
V tuneli sa pouZivaji nasledovné signalizacné znacky a dopravné
zariadenia:
— trvalé dopravné znacky,
— svetelné signalizacné zariadenia,
— svetelné signdly pre jazdu v pruhoch,
— premenné dopravné znacky,
— dalgie dopravné znacky (informac¢né, orientacné a pod.).
Vodorovné dopravné znacenie
V tuneli s obojsmernou premédvkou musia byt jazdné pruhy oddele-
né dvojitou pozdlZnou stvislou Ciarou. V tuneli s jednosmernou pre-
mavkou musia byt jazdné pruhy oddelené jednou pozdlZznou preruso-
vanou ¢iarou. Vymedzenie jazdného pruhu v tuneli (pri jednosmernej
a obojsmernej premdvke) musi byt vyhotovené po jeho oboch stra-
ndch. Na zvyraznenie vymedzenia jazdného pruhu sa pouZiju svetelné
LED gombiky instalované po oboch strandch tunela na nidzovom
chodniku.
Oznacenie bezpecnostnych zariadeni
Oznalenie bezpe¢nostnych zariadeni zahiiia (pozri TP 04/2006
Poziarna bezpecnost cestnych tunelov, ktoré pre MDPaT SR vypraco-
vala spolo¢nost Amberg Engineering Slovakia, s. r. 0.):
— oznacenie SOS vyklenku dopravnou znackou,
— oznacenie zariadeni nddzového volania (SOS kabin) bezpecnostny-
mi znackami (znacka ,,hasiaci pristroj*“ a ,.tlaidlovy hldsi¢ EPS*),
—znacenie nudzovych vychodov a tnikovych ciest dopravnymi
znackami.

Osvetlenie tunela

Osvetlenie vozovky

Pri osvetleni vozovky rozliSujeme medzi nasledovnymi druhmi
osvetlenia:

— prejazdové osvetlenie,

— adaptacné osvetlenie (vjazdové a vyjazdové pdsmo),

— nidzové osvetlenie.

Nudzové osvetlenie je sicastou prejazdového osvetlenia a slizi na
osvetlenie jazdnych pruhov pri vypadku elektrickej energie. Nidzové
osvetlenie je napojené separdtne na ndhradny zdroj elektrickej energie
(UPS, dieselgenerator).

PoZiarne niidzové osvetlenie

PoZiarne nidzové osvetlenie slizi v pripade poziaru ako nidzové
osvetlenie nechrdnenych tnikovych ciest v tunelovej rire. PoZiarne
nidzové osvetlenie musi byt napojené na ndhradny zdroj elektrickej

Tuel

energie. Svietidld poZiarneho nidzového osvetlenia v tunelovej rire sa
musia umiestnovat na strane nidzovych vychodov vo vyske od 0,8 do
1,0 m nad povrchom niidzového chodnika a ich vzdjomnd vzdialenost’
je najviac 25 m.

Vetranie tunela

Vetraci systém tunela patrf medzi zdkladné systémy zabezpecujiice
bezpecnost uzivatelov tunela, a to pocas normalnej prevadzky, ako aj
v pripade mimoriadnej udalosti. Vetrac{ systém tunela musi pocas nor-
malnej prevadzky zabezpecovat nasledovné:

najvyssia pripustnd koncentricia COjim = 70 ppm,
— zaistit’ dobrud viditelnost’ potrebnd na prejazd vozidiel-pripustnd
opacita Kji = 0,005 m!,

— riadit’ rozptyl Skodlivych latok vo vzduchu, a tym zniZit' emisné

zatazenie okolia tunela.
V norme st popisané vetracie systémy. PoZiadavky na poZiarne vet-
ranie su uvedené v TP 04/2006.
Riadiace centrum
Pre tunely sa navrhuji riadiace centrd sliZiace na:
—riadenie dopravy a premdvky — sliZi na riadenie a dohlad nad
dopravou, ako aj na riadenie zdsahu zdchrannych zloZiek
v pripade mimoriadnej udalosti v tuneli,

— riadenie prevaddzky — slizi na dohlad nad technickymi zariadenia-
mi a na zabezpecenie ich prevadzkyschopnosti.

V technologickej centréle na portali tunela sa m6zu umiestnit’ zaria-
denia (bezobsluzny termindl, dstredna a pod.), ktorymi je mozné vyko-
navat vSetky funkcie riadiaceho centra na riadenie dopravy
a prevadzky v pripade potreby.

Monitorovacie systémy

V tuneli sa inStaluji nasledovné zariadenia na meranie a detekciu:

— meranie fyzikdlnych veli¢in (koncentracia CO a NOx,, opacita K,

rychlost’ a sila pridenia vzduchu, intenzita jasu, meranie otdcok
a vibracii ventilatorov),

— detekcia vozidiel,

— meteorologické zariadenia,

— videodohlad.

Detekcia vozidiel

Detekcia vozidiel je tvorend detektormi vozidiel a pocitacovym
vyhodnocovanim ako stcastou integrovaného riadiaceho systému
tunela. Hodnoty ziskané meranim a dpravou dopravnych dét sd spra-
covavané v dopravnom modeli, ktory je podstatnou Castou dopravné-
ho systému tunela. V tuneloch sa inStaluji mikrovinné detektory, ktoré
pracuji v rozsahu GHz, resp. videodetektory.

Meteorologické zariadenia

Podla poziadaviek sa v tuneli inStaluji meteorologické zariadenia na
kontrolu vplyvu pocasia na premdvku v tuneli. In§talované zariadenia
sleduji najméd ndmrazu na komunikécii, relativnu vlhkost' a teplotu,
resp. hmlu.

Videodohlad

Videodohladom sa vybavuji vSetky tunely, ktoré si vybavené
mechanickym vetracim systémom. Videodohlad v tuneli sa navrhuje
tak, aby pokryval pristupové a prejazdové komunikdcie (vjazdy, vyjaz-
dy z tunela a tunelové riry), SOS a hydrantové vyklenky, nidzové
zalivy, priechodné a prejazdné priecne prepojenia a vstupy do nich.
Komunikacné zariadenia

V tuneli sa inStaluji nasledovné komunikacné zariadenia:

— tunelovy rozhlas,

— radiové spojenie,

— dopravné réadio,

— zariadenie nidzového volania (SOS kabina).

SOS kabiny sa musia umiestnit’v blizkosti portdlov a vo vniitri tune-
la do SOS vyklenkov v odstupoch najviac 150 m. SOS vyklenok sa
moze vyhotovovat' v kombindcii s hydrantom. V kazdom nddzovom
zélive alebo najviac do vzdialenosti 10 m od nidzového zdlivu sa mus{
umiestnit’ jedna SOS kabina. DalSie poziadavky na komunikacné zari-
adenia su uvedené v TP 04/2006.

Zdsobovanie elektrickou energiou

Tunel sa musi napdjat’ elektrickou energiou z dvoch nezavislych
zdrojov. Za nezdvisly zdroj elektrickej energie sa povazuje uzol pre-
nosovej siete 400 kV, 220 kV alebo 110 kV a zdloZny zdroj napdjania.

Tunel mo6ze byt napdjany nasledujicimi sposobmi:

— normélne napdjanie elektrickou energiou: zdroj z prenosovej siete,

— ndhradné napdjanie elektrickou energiou:

e druhy nezavisly zdroj z prenosovej siete,




TuouHel

* nezdvisly zdlozny zdroj napdjania (dieselagregit, atd.),
— zdroj nepreruSovanej dodavky elektrickej energie (UPS, RUPS).
Kapacita zdlozného zdroja pri ndhradnom napdjani musi v pripade
potreby zabezpecit’ zasobovanie zariadeni, ktoré zabezpecujui bezpec-
nost’ prevadzky a poziarnu bezpeénost’ podla TP 04/2006.

ZAVER

Kompletnou reviziou STN 73 7507, vritane zmeny jej ndzvu na
Projektovanie cestnych tunelov sa dostdva projektantovi do rik
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ndstroj, pomocou ktorého dokdzZe navrhniit rozhodujiice Casti tunelo-
vych stavieb. Celkovo sa norma upravila tak, aby bola v stlade
s obdobnymi zahrani¢nymi predpismi pre projektovanie tunelov (Svaj-
¢iarsko, Nemecko, Rakiisko) a odporuceniami svetovej cestnej asocid-
cie PIARC/AIPCR z hladiska zaistenia hospoddrneho priestorového
usporiadania primeranymi investicnymi ndkladmi
a s optimdlnou tdrovnou bezpe¢nosti cestnej premavky v tuneli.
ING. MARTIN BAKOS, Ph.D., mbakos @amberg.sk,
AMBERG ENGINEERING SLOVAKIA, s. r. o.

tunelov s

TRI DESATROCIA OD VYSTAVBY PRECERPAVACEJ VODNEJ ELEKTRARNE CIERNY VAH
THE CERNY VAH PUMPED STORAGE POWER PROJECT COMPLETED THREE DECADES AGO

The Cierny Vah pumped storage scheme represents a unique con-
struction project, the first of its kind in former Czechoslovakia. The
beginning of this project dates back to 1974, the inauguration took
place in 1982. The scheme is located on the northern edge of the Low
Tatras National Park, near the confluence of the Cierny Véh and Biely
Vih Rivers, at a distance of about 12km east of the town of Liptovsky
Hréadok. The original intention to use the hydropower potential of the
Cierny Viah River from the 1950s assumed that a 150 million m3 dam
reservoir would be built and water would be diverted through a tunnel
to the Biely Véh valley. This solution, using the difference in elevati-
on of 100m, would have yielded an output of SOMW. In the 1960s, this
intention was reassessed. The decision was made that it would be more
profitable if a pumped storage scheme allowing generation of 400MW
is developed.

During the work on the feasibility study, the solution was shifted up
to a proposal for an increase in the output to 660MW. This version was
approved by governmental expert’s examination and the project was
implemented accordingly. With respect to geological conditions, the
original idea of placing the powerhouse in an underground cavern was
abandoned and the powerhouse was built in the dam of the downstre-
am reservoir. Penstocks and a communications tunnel remained
underground. The Cierny Vah pumped storage scheme consists of the
following four main structures: a downstream reservoir, powerhouse
with pumps, penstocks and upstream reservoir. The downstream reser-
voir is in the Cierny Vah River valley, the upstream reservoir is near-
by, on the top of Nezndma Hill, at the altitude of 1150m a.s.l.

uvoD

PreCerpdvacia vodnd elektrareni (PVE) (Vlievrny Vih predstavuje uni-
kétnu stavbu, prvi svojho druhu v byvalom Ceskoslovensku. Zaciatok
tejto stavby sa datuje do roku 1974 s uvedenim do prevadzky v roku
situovand na severnom okraji Ndarodného parku Nizke Tatry, blizko
sitoku Cierneho a Bieleho Véhu, vo vzdialenosti priblizne 12 km na
vychod od Liptovského Hradku. Povodny zdmer vyuzitia hydroener-
getického potencidlu Cierneho Vahu z obdobia pétdesiatych rokov
predpokladal vybudovat'ddolnu nadrZ s objemom 150 mil. m3 a vodu

previest’ tunelom do tdolia Bieleho Vdhu. Tymto rieSenim pri vyuzZiti
vyskového rozdielu 100 m by sa ziskal vykon 50 MW. V Sestdesiatych
rokoch sa tento zdmer prehodnotil s takym vysledkom, Ze bude vyhod-
nejSie vybudovat’ preCerpdvaciu elektraren s moznostou ziskania 400
MW. Pri spracovani projektovej tlohy sa rieSenie posunulo k ndvrhu
zvy$enia vykonu azZ na 660 MW. Tito verziu §titna expertiza odsthla-
sila a podla nej sa aj stavba realizovala. So zretelom na geologické
pomery sa upustilo od pévodnej myslienky umiestnenia samotnej
elektrarne v podzemnej kaverne, a tak sa elektrdren umiestnila do
hrddze v dolnej nddrZi. V podzemi zostali umiestnené tunelové pri-
védzage vody a komunika¢ny tunel. Komplex stavby PVE Cierny Véh
tvoria Styri hlavné objekty: dolnd nddrz, elektrren s Cerpadlovou pre-
vadzkou, tlakové privddzace a hornd nddrz. Dolnd nddrZ je v ddoli
rieky Cierny Viah, hornd nddrz je na vrchole prilahlého kopca
Nezndma v nadmorskej vyske 1150 m.

GEOLOGICKE PODMIENKY

Dotknuté izemie stavbou tvori masiv Cho¢ského prikrovu, ktory je
jednou zo zdkladnych stavebnych jednotiek Centrdlnych Karpat.
V mieste stavby podzemnej Casti elektrarne prebiehaji dve vyrazné
tektonické linie, rozdelujice Chocsky prikrov na dve Casti s vyrazne
odlisnymi vlastnostami, a to na Ciernovazsky komplex, v ktorom st
situované vietky podzemné objekty, a Bielovdzsky komplex, ktory sa
stavby dotyka iba okrajovo. Cieirnovazsky komplex vo vertikdlnom
¢leneni tvori vo vrchnej Casti krinoidny vdpenec liasu, ktory leZ{ na
niekolko sto metrov v mohutnom masive dolomitu — v hornej Casti
vrchnotriasového, v spodnej Casti strednotriasového. Spodny trias je
stavbou nedotknuty, a nebol preto ani predmetom prieskumu.
Tektonické poruchy na zlomovych liniach s mocnostou niekolko desi-
atok metrov sd vyplnené flovitym a brekciovitym materidlom.
Geologické a hydrogeologické podmienky sa pred zacatim stavby zis-
tovali prieskumnymi $tdlnami, jadrovymi vrtmi a geofyzikdlnymi
metddami. Prieskumné geologické prace pre podzemné privddzace
zacali v roku 1971 razenim prieskumnej $tolne Eva v hornej Casti
kopca a razenim $t6lne Katarina na horizonte dolnych tsekov privad-
zagov. Celkovd dl7ka prieskumnych diel bola zhruba 1500 m. Cast
$tolne Katarina bola vyuZivand pocas stavby ako sklad trhavin.

