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EDITORIAL
Vdzent ctendri Casopisu Tunel!

Psat editorial do prvniho ¢isla nového (jiz 17.) ro¢niku ¢asopisu
Tunel svadi k bilancovani a k vyhldSeni vydavatelskych zdméra
pro rok 2008 zvlasté proto, Ze jeho autor je vedoucim redaktorem
casopisu.

Pokud jde o bilancovéni, tak podle vaSich ohlast lze konstato-
vat, Ze ¢asopis v poslednich letech zlepsil svou droven. Tykd se to
jak vn¢jsi podoby, jejiz zména byla provedena poclinaje &islem
1/2005, tak i kvality jeho obsahu i zvétSeného rozsahu. ZvySeny
zdjem ¢tendfa se projevil i v poctu novych predplatitelt a vétsi roz-
sah svéd¢i o zdjmu autort v Casopise publikovat. Poznamendvam,
Ze v minulosti mél ¢asopis 64 stran, ale v poslednich dvou letech
vychédzel v rozsahu primérné kolem 80 stran. Jisté jste také
postiehli, Ze snahou redakeni rady je ziskdvat pro Casopis puvodni
autorské ¢lanky ze zahrani¢i, pfipadné nékteré mimoradné zajima-
vé &lanky ze zahrani¢nich Casopist piejimat.

%

Pres §irsi ¢tendrkou obec je vSak ¢asopis Tunel predevs§im Caso-
pisem, ktery slouzi &lenim Ceského tuneldiského komitétu
a Slovenské tuneldiské asociace ITA/AITES. M4 jim prindSet
informace, poznatky a zkuSenosti z oboru podzemniho stavitelstvi.
Také jim ma ovSem umoZnovat prezentaci jejich aktivit v tomto
oboru a tim §ifit povédomi o pfislusné firmé ¢i organizaci.

BohuZel ne v§ichni ¢lenové CTuK nebo STA tuto moZnost vyu-
Zivaji. R4d bych je na zaéatku roku 2008 pfimél k zafazeni publi-
kaéni ¢innosti nebo uverejnéni inzerdtu v Casopise Tunel do planu
jejich aktivit na rok 2008 i na roky dalsi. Stejnd vyzva plati samo-
zfejmé pro vSechny Ctendre, ¢leny narodnich komitéta ITA/AITES
a zahrani¢n{ firmy pusobici v tunelovém stavitelstvi.

Jednim z vydavatelskych zdméru v tomto roce je zahdjeni pro-
vadéni recenznich posudku na vSechny ¢&ldnky uvefejiiované
v Casopise Tunel, a to od ¢isla 2/2008. Redakéni rada si od toho sli-
buje dalsi zvySeni kvality obsahu i prestiZze Casopisu.

Pokud jde o &islo 1/2008, chtél bych upozornit, Ze v ném nej-
veétsi Ceska firma z hlediska objemu praci v podzemnim stavitel-
stvi, Metrostav a. s., informuje nejprve o dokon¢ovdni trasy IVC2
prazského metra, kterd bude uvedena do provozu v kvétnu
t. r. Dalsi ¢ldnek je vénovén razbé tuneld pod Vltavou a pod
Krilovskou oborou na nejvétsi sou¢asné podzemni stavbé v Ceské
republice — tunelovém komplexu Blanka, ktery je soucdsti praz-
ského méstského okruhu. O stavbé pravé tunelové trouby déalni¢ni-
ho tunelu Lucice, kterou Metrostav a. s. stavi v Chorvatsku
v geotechnickych podminkdch zahrnujicich krasové jevy, napsal
¢lanek Ing. Miloslav Zelenka.

O vyzkumu starnuti podzemnich staveb s vyuZitim monitorova-
cich a mikroméficich systému, kde jsou zkoumédny moZnosti
spolehlivé indikace technického stavu soucdsti dynamicky zatéZo-
vanych stavebnich konstrukei, pojednava ¢lanek Sledovani tunelo-
vého osténi prazského metra pro hodnoceni jeho technického
stavu.

DulezZité téma bezpecnosti provozu v silni¢nich tunelech je obsa-
Zeno v Cldnku prof. Pavla Pribyla, CSc., a Ing. Milana Kostila,
Ph.D. O vystavbé metra v Madridu podrobné informuje
doc. Dr. Ing. Jan Pruska, zatimco pfipravované tunelové stavby na
Zelezni¢nf trati mezi BeneSovem a Voticemi ve svém c¢lanku popi-
suji Ing. Gramblicka, Ing. Mdra a Ing. Marik.

KdyZ se jesté podivéte na pravidelné rubriky Casopisu, predpo-
kldddm, Ze shleddte obsah Cisla dostate¢né zajimavym
a ruznorodym.

A nezapomente — Casopis Tunel je tu pro vas! Proto jej nejen
Ctete, ale také do néj piste a v ném inzerujte!