Obr. 1 Pohlud na elektrdreri s dolnou nddriou
Fig. 1 A view of the power plant with the downstream reservoir

L LT 5

Obr. 2 Pohlud na stavebnii jamu hornej nddrze
Fig. 2 A view of the construction pit for the upstream reservoir
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Obr.3 0sadzame kotiev primdrneho ostenia v horizontdlnom iiseku privadzaca
Fig. 3 Installation of anchors providing the primary support within the hori-
zontal section of the penstock

ZAKLADNE UDAJE STAVBY

Hornd nadrz md uzitoény objem 3,85 miliona m3 vody, rozdiel pre-
vadzkovych hladin je 25 m. Vyskovy rozdiel medzi dolnou a hornou
nddrzou je 440 m. Pri plnom tlakovom spdde pretekd v kaZzdom
z privddzacov 60 m? vody/s. Ocelové potrubie v privddzacoch je prie-
meru DN 3800 mm, hriibka plechu je premenna podla zataZenia, zhora
nadol od 12 mm do 44 mm. Prepojenie hornej a dolnej nddrze potru-
bim vedenym na povrchu bolo vylicené z hladiska ochrany prirody.

Podzemnu Cast’stavby predstavuju tri paralelné tunelové privadzace
vody a komunikac¢ny tunel v celkovej dizke priblizne 5 km. Privadzace
od portdlov pri dolnej hradzi na vzdialenost’ 500 m mierne stdpajd,
potom sa prudko lomia do stipania 45° v osovej dizke 600 m a do vto-
kovej Casti hornej nddrze su vyvedené 131 m dlhymi dsekmi privad-
zacov so stipanim 10 %.

Stistavu podzemnych diel PreGerpdvacej vodnej elektrarne Cierny
Vih tvoria :

e tri tunelové tlakové privddzace vody

e dopravny tunel a Sikmy vytah

e revizna §tolna a injektdZna $télna

e tunelovy kryt civilnej ochrany

PODZEMNE TLAKOVE PRIVADZACE

Tunelové privddzace maju plochu vyrubu 22 m2 Tunely boli razené
na plny profil (predrdzky tvorili len zaciatky v dizke 85 m), na &elbe
sa vitalo 60 az 70 vrtov @ 38 mm dlzky 2,83 a7z 3 m vitacim vozom typu
Tamrock s tromi vrtnymi lafetami. Odtazba ribaniny sa vykondvala
kolesovymi naklada¢mi Schopf s obsahom lopaty 3 m3. Zabezpecenie
vyrubu primdrnym ostenim bolo v pevnych nezvetralych dolomitoch
vykondvané lepenymi svornikmi, ocelovou sietovinou a strieckanym
beténom v hribke 50-70 mm. Na osadzovanie lepenych svornikov
dlzky 2-2.5 m bola pouzitd vykonnd stiprava Secoma s poloauto-
matickym reZimom ovlddania. V nestabilnych tsekoch v miestach
geologickych portich bolo ostenie zabezpecené oblikovou vystuzZou
TH, pazenim Bernoldovymi plechmi so zaklddkou z beténu
a striekanym beténom v hribke 160 mm. Razi¢ské vykony, napriek
mnohym problémom a tazkostiam, sa pohybovali v priemere na trov-
ni 50 azZ 60 m, v pevnych hornindch Spickove az 150 m.

DOPRAVNY TUNEL

Rozsirenim prieskumnej $tdlne Katarina bol vybudovany dopravny
tunel aZ pod dolnu stanicu vytahu v dizke 515 m. Bol budovany rozsi-
rovanim prieskumnej $tolne do jednoplaStového definitivneho ostenia
z beténovych panelov a s beténovou vozovkou. V tuneli je vedeny aj
kolektor na uloZenie energetickych a signaliza¢nych kdbelovych vede-
ni k hornej nddrzi a k vtokovému objektu. Tunel odvadza aj zachytené
pramene podzemnych vdd.

RAZENY TUNEL — KRYT CIVILNEJ OCHRANY

Vzhladom na jeho tcel a prisne poziadavky orgdnov civilnej ochra-
ny bol tunel budovany v dvojplastovom osteni s medzilahlou izolaci-
ou a vetracimi objektami. Pocas vystavby privddzacov bol tunel

Obr. 4 Priprava rir na stavenisku pred montdZou v privdadzaci
Fig. 4 Preparation of tubes on site, before the installation in the penstock

vyuZivany ako podzemnd kompresoroviia. Na tomto objekte bola prvy
krit uplatnend medzilahld hydroizoldcia z f6lie PVC Ropoplast hr.
2 mm. Kryt je vybaveny $pecidlnym technologickym zariadenim.

RAZENIE SIKMYCH USEKOV PRIVADZACOV
A SIKMEHO VYTAHU

S razenim podzemnych diel so sklonom 45° v dizke 600 m neboli
nijaké skisenosti, a preto pri volbe technoldgie boli navrhované rdzne
metddy razenia, vratane nasadenia plnoprofilového raziaceho stroja
a velkopriemerovej vitacej sdpravy (systémom Raise drilling).
V pripade privadzacov boli ur€ité obavy vzhladom na nepriaznivé geo-
logické pomery, a preto bolo rozhodnuté razit' Sikmé privadzace
s predrdzkou, razenou zdola nahor (dovrchne) pomocou raziacej plosi-
ny Alimak STH-5 zavesenou na ozubnicovej kolajnici v strope.
Vyhodou tohto spdsobu razenia bola gravitaénd samospddova doprava
ribaniny. Vyhoda predrazky bola aj v tom, Ze umoznovala prirodzené
vetranie pri roz§irovani Sikminy zhora nadol do plného profilu.

Technické udaje pre razenie predrazky:

¢ Profil vylomu predrdzky 2,1 x 2,1 m 4.4 m?
e Dlzka zaberu 14m
* Pocet vrtov na jeden zaber 18 az 20

* Priemerny mesacny postup 70 m

* Maximdlny mesacny postup 168 m

e Vystuzovanie — kotvy a ocelova siet, v nestabilnych usekoch aj
ocelové ramy

Obr. 5 Primdrne ostenie Sikmého privddzaca, 1 — lepeny svornik, 2 — strieka-
ny beton, 3 - zvdrand siet’

Fig. 5 Primary lining of the inclined penstock, 1 — resin bonded rockbolt,
2 — shotcrete, 3 — welded mesh
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Obr. 6 Pozdfiny profil podzemného privdadzaca, 1 — vtokovy objekt hornej nddrZe, 2 — hrddza dolnej nddrze, 3 — poruchovd zona (ilovce, slieriovce)
Fig. 6. Longitudinal profile of the penstock, 1 — intake structure in the upstream reservoir, 2 — downstream reservoir dam, 3 — weakness zone (claystone, marlstone)

Pocas dovrchného razenia sa stala iba jedna havdria, ked sa z celby
uvolnili balvany, ktoré zranili ¢lenov posadky, zdeformovali ploSinu,
ktord sa zasekla v profile a stala sa nepojazdnou. Na vyslobodenie
posadky vo vyske 230 m sa pouZila servisna kabina Alimak.

Do plného profilu privddzaca bola predrdzka rozSirovand zhora
nadol s nasadenou raziacou plosinou RP-1. Raziacia ploSina bola
navrhnutd a vyrobend strojarskym zdvodom Banské stavby Prievidza
za Ucelom rozsirenia Sikmych predrazok. Celd konStrukcia na kolajo-
vom podvozku bola zavesend na lanich, pohybovala sa po kolajnici-
ach rozchodu 2600 mm, bola vybavena vrtnymi lafetami, sipravou na
osadenie kotiev, zariadenim na striekany betén a drapakovym nakla-
dacom. Ribanina padala samospddom do dolného dseku k naklddke
a odtazbe. Obavy z nedostatocného sklonu pre samospad ribaniny sa
Ciastocne potvrdili, predrdzka sa pri rozsirovani niekolkokrat upchala
ribaninou. V jednom pripade sa na uvolhenie upchdvky pokusne pou-
zila aj vojenskd technika na jej prerazenie raketami typu zem-zem,
avSak netdspesne. Upchdvku sa nakoniec podarilo odstranit'za pomoci
gravitatného zatazenia vodou zatopenim privadzaca.

Technické tidaje pre razenie privadzaca:

* Profil privddzaca (podkovovity tvar ) 22 m?
e Dlzka Sikmého privadzaca (sklon 45°) 598 m
* Pocet vrtov 50 az 60
e Dlzka zaberu 2,6m
* Priemerny mesacny postup 95az 105 m
* Maximdlny mesacny postup 123 m

e Vystuzovanie plného profilu — kotvy, ocelova siet’a strieckany beton
Vystavba podzemnych privadzacov predstavovala nasledovné
objemy préc:

* Vylomy v hornine 110 000 m?3
* Betony 90 000 m?3
* Pancierovnie privddzac¢ov 11000 t
* Kontaktnd injektaZ (Zivica Epoxy ) 400001
Celkova dlzka hlavnych podzemnych diel:

e Privddzace 3 x 1224 m 3672m
o Sikmy vytah 595 m
* Dopravny tunel 515m

* Horné horizontdlne dseky 3x131m=393m

Sikmy vytah bol instalovany v §ikmom tuneli, ktory sliZi na dopra-
vu 0s0b na hornd nddrz.

Definitivne ostenie tunela je z beténu v hribke 250 mm, betondz
postupovala zdola nahor s pouzitim posuvného ocelového debnenia
zaveseného na landch. Vytah zacina dolnou stanicou v dopravnom
tuneli, konéi hornou stanicou na hornej nadrzi. Dlzka vytahu je
595 m, vyskovy rozdiel je 445 m. Tunel §ikmého vytahu je vybaveny
ozubnicovou kolajou, dopravnou s kabinou pre 10 0s6b, nidzovym
schodiskom a kdbelovym vedenim.

REVIZNA STOLNA

SliZi na dcely kontroly potrubia v horizontdlnych dolnych pri-
vadzacov v dilatanych tsekoch s volne uloZenym potrubim (bez

obet6énovania). Revizna $tolfia je pristupnd z dopravného tunela a jej
dlZka je 95 m. Sekunddrne ostenie Stdlne je z monolitického beténu
hribky 220 mm. Vstup do potrubia je umozneny cez Specidlne otvo-
ry na kontrolu vnitorného stavu ndterov potrubia.

Revizia potrubia v Sikmych usekov sa vykondva Specidlnym kole-
sovym vozikom zavesenym na landch z hornej nadrze.

DOPRAVA A MONTAZ OCELOVEHO POTRUBIA

Dodavka potrubia do privadzacov bola komplikovana tym, Ze vyro-
bené plechy vo Vitkoviciach sa vozili do NDR na ohybanie
a skruzovanie. Odtial sa riry vozili ako nadrozmerny naklad ndklad-
nymi trailermi na sklddku na stavenisko. Tu sa rdry metalizovali
a nasledne sa dopravovali na kolajovych vozikoch do horizontdlnych
privadzacov, kde sa zvdrali do celku.

Podstatne naro¢nejsia bola doprava rir do Sikmych privadzacov, kde
boli riry spustané na vozikoch s hmotnostou do 50 t zavesenych na
lane po Stvorkolajnicovej kolaji. V priebehu stavby doslo aj k jedne;j
havdrii so smrtelnym trazom a zraneniam osadky. Pri¢inou bol nedo-
stato¢ny uvédzok nosného lana, v dosledku ¢oho sa lano vySmyklo
a dopravny vozik s rirami sa zritil do privddzaca.

BETONAZ POTRUBIA V PRIVADZACOCH
A VYPLNOVA INJEKTAZ

Na dopravu beténu do horizontdlnych dsekov sa pouzivali autodo-
mieSavace a piestové Cerpadlo, ktorym sa betén zacerpdval za potru-
bie. Volné priestory medzi horninou a beténom sa rie§ili vypliovou
injektaZou. Potrubie pocas betondze bolo vystuzené kvoli deformécii
posuvnou vystuznou konstrukciou. V Sikmych privddzacoch sa Cerstva
beténova zmes dopravovala gravitacne v otvorenom zlabe. Po pocia-
to¢nych tazkostiach s velkou rychlostou dopravovaného beténu sa
podarilo problém vyriesit vlozenim hrubej ocelovej retaze ako brzdia-
ceho elementu. Tym sa dosiahol pokojny a kontrolovany tok beténu.
Dutiny za potrubim po betonazi boli zistované Specidlnou metédou
a boli zaplnené cez vyvitané otvory v pancieri injektdZou epoxydom.

ZAVER

Vystavba Preerpdvacej elektrarne Cierny Véh prebiehala ako expe-
rimentdlna stavba s vysokymi ndrokmi na kvalitu zabezpecujuicej
pozadovany vykon a spolahlivost. Samotna vystavba podzemnych diel
bola technicky a technologicky velmi ndro¢nd na technickd zdatnost’
a pracovnu zrucnost’ vSetkych pracovnikov, ktori sa na jej priprave
a realizécii podielali. Kvalitu stavby dokazuje stic¢asna, takmer tridsat-
ro¢nd prevddzka preCerpdvacej elektrdrne bez akychkolvek zdvad
alebo portich na podzemnych privddzacoch, pri ro¢nej priemernej
vyrobe elektrickej energie 370,8 GWh.

ING.ALOJZ VODANSKY, b’p.cestari@zutom.sk,
BANSKE PROJEKTY,s.r. o
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TRENING SLOVENSKYCH HASICOV VO VSH HAGERBACH
TRAINING OF SLOVAK FIRE FIGHTERS AT VSH HAGERBACH

On 15th May 2007, selected Slovak fire fighters from the Fire
Rescue Stations which could be potentially used for an intervention in
a tunnel took part in an integrated training session in research galleri-
es Hagerbach, Switzerland. The training was the first of its kind for
Slovak fire fighters; it became necessary owing to the growing num-
ber of newly opened and planned road tunnels in Slovakia.

The participants in the training acquainted themselves with extraor-
dinary events, hazards and risks encountered during a fire intervention
in a tunnel by means of individual training scenarios. Realistic situati-
ons were simulated in a 200m long, purpose-equipped and purpose-
built tunnel, which is part of the system of VSH Hagerbach research
galleries.

uvoD

Dna 15. méja 2007 sa vybrani slovensky hasi¢i zo stanic HaZZ,
ktoré by mohli byt potencidlne nasadené na zdsah v tuneli, zicastnili
vo vyskumnych §téliach Hagerbach vo Svajgiarsku na integrovanom
tréningovom cviceni. Tréning bol pre slovenskych tcastnikov prvym
svojho druhu a jeho potreba bola vyvolana narastajicim po¢tom novo-
otvorenych a planovanych cestnych tunelov na Slovensku.

Prakticky vycvik hasi¢ov nasadzovanych v podzemi si na uritom
stupni uz vyzaduje skisenosti so skuto¢nym poZziarom, lebo jedine tak
je mozné, aby zasahujice jednotky boli bezpecne vystavené Specidl-
nym podmienkam vyplyvajicim z podzemného prostredia a vlast-

.....

mimoriadnych udalosti, ktoré si vyZaduji nasadenie zdchrandrskych
zloziek, sa v tuneli naStastie nespdja s poZiarom, je vycvik zahfnajici
takuto alternativu bezpochyby potrebny, a to minimdlne v takej miere
ako zédkladny hasi¢sky vycvik.

Hagaibech

Utastnici cvienia sa oboznamili s mimoriadnymi udalostami,
nebezpecenstvami a rizikami zdsahu v tuneli pomocou jednotlivych
vycvikovych scendrov. Realistické situdcie boli simulované v 200 m
dlhom, $pecidlne vybavenom a vybudovanom tuneli, ktory je sticastou
vyskumnych $t6lni — VSH Hagerbach.

ICST — MEDZINARODNE CENTRUM PRE BEZPECNOST
V TUNELOCH

Vsetky aktivity vo vyskumnych $toliiach — SH Hagerbach, ktoré
prispievaju k rozvoju bezpecnosti v tuneloch, st prezentované pod hla-
vickou s nazvom ICST (obr. 1). Toto zariadenie, v ktorom si nasi hasici
mali moZnost'precvicit'svoje schopnosti, je vybudované vylu¢ne na tieto
tcely a ku dne$nému dnu predstavuje priestory s dlzkou okolo 400 m.
Priestory vyrazené do skalnej horniny, ktoré takto vznikli, umoznuju
cviCenia a experimenty s pouZitim ohna bez narusenia ich stability.

Cvicenie prebiehalo najmé v centre tohto zariadenia, kde sa nachad-
za 200 m dlhy poZiarny tunel s rozmermi kopirujicimi dvojpruhovy
cestny tunel a k nemu paralelnom tuneli. Tieto dva tunely sd spojené
prieCnymi prepojeniami. Dal3ie priestory tohto centra st vybudované
tak, aby sa umoznil vycvik zdsahu aj v naro¢nejsich stiesnenych pries-
toroch, akymi sd napr. tazko pristupné zasahové cesty do stanic metra
a vertikdlne dnikové Sachty.

TRENINGOVY PROGRAM SLOVENSKYCH HASICOV

Samotny tréningovy program sa skladal zo Styroch vycvikovych
modulov, pricom hasi¢i boli rozdeleni do dvoch skupin po 12 0s6b
a jednotlivych modulov sa zi¢astiovali bud jednotlivo, alebo spolo¢ne
(obr. 2 a 3).

Obr. 2 Slovenski hasi¢i (Amberg Engineering Slovakia, s. r. 0.)

Obr. 3 Svajciarski inStruktori (Amberg Engineering Slovakia, s. 1. 0.)




Obr. 4 BIG FIRE (Amberg Engineering Slovakia, s. r. 0.)

Prvy modul sa prioritne zameral na vyhladdvanie a zdchranu osob
pri dlhej zdsahovej ceste v zadymenom a nezndmom prostredi.
Najviacsie prekdzky v tomto pripade predstavovali problémy
s orientdciou a komunikdciou. V takomto pripade sa osved¢ilo vyuZi-
tie termokamery, ktord vyznamne ulahCuje videnie v zadymenom
prostredi a prendSanim signdlu napomdha velitelovi rychlejSie odpo-
vedat’'na vyvijajicu sa situdciu. Pri termokamerach vSak treba pozna-
menat, Ze existuji ur€ité obmedzenia pri ich vyuziti v podzemni, kde
v dosledku Specifického charakteru podzemnych priestorov alebo
z ddvodu rovnakych teplot prostredia a objektov nie st schopné vidiet’
alebo spravne rozoznavat hladané objekty. Vyhladdvanie osob
a prieskum miesta nehody pocas tohto cvicenia prebiehalo stibezne.
Jednou z dolezitych udloh pri tom bolo udrziavanie rddiového spojenia
s velitelom zdsahu, ¢o vSak pri skuto¢nom poziari moze byt'velky pro-
blém — v pripade poSkodenia komunikacnych systémov v dosledku
poZiaru.

Druhy modul predstavoval dvod do problematiky zdsahu pri poZia-
ri osobného vozidla v tuneli. Hasici si nacvicili hlavne taktiku vedenia
zdsahu, ako aj sposob hasenia v tunelovom prostredi. Ulohou skupiny
bolo zistenie rozsahu miesta nehody spolu s identifikdciou nebezpec-
nych l4dtok nachddzajicich sa na mieste nehody a ndsledné uhasenie
mensieho poZiaru (jedno osobné vozidlo).

Néplriou tretiecho vycvikového modulu bol zédsah pri poZiari viace-
rych osobnych vozidiel, pricom podmienky na zdsah boli skompliko-
vané dlhou zdsahovou cestou, intenzivnym zadymenim priestoru
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a Specifickym charakterom miesta poziaru, ¢o malo za ndsledok sta-
Zend radiovd komunikdciu. Tito Cast’ vycviku absolvovali obe skupi-
ny naraz a predstavovala pripravu na findlny zdsah pod krycim
ndzvom BIG FIRE. Takéto cvicenie v zadymenom podzemnom pries-
tore vydatne napomdha obozndmit sa s tazkostami, ktoré Cakaji na
hasicov pri zdsahu v tuneli, a u¢f ich spravnym reakcidm na dand situ-
aciu. Zlozité a pddorysne komplikované podzemné priestory, ako
napr. vetracie Sachty a tinikové §tdlne, prie¢ne prepojenia a rozne zali-
vy predstavuji velké problémy pri rddiovom spojeni. To je mozné
v tuneli udrzat' najviac pri dvoch odbockach, a preto musi byt udrzia-
vané dodato¢nymi prostriedkami, ako napr. zosilfiovacimi podstanica-
mi. Dal§im faktorom vplyvajicim na podmienky zdsahu je dlzka zdsa-
hovej cesty, ktord sa pri rozmiestneni nidzovych vychodov podla
sicasnych noriem pohybuje od 300 do 500 m. Tento faktor ma vplyv
najmé na Cas, ktory modzu hasici zasahovat’ — ak berieme do tvahy
kapacitu kyslikovych flias. Zicastneni hasici si boli po ukoncéeni cvi-
Cenia dobre vedomi tohto problému, ¢o bolo aj jednym z cielov cvi-
cenia.

Findle vycviku pod ndzvom BIG FIRE v sebe kombinovalo prvky
predoslych modulov a predstavovalo vyzvu pre hasicov po fyzickej,
ako aj psychickej stranke. Nasimulovana mimoriadna udalost’ v sebe
zahtnala vSetky prvky, ktoré k poZiaru v tuneli patria, a overila schop-
nosti hasicov. Findlne cvi¢enie moZeme charakterizovat nasledovnymi
parametrami:

e dlhd a komplikovana zdsahova cesta (cez 250 m),

e poZiar a havdria viacerych osobnych (8 ks) a ndkladnych vozidiel

(2 ks),

e z4chrana viacerych uviaznutych os6b v motorovych vozidlach,

* komplikovand komunikdcia v dosledku podzemnych priestorov,

e intenzivne zadymenie a vysoké teploty.

Priebeh zdsahu bol celkom prenechany velitelovi a mal za dlohu
preverit’ nadobudnuté vedomosti z predoslych cviceni. Cely zdsah
trval priblizne 45 mintt a pocas tohto Casu museli hasi¢i simultdnne
zachranovat’ osoby uviaznuté vo vozidlach, hasit, ochladzovat  konst-
rukciu tunela a v pripade potreby zabrarovat’ dniku nebezpe&nych
latok (obr. 4).

ZAVER

Aj napriek tomu, Ze to bolo iba cvicenie, mali slovenski hasi¢i moz-
nost’ dostat’sa na hranicu svojich fyzickych a psychickych schopnosti
a do hlbky si overit'svoje kvality. Moznost'takto si overit’'svoje schop-
nosti v ramci redlneho cvicenia je zarukou, Ze sa v budicnosti nepre-
cenia pri skuto¢nom zdsahu a nevystavia tak nebezpeCenstvu seba,
svojich kolegov, resp. zachraniované osoby.

ING. MARTIN BAKOS, Ph.D., mbakos@amberg.sk,
AMBERG ENGINEERING SLOVAKIA, s. r. o.

EXKURZE CESKE BETONARSKE SPOLECNOSTI DO DUBAJE A ABU DHABI
CZECH CONCRETE SOCIETY'S TECHNICAL TOUR OF DUBAI AND ABU DHABI

The Czech Concrete Society arranged a tour around significant
construction projects in Dubai and Abu Dhabi, the United Arab
Emirates. One of the visited projects was the construction site of the
Dubai metro, which will be the longest, fully automatically controlled
means of mass railway transit in the world. The metro carriages will
have 1st class and 2nd class compartments and separate parts for
women with children; of course, the trains as well as all stations will
be air-conditioned.

The metro construction commenced in 2005 and the commissio-
ning is scheduled to begin in September 2009 (the Red Line), while
the Green Line should be brought into service in 2010. In the long
range, the Dubai metro is planned to have 5 lines, with the total length
of 160km.

The current project consists of two lines: the Red Line and Green
Line, which will be 52km and 18km long, respectively. Both lines
will be elevated, running on viaducts, but they will also contain
underground sections. The 52km length of the Red Line comprises
44km of viaducts, 3km of cut and cover tunnels and 5km of mined
tunnels. There will be 4 subsurface stations, 24 at grade stations and
two depots on this line. The Green Line consists of 8km of tunnels,

10km of viaducts, 6 subsurface stations, 10 at grade stations and also
two depots.

The Green Line will, above all, service the centre of Dubai and will
connect the centre with the new airport. The Red Line runs from the
existing airport to the centre of Dubai and continues further along the
coast, toward Abu Dhabi.

The participants in the tour acquainted themselves with a number
of other significant construction projects, including the currently
world’s highest building, Burj Dubai, the height of which will exceed
800m, and a new road bridge, the Sheikh Zayed Bridge in Abu Dhabi.

Spojené arabské emiraty (SAE) jsou bezesporu jednou
z nejbohatSich a nejrychleji se rozvijejicich zemi svéta. Béhem
poslednich tfi generaci predevsim emirdty Dubaj a Abd Dhabi (Abd
Zab{) prozily sociologicky i ekonomicky Sok. Jejich stejnojmennd
hlavni mésta jsou dnes supermoderni metropole vybavené vsemi
prvky, které jsou typické pro velkomésta v nejrozvinutéjsich zemich
svéta. Jesté v polovine minulého stoleti to vSak byly vesnice s domy
z hliny a z palmovych listd na pobteZi Perského zélivu. Vyjimku tvo-
fily kamenné pevnosti a paldce Sejku a jejich rodin.
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Spojené arabské emirdty jsou federaci sedmi emirdtd, z nichz
kazdy je absolutistickou dédi¢nou monarchii. Vladafem emirdtu je
Sejk, coZ preloZeno znamend vudce, ktery soucasné stoji v Cele
nejmocnéj$iho rodu — v Abd Dhabi jsou to Nahyanové a v Dubaji
Maktumové. Slovo ,,dédi¢nd“ monarchie neznamend, Ze korunnim
princem je automaticky nejstar$i syn. Vlddnouci rodina na tuto pozi-
ci vybird nikoli podle data narozeni, ale podle schopnosti.

SAE jsou plochou o néco vétsi nez Ceska republika a poust'v nich
zabird 4/5 tizemi. Na 600 km dlouhém pobreZi Perského zdlivu jsou
pisecné plaze, solné planiny a mangrovové porosty. Pise¢né more
vnitrozemi, kde se vyskytuji duny az 100 m vysoké, prechdzi smeérem
k Satidské Ardbii v jedno z nejnehostinnéjSich mist svéta, o emZ
sved¢i i nazev, ktery mu dali Britové — Empty Quarter. Emirat
Fujairah (FudZajra) je jediny, ktery leZi pouze u pobrezi Omanského
zalivu, ktery je soucdsti Indického ocednu.

Nejvetsi a také nejbohatsi emirat je Abd Dhabi, ktery zabird 87 %
plochy SAE. Druhym nejvyznamnéj$im a nejrychleji ekonomicky se
rozvijejicim emirdtem je Dubaj. Tyto dva emirdty jsou tahouny vSe-
stranného rozvoje SAE, ktery znamend, Ze dnes jen 10 % ndrodniho
duchodu pochdzi z ropy, zbytek plyne z obchodu, turistiky
a prumyslu, ktery zde vyuziva levnou energii a velmi pfiznivé dano-
vé prostiedi.