ING. MILOSLAV NOVOTNY,
vedouci redaktor a sekretdi CTuK ITA/AITES

Tufel

EDITORIAL

Dear readers of Tunel magazine!

To cope with the task to write an editorial for the first issue of the new
(already seventeenth) volume of Tunel magazine, the author is tempted to
review the previous results and announce publisher’s objectives for 2008,
particularly when the author is the editor-in-chief of the magazine.

As far as the review is concerned, it is possible to conclude that the
magazine has increased its quality level in recent years, both in terms of the
image, where the change was performed by the publication of issue 1/2005,
and the quality and extent of its content. The increased interest can also be
documented by the increased number of new subscribers, while the exten-
ded content proves the increased interest of authors in publishing in the
magazine. Let me note that the number of the magazine pages, which was
64 in the past, has amounted to an average of about 80 during the recent two
years. You must have even noticed the editorial board’s efforts to provide
either original papers by foreign authors or some exceptionally interesting
papers borrowed from foreign magazines.

Nevertheless, despite the interest of the wider readership, Tunel magazi-
ne serves first of all members of the ITA/AITES Czech Tunnelling
Committee and the Slovak Tunnelling Association. Its aim is to provide
information, know-how and experience from the field of underground engi-
neering. In addition, it is intended to allow the readers to present their acti-
vities in this field, thus to promote awareness of particular companies or
organisations.

Unfortunately, not all of the CTuC or STA members use this opportuni-
ty. I would be happy if I could coax them, at the beginning of 2008, into
incorporating their publishing activities or the placement of an advertise-
ment in Tunel in their activity plans for 2008 and following years. Of cour-
se, the same appeal applies to all readers, members of the ITA/AITES nati-
onal committees and foreign companies involved in underground enginee-
ring businesses.

One of the Tunel publisher’s objectives for 2008 is to start to obtain
reviews of all papers published in Tunel, with the first review to be presen-
ted in the issue 2/2008. The editorial board believes that this innovation will
yield further improvement of the quality of the content and enhancement of
the prestige of the magazine.

Regarding the magazine issue 1/2008, let me draw your attention to the
fact that it contains three papers submitted by Metrostav a.s., which is the
largest Czech company in terms of the quantity of underground constructi-
on work. The first paper informs about the finishing of the work on the Line
IVC2 of the Prague Metro, where the commencement of the commercial
service is planned for May 2008, whereas the next paper is dedicated to the
driving of tunnels under the Vltava River and Krédlovskd Obora (Royal Deer
Park) in Prague, which are parts of the Blanka complex of tunnels, which
is currently the largest underground construction project in the Czech
Republic (a segment of the Prague City Circle Road). The third paper was
written by Ing. Miroslav Zelenka. It deals with the construction of the right
tube of the Lucice motorway tunnel, which is being carried out by
Metrostav a.s. in Croatia, in geology rich in karst phenomena.

A survey into the ageing of underground structures, investigating possi-
bilities of reliable indication of the technical condition of components of
dynamically loaded building structures by means of monitoring and micro-
electromechanical measurement systems, is the topic of the paper
‘Monitoring of Prague metro tunnel lining for the purpose of assessing its
technical condition’.

An important topic, safety in road tunnels, is dealt with in an article by
Prof. Pavel Pfibyl, CSc. and Ing. Milan Ko§til, Ph.D. Detailed information
on the development of the Madrid Metro is provided by Dr. Ing. Jan Pruska,
whereas the tunnel constructions planned for the railway line between
BeneSov and Votice are described in a paper by Ing. Gramblicka, Ing. Mdra
and Ing. Marik.

I believe that if you, in addition, look at the content of the regular
columns in the magazine, you will find the content to be sufficiently inter-
esting and chequered.

Remember, Tunel magazine is here for your use - not only for reading,
but also for your writing and advertising!

ING. MILOSLAV NOVOTNY,
Editor-in- Chief and Secretary of the ITA/AITES CTuC
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VAZENI CTENARI, DEAR READERS,

Casopis TUNEL, ktery prdvé dostdvite do ruky, obsahuje mate- The issue of TUNEL which you have just received contains papers on
ridly o nékolika stavbach, kde pracuje Metrostav a. s. At jde several construction projects which are being implemented by Metrostav
o pravé kongici stavby trasy IVC2 praZského metra a tunelu  as.All of them (i.e. the currently finishing projects of the IV.C2 extensi-
Luéica v Chorvatsku, probihajici razby na Islandu nebo zalinaji- on of the Prague metro and the Lucica tunnel in Croatia, the ongoing
ci stavbu tuneld Blanka v Praze, jde vzdy o projekty, které repre- excavation of tunnels in Iceland or the Blanka complex of tunnels in
zentuji trovei &eského podzemniho stavitelstvi v celé jeho pest- Prague, where the work has recently sFarted) represent the level of Czpch
ré $kdle. Myslim, a lofisky praZsky kongres to prokézal velice un@erground construction throughqut its chequered range. In my opinion,
diirazné, Ze Cesky podil na otevirdni jednoho z poslednich vol- which was very convincingly conﬁrmed by the last yegr_s_Wor]d Tunnel
nych prostorli — podzemi — je diistojny a Ze v tomto oboru jsme Congress in Prague, the Czech contribution to the activities focused on