V SAE se spojil tradi¢ni rodovy systém a isldmské ndboZenstvi,
které zde neni fundamentalistické, s modernim trZznim hospodérstvim.
Ukazatelem rozvoje je také ndrust obyvatelstva. Kolem roku 1960 Zilo
v SAE nekolik desitek tisic obyvatel, do roku 1997 vzrostl pocet oby-
vatel na 2,7 mil. a dnes ma SAE 4 mil. obyvatel. Tento vysledek neni
oviem zpusoben mimorddnymi rozmnoZovacimi schopnostmi mist-
nich arabskych obyvatel. Do poctu obyvatel se totiz pocitaji také
cizinci, ktefi maji povolen dlouhodoby pobyt, vétSinou pracovni.
Arabského obyvatelstva (tzv. nationals) je pouze 20 %, tj. 800 tisic,
zbyvajicich 3,2 milionu ,,non-nationals* jsou zahrani¢ni experti
a délnici. Ti dostdvaji pracovni povoleni na tfi roky, roéné maji narok
na jednu cestu domu v délce 14 dnt, nebo mohou jet domu na mésic
1x za dva roky. Tito novodobi ,,otroci, kteff jsou ovSem Stastni, Ze se
do zaslibené zemé dostali, pochdzeji vétSinou z Pdkistinu, Indie,
Bangladése, Filipin, Indonésie a také z Ciny &i Afriky.

Mimoradny rozvoj SAE, predev§im ovSem Dubaje a Abd Dhabi, se
samoziejmé odrazi v obrovském stavebnim boomu, ktery je patrny na
prvni pohled. Dubaj je dnes nejveétsi staveniste svéta a jak ve své sta-
tistice uvadéji vyrobei vézovych jefabu, je zde jejich nejvétsi kon-
centrace na svété. Navic se zde stavéji naprosto vyjimecné stavby,
které navrhuji predni svétovi architekti, a pouzivaji se nejmodernéjsi
stavebn{ postupy a mimorddné technologie.

Vyjime¢né stavby, ze kterych lze asi na prvnim misté jmenovat
Burj Dubai (BurdZ Dubaj — Dubajska véZ — bude mit po dokonéenf{
vysku pres 800 m), se stavéji nejen proto, aby poskytly nové ubyto-
vaci a hotelové kapacity, nové obchodni plochy, nejen proto, aby
prildkaly dal$i investory, kupce i turisty, ale stavéji se, aby ukdzaly
ekonomickou silu SAE a zvysily jejich svétovou prestiz (obr. 1).

Pro rozvoj turistiky se buduji umélé ostrovy v mori, které maji

Y v

prodlouzit pobrezi vhodné pro koupdni a umoznit, aby si i cizinci

Obr. 2 Vizualizace v soucasné dobé dokoncéovaného umélého ostrova
u pobrezi u mesta Dubaje

Fig. 2 Visualisation of an artificial island which is currently being comple-
ted at the coast near the city of Dubai

Obr. 1 Pohled na Dubajskou vezZ (Burj Dubai) v soucasné dobé nejvyssi stay-
bu svéta
Fig. 1 A view of the Burj Dubai tower, currently the world’s highest building

mohli koupit zde postavenou nemovitost i s pozemkem (obr. 2). Jinde
neZ na umelych ostrovech patfi totiz v§echny pozemky Sejkovi a nelze
si je koupit.

V Dubaji, ale také v Abd Dhabi, se stavi nebo pripravuje vystavba
fady novych méstskych &tvrti, coZ jsou vlastné nova mésta pro 80 az
100 tis. obyvatel. Jejich centra tvofi architektonicky mimoradné
ztvarnéné skupiny mrakodrapu, ale i na zbytku plochy pievazuje vys-
kova zdstavba. V kazdém z novych mést se vytvareji rozsdhlé vodni
plochy, do kterych se vétSinou bude Cerpat morskd voda. Ve se stavi

Obr. 3 Model jedné z novych méstskych étvrti Dubaje, jehoz vystavba se brzy

zahdji (v popredi budouci dubajskd opera od architekty Zaha Hadid)
Fig. 3 A model of one of future districts of the city of Dubai, where the con-
struction work will start soon (the future Dubai Opera House, desig-
ned by Zaha Hadid, a female architect, is in the foreground)
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Obr. 4 Vizualizace viaduktu a vagonu dubajského metra
Fig. 4 Visualisation of a viaduct and a Dubai metro carriage

nikoli na zelené louce, jak fikdme u nds, ale na Zluté pousti. To také zna-
mend, Ze¢ vSechny trdvniky, kvétiny, okrasné kefe i stromy se musi
uméle zavlaZovat vodou ziskanou z morské vody odsolovanim (obr. 3).

Rozsah i specifika stavebnich investic v SAE byly duvodem, pro¢
Ceskd betonaiska spole¢nost uspofddala v letoinim roce pro velky
zdjem Ceskych odbornikt dokonce dva odborné zdjezdy na vyznam-
né stavby v Abu Dhabi a v Dubaji.

Druhy z nich probéhl od 29. 2. do 7. 3. 2008 a je trochu problém,
co z jeho nabitého odborného programu zde zminit.

ProtoZe tento prispévek je psdn pro Casopis Tunel, ktery se zabyva
podzemnimi stavbami, zacneme stavbou dubajského metra.

Obr. 6 Spickovd architektura Emirates Towers
Fig. 6 The top ranking architecture of the Emirates Towers

Obr. 5 Situace cervené a zelené trasy dubajského metra
Fig. 5 Layout plan of the Red Line and Green Line of the Dubai metro

Dubajské metro bude nejdelsim plné automaticky provozovanym
kolejovym prostiedkem hromadné méstské dopravy na svété. Cely
dopravni systém doddvaji Japonci. Vozy metra budou mit oddélen{
1. a 2. tfidy, samostatnou ¢dst pro Zeny s détmi a budou samoziejmé
klimatizované, stejn¢ jako vSechny jeho stanice (obr. 4).

Stavba metra byla zahdjena v roce 2005 a do provozu se md uvé-
dét od zarfi 2009 (Cervend trasa), na zelené trase ma byt provoz zaha-
jen v roce 2010. Vyhledové méd mit dubajské metro 5 tras a celkovou
délku 160 km.

Dnesni projekt sestdvd ze dvou tras — ¢ervend bude dlouhd 52 km
a zelend 18 km. Ob¢ trasy jsou vedeny po nadzemnich viaduktech,
ale obsahuji i podzemni dseky. Z 52 km &ervené trasy tvoif 44 km
viadukty, 3 km hloubené tunely a 5 km tuneli je raZenych. Trasa
obsahuje 4 podzemni a 24 nadzemnich stanic a dveé depa. Na zelené
trase je 8 km tuneld, 10 km viaduktd, 6 podzemnich a 10 nadzemnich
stanic a opét dvé depa (obr. 5).

Zelend trasa obsluhuje predevsim vlastni centrum Dubaje a spoji
ho s novym leti§tém. Cervend trasa vede od stdvajictho letisté do
centra Dubaje a pak pokraduje podél pobrezi smérem na Abd Dhabi.
Timto smérem ma byt v budoucnosti trasa prodluZzovana. Vede podél
nejvyznamnéjsi méstské komunikace Shaikh Zayed Road, kterd je
pojmenovana po ,,otci zakladateli“ SAE Sejkovi Zayed bin Sultan Al
Nahyanovi. Sejk Zayed byl muZ s vizi, vlidce Abi Dhabi
a dlouholety prezident SAE (celkem 33 let), o jejichZ vznik se zdsad-
nim zpusobem zaslouZil.

Mimochodem, tato paterni komunikace ,,nového“ Dubaje se Sesti
pruhy v kazdém sméru dnes jiZ naprosto nesta¢i intenzité automobi-
lové dopravy. V jeji blizkosti stoji mrakodrapy navrZené svétovymi
architekty a mezi nimi vynikd dvojée Emirates Towers (obr. 6).
Nedaleko se také stavi jiz zminénd Dubajskd véz.

Trasy metra se kfizuji v centru ve Ctvrti a stejnojmenné stanici
Burjuman (BurdZuman) a ve stanici Union Square. Useky obou tras raze-
né Stity musi v centru podejit podivuhodny mofsky zdliv nazyvany Creek.

Obr. 7 Montdz viaduktu dubajského metra pomoci zavdZeciho mostu
Fig. 7 Erection of a viaduct for the Dubai metro using an assembly bridge
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Obr. 8 Sklddka Zelezobetonovych dilcui ve vyrobné prefabrikdti
Fig. 8 Reinforced concrete segment stocking facility at the casting yard

Je to uzky zaliv $itky 300 az 500 m, ktery se do vnitrozem{ éervovité zavr-
tavd a postupné se rozsifuje az kon¢f mélkou vodni lagunou, kterd je rezer-
vaci vodniho ptactva a jinych pfirodnich druht. Geologii razenych tseka
tvori zvodnélé morské jemné pisky s Cokami hrubsich poloh.

Stit pro razbu na zelené trase byl z Japonska dodan v zafi 2007
a jeho montdz byla dokoncena zacatkem letosniho roku. Na cervené
trase byly nasazeny dva §tity, které v dobé ndvstévy Dubaje mély své
razby jiz dokon&it. Bliz§i podrobnosti se nepodafrilo zjistit.

Hloubené tseky jsou provddény béZnym zpusobem — paZeni obsta-
rdvaji zdporové nebo podzemni stény ruzné rozpirané. PouZila se
i metoda razby pod zasypanym stropem (tzv. metoda ,,zelva®).

Vsechny nadzemni viadukty jsou z prefabrikovanych Zelezobeto-
novych dilct, prefabrikované jsou i hlavice nosnych sloupt. V béZné
trase je z dilcu sestavovano a predpindno od sloupu ke sloupu pole
charakteru prostého nosniku. Pro montdZ se pouZzivd specidlni mon-
tazni zarizeni, zavdZzeci most, posouvajici se ve sméru montaze. Je
postavené a ukotvené na hotovém poli, jeho krakorec se vysune nad
dalsi pole, opfe se o hlavici sloupu a postupné zvedd, urovnava
a spind segmenty montovaného pole (obr. 7).

Kde to mistni podminky vyZzaduji (napf. pri kfiZzeni s ko-
munikacemi) vytvaii se z prefabrikdtu spojity nosnik o tfech polich.
Prefabrikdty maji samozfejmé jiny tvar neZ v béZné trase
a proménnou vysku. U téchto poli se pouzivd letmd montdZ. Na zalét-
ku nad vnitinimi sloupy a v zdvéru u krajnich sloupu osazuje dilce
mobiln{ jerdb.

Tempo vystavby si vyzadalo vybudovani impozantni vyrobny pre-
fabrikétu, kterd zabird plochu 53,9 ha (obr. 8).

Vyrobu a montdz prefabrikati zajiStuje sdruzeni firem VSL,
Freyssinet a Rizzani de Eccher. Exkurzi na stavbu a do vyrobny pre-
fabrikdt dcastnikim zdjezdu umoznila firma VSL.

Dodavatelem celé stavby je konsorcium Dubai Rapid Link
(DURL). Sestdva z Mitsubishi Heavy Industries, tato firma zodpovi-
dd za dodavku Zelezni¢niho vybaveni, a z firem Obayashi, Kajima
Corporation and Yapi Merkezi, které zajistuji stavebni prace.

Pred obhlidkou staveni$té Burj Dubai, v sou¢asnosti nejvyssi stav-
by svéta, probéhla prezentace firem Doka a VSL. O betonové ¢asti
budovy hovorili pracovnici firmy Doka, ocelovou ¢dst prezentovala
firma VSL.

Celéd véz md byt 818 m vysokd a pokud by se v dobé dokonCovéni
stavéla nékde ve sveté vysSsi veéz, je stavebnik ddajné pripraven vez
zvySsit az k 900 m. Toto zfejmé ale neplati pro jiny dubajsky mrakodrap
Al Burj (Vé7), jehoZ projekt i vystavba byly jiz schvéleny. Zahdjeni
jeho vystavby je na spadnuti, vyska této budovy méd byt pres 1 km!!!

Betonova konstrukce dubajské véZe konéi ve vySce 604 m nad
zemi. Jadro jeji nosné konstrukce ma trojihelnikovity tvar. Pro svislé
konstrukce se pouZivd samosplhaci bednéni a jejich betondz predsti-
huje vodorovné konstrukce o tfi patra. Ty se ndsledné bedni
a betonuji. Beton na misto ukldddni ze zemé Cerpaji Cerpadla
Putzmeistr s celkovou kapacitou 36 m*/hod. Ve spodni asti stavby je
pouzit beton B 80, vySe beton B 60. Stavbu obsluhuji tfi samo§plhaci
jetdby s rychlosti zdvihu 220 m/min.

Nad betonovou konstrukei pokracuje konstrukce ocelovd, ze které
se vysune jeSté ocelovy ndstavec vcetné anténniho stozdru. Montuje

i v

Obr. 9 Hlavni sdl (muzskd modlitebna) ve velké mesité v Abu Dhabi
Fig. 9 The main hall (men’s oratory) in the Great Mosque in Abu Dhabi

se uvnitr ocelové konstrukce a jeho hmotnost bude cca 500 tun. Jeho
vysunuti i celou ocelovou konstrukci zajistuje firma VSL. Ta ve své
prezentaci v rdmci svych sveétovych aktivit zminila i vysouvani mostu
pres Rybny potok na dalnici D8 v Ceské republice, jehoZ dodavate-
lem byl Metrostav a. s., a zveddni ocelové konstrukce hangdru na
mosnovském letiSti u Ostravy.

Podle informace pracovnikl Doky i VSL se méfi¢ské prace na stav-
bé provadéji pomoci druzicového navigaéniho systému.

Soucasny pohled na stavbu Burj Dubai, kterd byla zahdjena 1. 2.
2005 a md byt dokonéena 30. 11. 2009, je vskutku mimorddny.

Za dal§imi tfemi vyznamnymi stavbami se Gcastnici vypravili do
Abt Dhabi. Nejprve si prohlédli dokoncovanou Velkou meSitu
(Grand Mosque), kterd s kapacitou 20 000 osob bude tfeti nejvetsi
na svéte (obr. 9).Jiz z délky ve slunci zdfi, protoZe jeji betonova kon-
strukce je obloZena bilym mramorem v¢etné 85 m vysokych minare-
ti. Kvalita provedenych praci je mimofddnd.

Druhou navstivenou stavbou byl Shaikh Zayed Bridge, ktery po
dokonceni bude tretim silniénim mostem vedoucim do mésta Abu
Dhabi, které se rozprostird na ostrové oddéleném od pevniny tzkym
prulivem (obr. 10). Most zlepsi dopravni dostupnost, ale hlavné podle
prani Sejka vytvofi novou impozantni a unikdtni vstupni branu do
mésta. ProtoZe z hlediska velkoleposti navrhy zaslané do prvniho kola
souteze Sejka neuspokojily, byla k poddni ndvrhu vyzvéna svétoznamd
architekta franského puvodu Zijici v Londyné Zaha Hadid, resp. jeji
spole¢nost Zaha Hadid Limited. Ta predlozila dva ndvrhy, jejichZ
nosné prvky (oblouky) neleZi ve svislé roviné. Prvni ndvrh s lomenymi
linedrnimi nosniky nazvala ,,Zig-zag*, druhy ma asymetrické oblouky
ve tvaru pise¢nych dun a byl nazvéan ,,Dune (Duna). Oba ndvrhy pred-
stavovaly obrovské ndroky na statiku konstrukce, a proto, kdyz byla
vybrdna jako vitézny ndvrh Duna, jest¢ dlouho probihaly vypolty
a jedndni s architektkou, aby se vabec prokdzala proveditelnost mostu.

Obr. 10 Shaikh Zayed Bridge — budouci novd impozantni vstupni brdna do
hlavniho mésta SAE Abii Dhabi

Fig. 10 The Sheikh Zayed Bridge — the future new imposing gate to the UAE
capital, Abu Dhabi
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Obr. 11 Rozestaveény mohutny stredni pilir mostu
Fig. 11 The mighty central pillar of the bridge

Obr. 13 Burj Al Arab (Véz Arabu) — architektonickd ikona Dubaje ve tvaru
lodni plachty

Fig. 13 Burj Al Arab (Arabs’ Tower) — Dubai’s architectural icon, in the
shape of a sail

Obrovské sily a smér jejich pusobeni si vyzddaly mohutné pilife
(obr. 11) a dukladné zaloZeni na hlubokych pilotich provadénych
z beranénych jimek. Provedlo se 666 pilot o priméru 1,5 m a celkové
délky 15 000 m. Kubatura betonu pilot a pilifi je 140 000 m?.
U okrajovych éasti konstrukef, které prichdzeji do styku s morskou vodou,
se pouzila vyztuZ z nerezové oceli jako jedno z protikoroznich opatieni.

Most je dlouhy 850 m a hlavni pole bude mit rozpéti 150 m pri
vzdélenosti streda pilita 234 m. Vyska vozovky nad hladinou zélivu
je 22,5 m a vrchol nosnych oblouka bude v 85 m. Ocelové oblouky
montované z predvyrobenych dili o hmotnosti az 800 t ponesou vlast-
ni predpinanou komorovou Zelezobetonovou konstrukci mostu, jejiz
celkovd $ifka je az 67 m. Maximdln{ svisld vy$ka konstrukce je 5 m.
Vozovka mostu md v kazdém sméru 5 pruhu (4 jizdni a 1 odstavny),
ke kterym priléhd jeste chodnik pro pési.

Pii stavu rozestavénosti mostu k datu navstévy jeho stavenisté se
planovany termin dokonéeni v roce 2009 tcastnikim exkurze nejevil
prilis redlny.

Po spole¢ném ob&dé dcastnikd s velvyslankyni Ceské republi-
ky v SAE JUDr. Vérou Jetdbkovou, CSc., a s obchodnim radou
Ing. Jifim Rakem probéhla navstéva posledniho stavenis$te v Abud
Dhabi, kde se stavi mrakodrapy Sky Tower a Abu Dhabi Towers.
U prvniho z nich se z ¢asovych diavoda pouZilo ocelové oplasténi
sloupti u vnéj§i ¢asti budovy, kterd navazuje na vnitini Zelezobetono-
vé jadro provadéné v predstihu preklddanym bednénim (obr. 12).

V Dubaji byla navstivena jeste¢ rada dalsich stavenist nebo dokon-
Cenych staveb. Z téch neni mozno pominout prohlidku stavebni ikony
Dubaje, kterou je Burj Al Arab (VéZ Arabu) vysokd 321 m (obr. 13).
Tento exkluzivni hotel je postaven na umélém ostruvku cca 280 m od
brehu more a jeho architektura je opravdu krdsnd. Evokuje lodni
plachtu napnutou ve vétru (ale pti pohledu z mofe ma tvar hlavniho
kiestanského symbolu — kfiZe, coZ asi uniklo pri schvalovéni stavby).
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V podve€er pred no¢nim odletem z Dubaje tcastnici navstivili
jedno z nejvétsich ndkupnich stredisek Mall of Emirates. Rozlehld
budova v sob¢ ukryva atrakci, kterou by nikdo v této poustni zemi
nehledal — umélou sjezdovku o délce 400 m a prevySeni 45 m. Jeji
Zelezobetonovy tubus byl vybetonovédni na zemi a pak vyzdvizen fir-
mou VSL do prislusné polohy. Pfi pohledu pres sklo do vnitiniho pro-
storu, kde se udrzuje stald teplota —3° C, je iluze horské sjezdovky za
podmraleného zimniho dne prekvapiveé dokonald (obr. 14). LyZovani
na nf si uZivajf i zcela zahalené arabské Zeny.

Obr. 12 Osazovdni ocelového opldsténi sloupu na stavbé mrakodrapu Sky
Tower v Abti Dhabi

Fig. 12 Installation of the steel cladding of columns during the construction
of the Sky Tower building in Abu Dhabi

Obr. 14 LyZovdni na umélé sjezdovce v obchodnim centru Mall of Emirates
v Dubaji
Fig. 14 Skiing down an artificial ski-slope in the Mall of Emirates, Dubai

Z betonarského hlediska Ize hlavni dojmy a poznatky struéné

shrnout takto:

— mimorddny pocCet soucasné betonovanych konstrukci, predev§im
vyskovych budov a mosta,

— mimorddny objem uklddaného monolitického betonu a tomu
odpovidajici koncentrace technologickych zafizeni,

— relativné maly podil betonové prefabrikace (s vyjimkou budova-
ného metra a monoraill), ktery souvisi s dostatkem levné pra-
covni sily na stavbach a s dosud nerozvinutou vyrobni zdkladnou
prefabrikétu,

—vzhledem k extrémnim poZadavkim na rychlost vystavby
a vzhledem ke specidlnimu charakteru staveb (extravagantni
mrakodrapy, rozséhld zpevnéni umélych ostrovu apod.) jsou vy-
uzivany nejmodernéjsi, Casto unikdtni zafizeni a vyrobni postupy
(Cerpani betonu do rekordnich vySek, chlazeni Cerstvého betonu
atd.).

ING. MILOSLAV NOVOTNY,, ita-aites@metrostav.cz,
CTuK ITA-AITES;
ING. VLASTIMIL SRUMA, sruma@cbsbeton.cu, CBS
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AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTION

CESKA REPUBLIKA (STAV K 4/2008)
TUNEL SPEJCHAR - PELC-TYROLKA (SPELC)

Razby severnf a jizni tunelové trouby déle probihaji podle pla-
novaného harmonogramu stavby. Rychle postupujici celby se jiz
dostaly do predem ocekdvaného geologicky nejslab$itho mista
v oblasti pod Slechtovou restauraci, kde bylo moZné o&ekdvat
v kontaktu s razbou zastiZen{ vlivu nepfiznivych kvartérnich vrs-
tev. Zadatkem biezna také doslo k prvnim negativnim jevim spo-
jenym s timto médiem projevenych v podobé nadvylomu
a zvySenych deformaci. Nicméné i s pomoci uzavirani dna po¢vy
kaloty pokracoval Metrostav ddl a zacatkem dubna bylo dosazeno
jiz 1000 m celby severni tunelové trouby. To znamend, Ze se jiz
v téchto dnech zhotovovdni dila preklopi do své druhé poloviny.
Tak tedy nezbyva nez dodat, jen tak ddl i pro druhou polovinu.

Vedle ndmi sledovanych praci v podzemi se samozrejmé uspés-
né rozviji v souboru staveb méstského okruhu (Blanka) i ostatni
prace. Z vetsi Casti jsou jiz dokonleny nebo tésné pred dokonde-
nim i stavebni jamy Troja a Letnd a byly zde zahdjeny i prvni
betondze.

TUNEL STAVBY 514 SILNICNIHO OKRUHU KOLEM PRAHY

Tuneldfské prace spole¢nosti Hochtief pokrocily a razby tunelu
se chyli ke konci. Na prelomu 4-5/2008 se olekdvd prordazka
v kaloté dvoupruhového tunelu. Z razeb zbyva v prabéhu kvétna
a Cervna 2008 dokoncit razby jddra v obou tunelovych rourdch
v celkové délce 300 m, vyrazit posledni propojku za Radotinskym
portdlem, dokoncit prace na vyklencich a ukoncit profilaci pri-
marniho osténi. BetondZe definitivniho osténi se zatim provadéji
v hloubené ¢ésti tunelu celkové délky 300 m. V osténi tripruho-
vého tunelu bude na konci dubna chybét vynechana konstrukce
objektu vzduchotechniky a jediny blok klenby. Po jeho dokonde-
ni bude pracovni proud plynule pokracovat posunem do razené
Casti tunelu. Betondz osténi dvoupruhového tunelu pokracuje
smérem od mélkého konce stavebni jamy k razenému portalu
Lochkov a na konci dubna bude hotovo 5 bloku klenby z celkem
29 v hloubené casti.

TUNEL STAVBY 513 SILNICNIHO OKRUHU KOLEM PRAHY

Razba kaloty tfipruhového tunelu byla ukoncena slavnostni pro-
rdazkou dne 18. 3. 2008. V jadre chybi dorazit cca 400 m. Z obou
portalt dale pokraluji razby kaloty rozsifeného dvoupruhového
tunelu. Ke dni 10. 4. 2008 bylo v kaloté dvoupruhového tunelu vyra-
zeno 460 m od portdlu Komorany a 490 m od portalu Cholupice.
Pokracuji také razby spodnich partii dvoupruhového tunelu z obou
portdlovych vstupt se zpoZzdénim &eleb od 150 do 200 m. Razby
z portdlu Komorany provadi spole¢nost Skanska BS, dodavatelem
razeb z portdlu Cholupice je Subterra. Stavebni jama pred portdlem
Komorany byla dokoncena a zahdjily se prace na betonaZi hloubené
Casti tunelové konstrukce pred tifpruhovym tunelem.

TUNEL DOBROVSKEHO

Razba jizni tunelové roury Krdlovopolskych tuneld (tunel II)
pod ochranou osmi mikropilotovych destniki dosdhla v&etné
vSech zabezpecovacich praci ke dni 10. 4. 2008 uzavreni celého
profilu tunelu na délce 47 m od portdlu. Razby v dil¢ich profilech
pokrocily tak, Ze na konci hodnoceného obdobi bylo zahdjeno
odstranovani diivéjsi provizorni konstrukce levé pruzkumné $toly
ve vzddlenosti 101 m od portdlu. Pribéh provadéni raZeb je pec-
livé nepretrzité sledovdn ¢innostmi geomonitoringu, vyhodnoce-
né deformace neprekroCily v hodnoceném obdobi predpokldda-
nou troven (cca 50 % ocekdvanych hodnot). Tunel II razi spoleé-
nost Subterra. Razby v severni tunelové roure Krdlovopolskych
tuneld (tunel I), provadéné spolegnosti OHL ZS, byly zahdjeny
v posledni dekddé brezna.

JABLUNKOVSKY TUNEL

Na stavbé ,,Optimalizace trati st. hranice SR — Mosty u Jablun-

kova — Bystfice nad OISi* zahdjila Subterra razbu dvoukolejného

THE CZECH REPUBLIC (AS OF 04/2008)
THE SPEJCHAR - PELC TYROLKA TUNNEL (SPELC)

The excavation of the northern and southern tunnel tubes goes on in accor-
dance with the works schedule. The fast progressing headings have already
arrived at the location under Slechta’s Restaurant, where the worst geologi-
cal conditions are anticipated because of the effects of unfavourable
Quaternary layers being likely to be encountered by the excavation. The first
negative manifestations of these effects appeared at the beginning of March,
in the form of overbreaks and increased deformations. Despite this fact,
Metrostav a.s. continued to excavate, closing the top heading profile by
a temporary invert. About 1000m of the northern tunnel tube excavation was
complete at the beginning of April. It means that the work on the tunnel will
pass these days to the second half of the works package. Then there is not-
hing other left to add than to wish good luck for the second half.

Of course, the other work activities on the Blanka complex of structures
(part of the City Circle Road scheme) are also in progress, apart from the
underground work which is followed by ourselves. The major part of the con-
struction trenches in Tréja and Letnd has been completed or is just before
completion; first concrete casting operations have started.

THE TUNNEL IN CONSTRUCTION LOT 514 ON THE PRAGUE
CITY RING ROAD

The tunnel excavation by Hochtief continued and is near completion. The
double-lane tunnel top heading breakthrough is expected to take place at the
end of April or beginning of May 2008. The excavation items which remain
to be completed during May and June 2008 comprise the excavation of the
bench in both tunnel tubes (a total length of 300m), the excavation of the last
cross passage behind the Radotin portal, the excavation of side-wall recesses
and the profiling of the primary lining. The final concrete lining is being cast,
for the time being, in the 300m long cut and cover portion of the tunnel length..

At the end of April, the only structures which were missing in the three-
lane tunnel lining is the ventilation building, which is skipped over, and
a single block of the tunnel vault. When the vault is finished, the workflow
will continue, entering the mined part of the tunnel. The casting of the doub-
le-lane tunnel lining continues, in the direction from the shallow end of the
construction trench toward the Lochkov mined portal; 5 blocks of the vault
of the 29 blocks forming the mined part will be finished till the end of April.

THE TUNNEL IN CONSTRUCTION LOT 513
ON THE PRAGUE CITY RING ROAD

The top heading operations in the three-lane tunnel ended by
a breakthrough ceremony on 18th March 2008. About 400m of the bench
excavation remains uncompleted. The excavation of the double-lane tunnel
top heading continues from both portals. As of 10th April 2008, 460m and
490 of the double-lane tunnel top heading has been completed from the
Komorany portal and Cholupice portal respectively. The excavation of the
bench in the double-lane tunnel also proceeds from both portals; the distan-
ces of the faces behind the top headings are ranging from 150m to 200m. The
excavation from the Komorany portal is performed by Skanska BS, whereas
the contractor for the excavation from the Cholupice portal is Subterra. The
construction trench before the Komorany portal has been completed and the
casting of the concrete tunnel structures in the cut and cover section before
the three-lane tunnel has started.

THE DOBROVSKEHO TUNNEL

As of 10th April 2008, the excavation of the southern tube of the Kralovo
Pole tunnels (the tunnel II), which is being carried out under the protection of
eight micropile umbrellas, including the implementation of all support mea-
sures, reached the state where the whole tunnel profile is closed throughout
the length of 47m (measured from the portal). The partial headings procee-
ded successfully; at the end of the period being assessed, the removal of the
previous temporary support of the left-hand exploration gallery started at
a distance of 101m from the portal. The excavation operations are continual-
ly checked by means of geomonitoring; the measured deformations did not
exceed the anticipated level (about 50% of the assumed values) during the
period being assessed. The tunnel I is being driven by Subterra a.s. The exca-
vation of the northern tube of the Krdlovo Pole tunnels (the Tunnel I), which

is carried out by OHL ZS a.s., started in the last decade of March.
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tunelu. V mésici breznu byly provedeny price na zajisténi pravé stra- THE JABLUNKOV TUNNEL
ny tunelu pomoci injektovanych tifimetrovych PG kotev. Na konci
mésice byl s mirnym zpozdénim pripraven jizni portdl, a tak mohla
zalit samotnd razba kaloty, kterd probihd v silné rozrusenych horni-
néch. V soulasnosti je vyraZeno cca 13 m kaloty. Zaroven s postupem
razby probihd bourani horni ¢dsti piivodniho tunelu, jehoZ klenba je
tvorena beskydskymi piskovci. Primérni osténi kaloty z prihradovych
vyztuznych prvku a stifkaného betonu je napojeno na zajist€nou pra-

Subterra a.s. commenced the excavation of the double-rail tunnel, which is
part of the project “Optimisation of the rail line between the border with the SR
- Mosty u Jablunkova — Bystrice nad OISi*“. In March, the right side of the tun-
nel was stabilised by 3m long, grouted PG anchors. The end of the month saw
the completion of the southern portal, even though slightly delayed. Thus the
top heading driving could start, passing through heavily broken rock. About
13m of the top heading have been completed. The crown of the original tunnel,

vou stanu starého tunelu. V' soucasné dobé se daff postupovat podle which was built in the Beskydy Mountains Sandstone, is being removed in
planu, tj. cca 2 m denné. parallel with the advancing excavation. The primary lining of the top heading,
P _ consisting of lattice girders and shotcrete, is being connected to the stabilised
ROZSIRENI KANALIZACE V KARVINE right-hand sidewall of the old tunnel. The current advance rate is successfully
V prvnim &tvrtleti roku 2008 byly v rdmci projektu , Karvind — rozsi- maintained at about 2m per day, in accord with the construction schedule.

feni kanalizace* zahdjeny prace na prvnich dsecich provddénych mikro- ~
tunelovdnim. Jednd se o &ast 10 — Darkov, kterou realizuje spolenost KARVINA SEWERAGE EXPANSION

TCHAS, a zejména o ¢dst 6 — kolektor Alfa, provddény spolecnosti The first quarter of 2008 saw the beginning of the work on the first sections
Subterra. V Césti stavby Darkov byl nasazen stroj TCC Unclemole 400, of the “Karvina Sewerage Expansion” project, where microtunnelling techni-
ktery provadi prdce na uli¢nich stokdch o svétlém priméru 400 mm. ques are being used. The sections in question comprise Part 10 — Darkov,
I pfes velmi sloZité geologické podminky spo¢ivajici v nenaddlych zmé- | which is carried out by TCHAS, and, above all, Part 6 — Alfa Utility Tunnel,
nich geologie a v zna¢né Cetnosti valounii a hrubozrnych balvanitych for which Subterra a.s. is the contractor. A TCC Unclemole 400 machine was
Stérkil postupuji price podle harmonogramu a v dobé napsani ¢lanku used in a section of the “Darkov” part, to carry out 400mm i.d. street sewers.
bylo vyraZeno cca 250 m. Na tseku 6 — Kolektoru Alfa pokraCuji prace Despite very difficult geological conditions (abruptly changing geology, fre-
velmi rychle a v soucasné dobé jsou hotovy tseky o délkdch 100 m, quent occurrence of boulders and coarse-grained boulder gravel), the work has
160 m a 90 m — v¥e v kameninovych rourdch o svétlosti 1000 mm. Chybi progressed in accordance with the programme; about 250m of the excavation
dokonit posledn tsek ze Sachty Sa6 do Sa5 o délce 60 m. Vzhledem were completed till the moment of the writing of this paper. The progress of
k tomu, Ze prumérné dosahované postupy &inily dosud pres deset metra the work on Part 6 — Alfa Utility Tunnel is very fast; sections 100m, 160m and
za sménu, existuje redlny predpoklad ukonceni mikrotunelafskych praci 90m long have been finished (1000mm i.d earthenware pipes.). The last secti-
na této Casti stavby v mesici dubnu, coZ by bylo v predstihu oproti pla- on to be finished is the 60m long stretch between shafts Sa6 and Sa5.
novanému harmonogramu. Poté se mikrotunelovani pfesune na ¢dst stav- Considering the average advance rate of ten meters per shift, which has been
by 4 — sbéra¢ CA2, kde se bude provadét zatlatovani rour o svétlosti achieved till now, it can be realistically expected that microtunnelling operati-
1400 mm. ons in this part of the project will be finished in April, i.e. in advance of the
construction schedule. Then the microtunnelling will move to Part 4 — CA2
DALNICE D8 - 805 LOVOSICE — REHLOVICE Interceptor Sewer, where 1400mm i.d. pipe jacking will be performed.

V ifjnu 2007 byla zahdjena dlouho otekdvand stavba posledniho
tiseku ddlnice D8 na Drazdany, stavba D 805 pres Ceské stfedohofd. THE D8 MOTORWAY — CONSTRUCTION LOT 805

V ramci daného tdseku je budovédno i nékolik umélych staveb, tedy LOVOSICE - REHLOVICE

mostil a tunelii. Tunely jsou zde zastoupeny dvakrit, a to tunelem The long-awaited construction of the last stretch of the D8 motorway for
Prackovice délky 270 m a tunelem Radej¢in délky 620 m vcetné hlou- Dresden, i.e. construction lot D 805 comprising the crossing of the Ceské
benych &asti. PiestoZe byla stavba zahdjena jiz asi pred pul rokem, tak Stredohor{ uplands, started in October 2007. This motorway stretch contains
oba nase zminované tunely jesté nedostaly prileZitost ke svému roz- several artificial structures — bridges and tunnels - to be built. There will be
puku. Davodem neni nic jiného neZ stard zndmd legislativa, kterd two tunnels there: the 270m long Prackovice tunnel and 620m long (inclu-
k dne$nimu dni fikd, Ze by se tak mohlo stit v pripadé tunelu ding cut and cover parts) Radej¢in tunnel. Even though the construction star-
Prackovice az koncem léta letosniho roku a v pripadé tunelu Radej¢in ted half a year ago, the work on none of the above-mentioned tunnels was
bohuZel moznd také az nékdy zacdtkem roku pristtho. MuZzeme si tedy given chance of unrestricted development. There is no other reason than the
jen prét, ze pani legislativa zrychli svuj krok, a 7e mozna jiz v pristim notorious legislation, according which the work on the Prackovice tunnel
Cisle Casopisu si budeme moci precist néco povzbudivéjsiho. could start about the end of the summer of 2008, whereas the Radej¢in tun-
nel excavation could be postponed, unfortunately, even to the beginning of

KOLEKTOR VACLAVSKE NAMESTI[ the next year. We can only believe that “Lady Legislation” will accelerate its
Sdruzeni MENASU (Metrostav, Navatyp, Subterra) dokon&ilo pace and we will be able to read something more encouraging, possibly in

zhotovovani tryskové injektdZe z povrchu. Ta md za ukol zlepsit the nextissuc of ourmagazine.

vlastnosti Sterkopiskového prostredi vltavské terasy, kterd tvorf
nadloZi pfestavovaného kolektoru. Pod ochranou destnika tryskové

THE WENCESLAS SOUARE UTILITY TUNNEL

injektdZe bude ndsledovat razba samotného kolektoru. Nejednd se MENASU (a group of companies consisting of Metrostav, Navatyp and
o razbu ,,panenskou*, ale o pfebudovévém’ jiz existujictho vodovod- Subterra) has finished the jet grouting from the surface. The objective of the
niho kandlu o svétlém profilu 6,16 m? na kolektor profilu cca 18,1 jet grouting is to improve the properties of the environment formed by the

m?. Razba probihd z hloubenych Sachet v dolni ¢dsti Vaclavského Vltava River gravel-sand terrace, covering the utility tunnel being reconstruc-
namésti, o profilu cca 15 m? a hloubky 15,5 m. Subterra a. s. zahajuje ted. The excavation of the utility tunnel itself will follow, using jet-grouted
provéddén{ svych stavebnich objektl ze Sachty $51. Z ni v poloving umbrellas. The subject-matter of the contract is not a new construction; it is the
dubna dokoncila propojku do S49, kde Subterra a Energie stavebn{ reconstruction of an existing water supply canal (the inner cross sectional area
a bdnskd realizuje Trasu B kolektoru Véclavské ndmésti. Leader of 16m?) to a utility tunnel with the cross sectional area of about 18.1m?. The
sdruzeni MENASU, zaloZeného pro realizaci systému kolektora pod excavation starts from shafts (cross sectional areas of about 15m?, depths of
Véclavsk)’/m nameéstim, firma Metrostav, vyhloubila Sachtu V2 v&et- 15.5m), sunk in the lower part of Wenceslas Square. Subterra a.s. has begun to
né jejiho rozsifeni. Provedla zasanovani dutiny, ktera pod povrchem build the structures according to its contract, from shaft S51. From this shaft,
zustala jako sou¢dst nékdejsi, dnes jiz nepouzlvane stoky a chystd se Subterra carried out a section connecting it with shaft S49 (completed in the
k zahdjeni razby kaloty z doln{ castl namestl smérem k muzeu. middle of April), at which the companies of Subterra and Energie stavebni

ING. VLASTIMIL KANOVSKY vkanovsky@subterra.cz , a banskd have worked on “Route B” of the Wenceslas Square utility tunnel.

ING. BORIS SEBESTA sebesta@metrostav.cz Metrostav a.s., the leader of the MENASU group of companies which was
established to build the system of utility tunnels under Wenceslas Square, dee-

pened and enlarged the profile of existing shaft V2. It filled and stabilised the
SLOVENSKA REPUBLIKA cavity which remained under the surface as a part of the former, today aban-

doned, trunk sewer; currently it is going to start the excavation of the top hea-

TUNEL BORIK ) ding from the lower part of the square, toward National Museum.
Prace na tuneli Borik dlzky cca 1 km na dialnici D1 v dseku ING. VLASTIMIL KANOVSKY vkanovsky@subterra.cz ,
Mengusovce—Janovce pokracuji aj po prerazeni oboch tunelovych ING. BORIS SEBESTA, sebesta@metrostav.cz
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rur. Po betonazi hiben}’/ch tunelov na vychodnom portdli prebie-
ha v oboch rdrach betondZ sekunddrneho ostenia v smere
k zdpadnému portdlu. V priebehu druhej polovice roku 2008 by
mala byt stavebna Cast tunela ukonéend realiziciou chodnikov
a vozovky s cementobeténovym krytom. V priebehu jarnych
mesiacov prebehla tieZ sitaz na doddvatela technologického
vybavenia tunela, ktord by mala byt v kratkom ¢ase vyhodnote-
nd. Cielom je uvedenie tunela do prevddzky v priebehu roku
2009. Tunel Borik bude $tvrtym slovenskym dialni¢nym tune-
lom, resp. piatym, ak pocitame aj kratky presypany tunel
Luc¢ivnd na stvisiacom tseku Vazec—Mengusovce.

PPP PROJEKTY NA VYSTAVBU DIALNIC
A RYCHLOSTNYCH KOMUNIKACI(

V novembri 2007 vypisand predkvalifikdcia pre sttaz na kon-
cesiu pre prvy z troch pldnovanych balikov v rdmeci dialni¢nych
projektov verejno-sikromného partnerstva (PPP) mala v prvych
mesiacoch roku 2008 burlivy priebeh. Koncesia sa tyka vypraco-
vania projektovej dokumentdcie, vystavby, financovania, pre-
vadzky a udrzby dialnice D1 na tsekoch Dubnd Skala—Turany,
Turany-Hubovd a Hubovd-Ivachnovd, ako aj na usekoch
Janovce—Jablonov a Fricovce—Svinia v celkovej dlzke 75 km,
pricom sd¢astou tdsekov si tunely Rojkov, Havran, Cebrat
a Sibenik. Doklady do predkvalifikdcie predloZilo celkom 3est’
uchdadzacov, z ktorych malo ministerstvo dopravy, post
a telekomunikdcii do sttaZe vybrat'maximdlne Styroch. Na konci
janudra 2008 ozndmilo ministerstvo pomerne prekvapujice vy-
licenie Styroch uchddzacov kvoli nedoloZeniu pozadovanych
dokladov. Do sitaze mali postipit’ len konzorcid Skanska—Vinci
a Bouygues—Doprastav—Vdhostav SK-Colas—Intertoll-Mota
Engil. Viaceri vyli¢eni uchddza¢i podali ndmietku na Urad pre
verejné obstardvanie, ktory vyhovel konzorciu Hochtief—Alpi-
ne—Western Carpathians Motorway Investors Company a jeho
vylicenie zrusil. Reakciou ministerstva bolo podanie Zaloby na
sid, ktory by mal rozhodnit o platnosti vylicenia. AZ do roz-
hodnutia sidu ministerstvo sitazné aktivity pre prvy balik PPP
pozastavilo.

PREPOJENIE ZELEZNICNEHO KORIDORU TEN-T
S LETISKOM A ZELEZNICNOU SIETOU V BRATISLAVE

V priebehu predoslého roku sa zacali prace na projektovej pri-
prave stavieb prepojenia Zelezni¢ného koridoru TEN-T
v Bratislave. Projektové tymy vedené Dopravoprojektom spraco-
vali v tomto obdobi dopravno-urbanisticku Stidiu, dokumentaciu
pre hodnotenie vplyvov na Zivotné prostredie (EIA) a roz-
pracovali aj dokumentdciu pre stavebny zdmer. Délezitym milni-
kom bolo vydanie zdvere¢ného stanoviska k hodnoteniu environ-
mentdlych vplyvov ministerstvom Zivotného prostredia.
Najndro¢nejSou z pohladu technického i ekonomického je
1. stavba, prepojenie stanice Predmestie so stanicou Petrzalka
s tunelovym vedenim trate pod centrdlnou mestskou zénou a pod
korytom rieky Dunaj. Vzhladom na potrebu zabezpecenia
dopravnej obsluhy mesta sa na tunelovych usekoch uvazuje
s vybudovanim podzemnych stanic.

ING. MILOSLAV FRANKOVSKY ,
frankovsky@terraprojekt.sk

Tuel

THE SLOVAK REPUBLIC
THE BORIK TUNNEL

The work on the about 1km long Borik tunnel on the Mengusovce — Janovce
section of the D1 motorway continues even after the completion of the exca-
vation of both tunnel tubes. The casting of the secondary linings is underway
in both tunnel tubes, in the direction toward the western portal, after the com-
pletion of the casting of the cut and cover tunnels at the eastern portal. The civil
works on the tunnel, i.e. the construction of walkways and concrete road pave-
ment, should be finished during the second half of 2008. Tenders for the supp-
ly and installation of the tunnel equipment, which were submitted in the spring
and the winner, should be assessed and the results announced soon. The objec-
tive is to open the tunnel to traffic during 2009. The Borik tunnel will be the
fourth Slovak motorway tunnel, or fifth if we count also the short false tunnel
Lucina, on the adjacent motorway section between VaZec and Mengusovce.

PPP PROJECTS FOR THE DEVELOPMENT OF MOTORWAYS
AND FAST HIGHWAYS

The course of the pre-qualification for the concession for the first of the three
packages of motorway projects which are planned within the framework of the
Public Private Partnership scheme, for which the invitation was published in
November 2007, was turbulent in the first quarter of 2008. The concession
covers the design, construction, funding, operation and maintenance of the D1
motorway sections Dubnd Skala - Turany, Turany - Hubovd and Hubova -
Ivachnova, as well as sections Janovce - Jablonov and Fricovce — Svinia, at the
aggregate length of 75km; parts of the sections are the Rojkov, Havran, Cebrat’
and Sibenik tunnels. Six applicants submitted pre-qualification documents. The
task for the Ministry of transport was to select four of them for the competition
as a maximum. At the end of January 2008, the ministry announced relatively
surprisingly that four applicants had to be excluded because of their failure to
submit required documents. The consortia consisting of Skanska — Vinci and
Bouygues - Doprastav — Vhostav SK - Colas — Intertoll — Mota Engil were the
only successfully pre-qualified applicants. Several excluded applicants appealed
against the decision with the Office for Public Procurement, which subsequent-
ly acknowledged the arguments of the Hochtief Alpine - Western Carpathians
Motorway Investors Company consortium and cancelled its exclusion. The
ministry responded by legal action requiring that the decision whether the exc-
lusion was valid be made by court. The ministry has suspended the tendering for
the first PPP package until the court decision is issued.

THE CONNECTION OF THE TEN-T RAIL NETWORK WITH
THE AIRPORT AND RAILWAY NETWORK IN BRATISLAVA

The past year saw the beginning of the work on the design documents for
structures forming the connection of the TENT-T rail network in Bratislava.
Design teams, managed by Dopravoprojekt, carried out the land-use transpor-
tation study, the environmental impact analysis, and started the work on the
building scheme. The fact that the final opinion on the environmental impact
analysis has been issued by the Ministry of the Environment is an important
milestone. The most demanding, from technical and economic points of view,
is the 1st construction package consisting of the line connecting Predmestie
Station with Petrzalka Station, where the track will run through a tunnel, under
the central zone of the city and under the Danube River. With respect to the
need for resident traffic in the city, underground stations are under considera-
tion to be built in the sections running through tunnels.

ING. MILOSLAV FRANKOVSKY , frankovsky @terraprojekt.sk
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ROZSIRENE ROKOVANIE KOMITETU STA VO FEBRUARI 2008 V PRIEVIDZI
THE STA BOARD EXTENDED MEETING IN FEBRUARY 2008, PRIEVIDZA

A meeting of the STA Committee took place on 12th February 2007 in the
meeting room of SKANSKA BS, a.s., KoSovska cesta 16.

The official part of the meeting was opened by Ing. Rébert Turansky, the chairman
of the STA Board. He presented, as the main topic of the meeting, the necessity for
formulating the vision and program of the STA activities, which should contribute to
the elimination of the prevalent, negative attitudes of mass media resulting in base-
less and unsubstantiated arguments negatively influencing the public opinion.

V zasadacke spolo¢nosti SKANSKA BS, a. s., KoSovska cesta 16, sa dna 12.
februdra 2008 uskutocnilo rokovanie Komitétu STA rozsirené o prizvanych
hosti, zastupcov hostitelskej organizacie, zdstupcov organizdcie zaujimajticej sa
o ¢lenstvo v STA a zdstupcov reklamnej agentiry, s ktorou by mohla STA spo-
lupracovat pri propagécii podzemného stavebnictva.

Priebeh a vysledky rokovania:

Na tvod rozsireného rokovania Komitétu STA privital dcastnikov predseda
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predstavenstva a generdlny riaditel’ spolocnosti SKANSKA BS Ing. Miroslav ku a problém mozného zvySenia poctu Studentov pre odbor podzemného sta-
Beka. Vo svojom vystipeni ocenil prinos a vyznam vzdjomnej spoluprice vset- vebnictva. Prvoradou prekdzkou je nezdujem mladej generacie o Stidium tech-
kych subjektov v rdmci Slovenskej tuneldrskej asocidcie a prial by si, aby STA niky. Okrem toho vyslovil poZiadavku mozného finan¢ného prispevku pre $tu-
v podmienkach, danych i tych, ktoré sama moZe utvérat a ovplyviiovat, aj dentov Fakulty BERG, ktorf by sa mohli zicastnit’ konferencie Betontag vo
v budcnosti plnila svoje poslanie na prospech rozvoja celého odvetvia podzem- Viedni.

ného stavebnictva. Ing. Mikuld§ Berdnek, vykonny tajomnik Slovenskej banickej spolo¢nosti,

Oficidlnu Cast rokovania otvoril Ing. Rébert Turansky, predseda Komitétu
STA. Za klii¢ovi tlohu rokovania oznacil potrebu formovania vizie a programu
¢innosti STA v zdujme odstranenia prevazujicich negativnych postojov masmé-
dif a ich ovplyviiovania verejnej mienky nesprdvnym smerom, zaloZenom na
povrchnych a nepodloZenych argumentoch.

Ing. Mikulds Pakh predlozil dctovnu uzdvierku hospoddrenia v roku 2007
a odovzdal ju &lenom reviznej komisie STA Ing. Petrovi Stefkovi, CSc.
a Ing. Pavlovi Vavrekovi, Ph.D. na skontrolovanie a schvélenie.

Ing. Peter Witkovsky, podpredseda Komitétu STA, formuloval predstavu

informoval o terajSom zamerani ¢innosti tejto organizécie (ktord na zdklade zmlu-
vy s STA formalne spolupracuje a v mnohom md podobné problémy ako STA).

Na zdklade vyjadreného zdujmu o ¢lenstvo v STA firmou Renesco
a. s. Bratislava boli na rozsirené rokovanie Komitétu STA prizvani reprezentan-
ti tejto spolocnosti, a to Per Konig, predseda predstavenstva a vykonny riaditer,
a Ing. Gustdv Schnierer, ¢len predstavenstva a marketingovy manazér z pobocky
v Prievidzi.

Dal3im prizvanym subjektom na roz$irené rokovanie boli reprezentanti agen-

0 hlavnom zameran{ programu STA s ndvrhom tychto hlavnych okruhov ¢innosti: tiry Webster zaoberajicou sa masmedidlnou komunikciou Ing. Peter Blasko,
— préca s mlddeZou a spoluprica so $kolami; riaditel’ agentury, a Diana Dobruckd, riaditelka PR. Prizvanie zdstupcov agentu-
— odborno-publikaén &innost: ry bolo motivované hfadanim moznosti aktivneho pdsobenia na verejnost’ cez
— aktfvne organizovanie semindrov a konferencif, ako aj obsadzovanie odbor- oznamovacie prostriedky v spolupraci odbornikov z radov STA s organiziciou
nych podujati tohto druhu, vritane svetovych tuneldrskych kongresov; profesijne Specializovanou na PR a masmedidlnu komunikdciu.
— uplatnenie vplyvu odbornych kruhov pri presadzovani ich hladisk pri tvor- Zavery a prijaté ilohy
be a aplikdcii legislativy; 1. Patrondciou nad ¢innostou v oblasti komunikdcie s verejnostou a pdsobenia
—komunikdcia s verejnostou a elimindcia negativnych prejavov verejnej cez elektronické a tlafové média Komitét STA poveruje Ing. Petra
mienky atraktivnou propagéciou opravnenosti potreby tunelov a korektnych Witkovského a Ing. Mikul4sa P4kha.
pomeroch v tomto odvetvi z hladiska uplatfiovanjch cien alebo vykonov 2. Ing. Witkovsky a Ing. Pdkh vecne sformuluji a pisomne pripravia zadanie
aich porovnatelnosti s pomermi v zahranici. tilohy agentire Webster na spoluprécu v oblasti efektivnejSicho pdsobenia

Ing. Miloslav Frankovsky, ¢len Komitétu STA, charakterizoval neddvnu
minulost’a sti¢asnost tuneldrskeho odvetvia v interpreticii masmédii v takom
zmysle, Ze tla¢ a elektronické média o tuneloch uverejiuju iba tri typické javy:
zacatie vystavby, uvedenie do prevddzky a havdrie a mimoriadne situdcie (vra-
tane zdovodnenych alebo pldnovanych odstdvok, napriklad pre udrzbu).
Negativny postoj masmédif a verejnej mienky spravidla vedie k obrannej reak-
cif odbornych kruhov. STA, ktord predstavuje stihrn odborne kompetentnych
subjektov by mala byt schopnd reagovat nielen obranne, ale vystupovat aj
aktivne, publikdciou raciondlnych argumentov.

na verejnost prostrednictvom tlacovych a elektronickych médii.

3. Vo sfére posobenia na mladi generdciu odbornikov pre podzemné staveb-
nictvo a spoluprdce s vysokymi, pripadne i strednymi Skolami poveruje
Komitét STA Ing. Pavla Vavreka Ph.D. a Ing. Ivetu Snaukov.

4. Zodpovednost za oblast’posobnosti na elimindciu neprimeranych poziada-
viek predpisov (najmi v dialni¢nych tuneloch) a na vytvéranie priaznivej-
Sich legislativnych podmienok pre rozvoj podzemného stavebnictva prijali
Clenovia Komitétu STA Ing. Viktdria Chomovd a Ing. Peter Dinga.

Ing. Viktéria Chomovd, Slenka Komitétu STA, uviedla na poZiadanie predse- 5. Aktivne organizovanie semindrov a konferencii, ako aj obsadzovanie

dajuceho niektoré informdcie tykajiice sa stavu pripravy tunelovych stavieb na odbomyc}q podujati tohto druhu, vritane svetovych tuneldrskych kongresov
tiseku Dubn4 Skala — Ivachnova. Najjednoduchs{ tsek na tejto trase predstavuje bude nadalej v gescii Ing. MikuldSa Pdkha, pri aktivnej podpore ad hoc
Dubnd Skala-Turany, ktory je bez tunelov. Pre dsek Hubovd-Ivachnova poverenych ¢lenov Komitétu STA.
s tunelom Cebrat’ (cca 2000 m) je vydané tizemné rozhodnutie. NajtaZzsi tisek 6.V spoluprdci s firmou Renesco zorganizovat sympdézium na tému
predstavuje dialnica Turany—Hubovd, s tunelmi Havran (2800 m) a Rojkov ,-Hydroizoldcie podzemnych stavieb na sticasnej irovni techniky* pre vset-
(1800 m). kych zdujemcov z radov Clenskych organizdcii STA. Zodpovednost:

Ing. Pavol Vavrek, ako zdstupca fakulty BERG TU Kogice, reagoval na otdz- Ing. Stefan Choma. ING. JOZEF FRANKOVSKY

ZPRAVODAJSTVI CESKEHO TUNELARSKEHO KOMITETU ITA-AITES
CZECH TUNNELLING COMMITTEE ITA-AITES REPORTS
wwWw.ita-aites.cz

VALNE SHROMAZDEN( CESKEHO TUNELARKEHO KOMITETU ITA-AITES
GENERAL MEETING OF THE CZECH TUNNELLING COMMITTEE OF THE ITA-AITES

The General Meeting of the Czech Tunnelling Committee of the ITA- Further, Mr. Hrdina informed about the commencement of the preparation
AITES was held in Prague on Thursday the 15th May 2008. of the International Conference Underground Construction 2010, Prague,
The first item of the programme was the report on the activities of the which will be held in the Czech Republic’s capital, Prague, in June 2010. Mr.
Committee and its Board since the last working meeting, which took place on Alexandr Butovi¢, Satra s. r. 0., who acquitted himself very well while organi-
15th November 2007. Mr. Ivan Hrdina, the Chairman of the CTuC, informed sing the ITA workshop within the framework of the WTC 2007, is the chair-
about the meetings of the new CTuC Board which took place on 24.1.2008 and man of the Preparatory Committee.
30.4.2008.
At the beginning of the first meeting, the Board assessed the results of the Ve ¢tvrtek 15. kvétna 2008 se konalo v Brevnovském kléstere v Praze 6
previous term. Then they elected two vice-chairmen, namely Prof. Jifi Bartdk valné shromézdéni CTuK ITA-AITES.
(the Department of Civil Engineering of the Czech Technical University in Prvnim bodem programu byla zprava o ¢innosti komitétu a jeho pred-
Prague) and Mr. Stanislav Sikora (VOKD a.s.). In addition, the members of the sednictva od posledniho pracovniho shromazdéni, které se konalo 15. 11.
Board distributed responsibilities for individual fields of the Committee activi- 2007. Zpravu prednesl predseda komitétu Ing. Ivan Hrdina. Nejprve struéné
ties among themselves as follows: komentoval ekonomické vysledky WTC 2007, které potvrdil dcetni audit
- Tunel magazine and the edition of CTuC Documents — Prof. Jif{ Bartdk provedeny nezdvislou auditorskou firmou Spica Audit s. r. 0. Zprdva o auditu
- related associations — Prof. Josef Aldorf byla preddna 28. 11. 2007 a obsahuje nésledujici zdvére¢ny vyrok auditora:
- working groups — Mr. Stanislav Sikora »PredloZené ticetnictvi poddvd vérny a pravdivy obraz hospodafeni WTC
- economy and contacts with state administration — Mr. Véiclav Soukup 2007 a je v souladu s G¢etnimi predpisy platnymi v CR.“
- web pages — Mr. Libor Marik Audit osvedeil zisk WTC 2007 ve vysi 3 604 829,45 K&, ktery byl rozdélen
- seminars and educational events — Mr. Otakar Hasik, in collaboration with podle smlouvy o Sdruzeni WTC 2007. Uzavienim hospodareni kongresu
Mr. Matous Hilar (a correspondent to the ITA) a jeho vyporaddnim zaniklo ve smyslu smlouvy Sdruzeni WTC 2007.
- foreign contacts — Mr. Matou§ Hilar, in collaboration with Mr. Libor Ing. Hrdina pak informoval o jednanich predsednictva komitétu dne
Marik. 24.1.2008 a 30. 4. 2008.
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Na prvnim z nich predsednictvo nejprve hodnotilo uplynulé obdobi. Mimo
klady (WTC 2007, ¢asopis Tunel, webové stranky a p.) povazuje pfedsednic—
tvo za hlavni nedostatky prace komitétu nedostatecny kontakt se statn{ spra—
vou, pouze formdlni existenci nékterych PS a pasivni cast vétsiny zdstupcl
CTuK v ITA WGs.

Predsednictvo zvolilo dva mistopredsedy, kterymi se stali: prof Jif{ Bartdk
(FS - CVUT) a Ing. Stanislav Sikora (VOKD a. s.) a rozdé€lilo si zodpoveédnost
za ¢innost komitétu: 5

Casopis Tunel a edice Dokumenty CTuK - prof. Jifi Bartdk

piibuzné spolecnosti — prof. Josef Aldorf

pracovni skupiny — Ing. Stanislav Sikora

ekonomika a kontakty se stdtn{ spravou — Ing. Véclav Soukup

webové stranky — Ing. Libor Marik

semindre a vzdéldvaci akce — Ing. Otakar Hasik, spoluprdce Ing. Matous§
Hilar (korespondent k ITA)

zahrani¢n{ kontakty — Ing. Matou$ Hilar, spoluprdce Ing. Libor Marik.

Hlavnim bodem jedndni predsednictva 30. dubna 2008 byla priprava valné-
ho shromédzdéni véetné projednéni navrhu revize stanov komitétu.

Ing. Hrdina pak komentoval hlavni aktivity komitétu.

Mezinarodni konference Podzemni stavby 2010 Praha

Byla zahdjena priprava konference, je stanoven termin kondni na 14. az
16. Cervna 2010 a formuje se piipravny vybor. Pfedsednictvo oslovilo
Ing. Alexandra Butovice z firmy Satra s. r. 0., aby piipravny vybor vedl i proto,
Ze se plné osvedCil pfi organizaci ITA workshopu v rémci WTC 2007.

Casopis Tunel

UdrZuje si velmi dobrou droven, ale neSkodila by vétsi publika¢ni aktivita
mnohych ¢lent komitétu. Podrobnéjsi zpravu pak podal prof. Bartdk, ktery
také zminil, Ze komitét pripravuje vykladovy slovnik tunelarskych pojmi.

Edice Dokumenty CTuK

V dubnu vysel treti svazek edice ,,Strikany beton v podzemmm stavitelstvi
ktery byl jiz zaslan ¢lenum komitétu. Svazek pripravila pracovni skupina pro
stifkany beton pod vedenim Ing. Matouse Hilara, kterému za jeho aktivitu pati{
dik.

Svazek byl také rozesldn nékterym investoram a orgdnum stétn{ spravy.

Webové stranky

Podle statistiky jsou hojné navstévované. Obsahuji skute¢né hodné infor-
macf o ¢innosti komitétu — od pldnovanych akef pies Cinnost (¢i neCinnost) pra-
covnich skupin a jejich dokumenty, knihovnu CTuK az k ¢asopisu Tunel, ktery
je zde v PDF formatu.

Nedostatkem je, Ze firmy nevyuzivaji pfedevs§im moznost umistovat v sekci
Podzemni stavby“ informace o pripravovanych, realizovanych i dokonco-
vanych stavbach.

Vzdélavaci akce

Komitét zahdjil kondni puldennich semindrt pod ndzvem Tunelarské odpo-
ledne. Vsichni ¢lenové komitétu ma]l moZnost se do pifpravy Tuneldiskych
odpoledni v&etné vybéru jejich namétl zapojit. Ucast na Tuneldfskych odpo-
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lednich neni omezena pouze na ¢leny CTuK ITA-AITES a mistem jejich kond-
ni nebude jen Praha. Piipravu Tuneldrskych odpoledni koordinuji Ing. Otakar
Hasik a Ing. Matous Hilar, Ph.D.

Informace o kondni Tuneldfskych odpoledni naleznou zdjemci na naSich
webovych strankdch. Prvni tuneldrské odpoledne mélo téma ,,Tunel Bfezno*
a bylo tspesné.

Odborné exkurze a zajezdy

Komitét zorganizoval a finan¢né podporil odborny zdjezd na tunelové stav-
by do Némecka a Dénska, ktery se konal 27. 5. aZ 1. 6. 2008. PoCet G¢astnikl
byl 40 osob.

Odbornou exkurzi do Svycarska pldnuje komitét na 1. pololetl 2009.

Valné shromézdéni pak projednalo a odsouhlasilo zprava o hospodareni
komitétu v roce 2007, navrh rozpoc¢tu na rok 2008, informaci o stavu ¢len-
ské zakladny a o platebni kazni.

O Cinnosti pracovnich skupin hovoril Ing. Stanislav Sikora. Pozddal vSech-
ny vedouci pracovnich skupin a v§echny zdstupce komitétu v ITA WGs, aby
mu do tif mésicu zaslali plan své Cinnosti, piipadné potvrdili, ze v ITA WGs
budou skute¢né aktivné pracovat.

Informoval, ze Vybor pro bezpecnost provozu v podzemnich stavbich
ukoncil svou ¢innost v rdmei CTuK a nasi &lenové se naddle podileji na praci
obdobného vyboru v ramci CSS.

O spoluprédci s pribuznymi odbornimi spolecnostmi podal zpravu
prof. Josef Aldorf. Konstatoval, Ze droveri spoluprdce zdvisf nejen na aktivité
ze strany CTuK, ale predeviim na celkové aktivité piibuznych spolenosti.
Z toho pohledu dobre probiha spoluprice s CSS (zde diky aktivité Ing. Jifiho
Smolika), se Spole&nosti pro mechaniku hornin (zastupuje ns doc. Stiuparek)
a's CBS (zéstupci prof. Aldorf a Ing. Sourek — Satra s. 1. 0.)

DuleZitym bodem dalstho jedndni byla revize stanov komitétu. Po projed-
ndni ndvrhu zmény stanov, které predloZilo valnému shromézdéni predsednic-
tvo, bylo nové znéni stanov jednomyslne schvaleno. Souédsti zmény stanov je
i zména jeho ndzvu a pouzivané zkratky: Ceskd tuneldiska asociace ITA-
AITES (CZTA). Nové stanovy budou predloZeny Ministerstvu vnitra CR a po
schvaleni vstoupi v platnost.

Nésledovala prezentace firem Zakladani Group, a. s., a Zakladani staveb,
a. s. Nejprve informoval o aktivitdch firmy Zaklddani Group, a. s., jeji gene-
rdln{ feditel Ing. Zdenék Rataj. Pak prednesl technicky feditel Zakladani sta-
veb, a. s., Ing. Jif{ Miihl velmi zajimavou pfedndSku o pokusnych kompenzac-
nich injektdZich na stavbé tunelu Dobrovského v Brné.

V zdvéru valného shromdzdéni informoval Ing. Miloslav Novotny t¢astni-
ky o exkurzi na vyznamné stavby ve Spojenych arabskych emirdtech, kon-
krétné v Dubaji a v Abu Dhabi. Exkurzi pofadala Ceska betonafska spolecnost
a v programu byla také ndv§téva stavby metra v Dubaji.

Zaznam z jedndni VS i projednané znéni stanov lze nalézt na
Www.ita-aites.cz.

ING. MILOSLAV NOVOTNY, ita-aites@metrostav.cz

PUBLIKACE STRIKANY BETON V PODZEMNIM STAVITELSTVI
THE PUBLICATION ON SHOTCRETE IN UNDERGROUND CONSTRUCTION

The publication Shotcrete in Underground Construction, which was prepared by the Working Group for shotcrete of the Czech Tunnelling Committee (CTuC),
was published at the beginning of the second quarter of 2008. It is the third volume within the edition focused on underground construction, which is issued for

CTuC’s own use under the title “ITA/AITES CTuC Documents”.

Pocdtkem druhého Ctvrtletf letoSniho roku byla vydana publikace Strikany beton v podzemnim stavitelstvi, kterou pripravila pracovni skupina pro stifkany beton
Ceskeho tuneldfského komitétu (CTuK). Jedn4 se o tieti svazek v edici zaméfené na podzemni stavby s nizvem ., Dokumenty CTuK ITA-AITES*, které vydava
CTuK pro vlastni potiebu. Vytisky vSech vydanych svazkii Ize do vyCerpani zdsob obdrzet zdarma od sekretaristu CTuK. Elektronické kopie dokumentt jsou

dostupné na webovych strankdch CTuK (www.ita-aites.cz).

Publikace Strikany beton v podzemnim stavitelstvi je rozdélena do 14 kapitol, ve kterych jsou popsany zdkladni aspekty tohoto materidlu (historie, sloZeni, pti-
prava, aplikace, pozadavky, kontrola, StrOJIll vybaveni, moznosti vyuZitf, atd.). Kromé odborného textu publikace zahrnuje fadu schémat a fotografif. Publikace je

uréena odbornikim, ale i laikim se zdjmem o danou problematiku.

Ing. MATOUS HILAR, Ph.D., hilar@d2-consult.cz, D2 Consult Prague s.r. o.

UPLYNUL ROK OD ZAHAJENI PRAZSKEHO ITA-AITES WTC 2007
ONE YEAR HAS ELAPSED SINCE THE BEGINNING OF THE ITA-AITES WTC 2007 IN PRAGUE

On 7th May 2008, one year has elapsed since the beginning of the negotia-
tions of the ITA-AITES World Tunnel Congress 2007, Prague, the Czech
Republic. The Congress and the related events were very successful. For that
reason the Czech Tunnelling Committee of the ITA-AITES wishes to thank all
of those who participated in its preparation, who attended it, and also the foun-
ding members of the consortium Sdruzeni WTC 2007. Owing to the fact that
they had made the decision to found Sdruzeni WTC 2007 and make the basic
deposit into its account, they made the crucial step which allowed the prepara-
tory work to fully unfold.

This is why you will find their advertisements on the pages of this issue of
Tunel magazine. ING.1VAN HRDINA, ITA-AITES CTuC Chairman

Dne 7. kvétna 2008 uplynul rok od zahdjeni vlastniho jedndni svétového
tuneldfského kongresu ITA-AITES WTC 2007, ktery se konal v prazském
Kongresovem centru.

Kongres i s nim souvisejici akce byly velmi dspésné, a proto chee Cesky
tuneldfsky kongres ITA-AITES jesté jednou podékovat nejen vsem, kteff se na
jeho piipravé podileli, vSem kteff se jej ziCastnili, ale také zaklddajicim ¢lendm
Sdruzenf WTC 2007. Diky tomu, Ze se rozhodli SdruZzeni WTC 2007 ustavit
a vlozit do néj zdkladni vklad, rozhodujicim zpisobem umoZnili plné rozvinu-
ti ptipravnych praci.

To je diivod, pro¢ na dalSich strankach tohoto &isla Casopisu Tunel najdete
jejich inzerdty. ING.IVAN HRDINA, predseda CTuK ITA-AITES