Py the opening of one of last free spaces, the underground, has been respec-

v predni ¢dsti svétového pelotonu. . . .
pre¢ - . perove PP ~  table and our republic belongs among the countries found at the cutting
Nejde pritom jen o ohlédnuti na dosud provedené prace, tiroven edge of this field

a povést oboru v té které zemi ovliviiuje i jeho perspektiva, oCe- - . . . I
,p P < .y " vos « J, . PEIsp - The work which has been carried out till now is not the only criterion
kdvani, které vyvoldava u verejnosti, a feSeni tkolu, které jsou mu .
for the assessment of the level and reputation of the underground con-

nabizeny. o . .
Pré fedevii d ¢ inf Ktuk .. . struction industry in a particular country. There are even other aspects,
race, predevsim v dopravnl in rastru ture,. zreyme NeJSou ¢,ch as the prospects, expectations evoked in the public and the ability to
ohranieny ni¢fm jinym neZ naSimi schopnostmi. Nemyslim tim accomplish the tasks assigned to the industry
J:en dnes se rosii’ci Pr?jelft 2e1ve%niéniho Eune}u Prah'a—],Seroun, al.e There are probably no other limits to our work, first of all the work
1 postupne smerovani stile Vetsfh(z mnozstvi kavpac’ltnl aUt(mebl' related to the field of transport-related infrastructure, than those imposed
lové c}opr.avy pod zem. ]:Efekt,/ktery prinesla prazs/ker}nu Smichovu by our capabilities. I do not mean only the Prague — Beroun railway tun-
pouhy kllomf:tr fﬂOUhav Mr?,iZOVlffi, a daleko,sahvl.e dopady do  pe| project, which is currpntly belr‘lg preparefi, bpt also the gradual incre-
dopravy v nckolika méstskych Castech, které prinesou tunely ase in the volume of vehicular traffic which is directed underground. The
Blanka, jsou a budou ldkavym prikladem pro reSeni stéile se zvy-  effect on the Prague district of Smichov which was produced by the only
Sujicich méstskych problémi s automobilem. JestliZze dnes se ndim  one kilometre long Mrézovka tunnel, as well as the extensive changes in
zd4, Ze obdobnd feSeni jsou moznd pouze ve velkych aglomera-  the traffic in several districts of Prague which will result from the con-
cich, jako jsou Praha ¢i Brno, tak zitra se bude jednat o dalS§i struction of the Blanka tunnels, are and will become tempting examples
meésta a obce, které nezbytné ke svému rozvoji budou potiebovat  of solutions to the ever growing problems of motor vehicles in cities. If it
feSeni podobnd, a to nejen pro odvedeni tranzitni dopravy, ale  seems to us today that similar solutions are applicable only to big cities,
k feSeni vnitfnich dopravnich problému. such as Prague or Brno, we will see tomorrow that there will be other
Na tyto tikoly musi byt eské stavebnictvi pfipraveno vytvofit —towns and municipalities where similar solutions will be necessary for
kapacity finan&ni, technické i lidské. Zatimco kapacity finanéni  their developrpeqt — not only to divert transit transportation routes but
vytvéfi slibny ekonomicky rist stitu a kapacity technické jsou  also to deal with internal traffic problems. o
rychle dosazitelné, tak kapacity lidskych zdroji jsou omezené Thr:: Czech construction industry must bg prepared to develop financial,
a jejich doplnéni a nezbytné nutné posilovani je v soucasnosti tecﬁnce}lll ‘}Pd hgnllan resources which Wlul be adequate tohthese tasks.
velice obtiZzné. Piistupu nové krve do naseho oboru brani konku-  'Vhile the mam;]a fretslources arilbflmg dﬁv_e olped owing to the prorr;)ls1_ng
rence objektivné leh&ich moznosti ziskani vzdélani v jinych, pre- ~ CONOMIC growth of the state and the technical sources are easy to obtaim,
< A - PR human resources are limited and hard to replenish and increase, which is
devSim humanitdrnich, oborech, zrovna tak jako ndro¢nost .. . .
< - My p < today critical for us. The efforts to bring some new blood to our industry
a odpovédnost, kterd na absolventy ¢ekd po ndstupu na nase stav- o : L . ..
o v . . e are hampered due to the competition with objectively easier opportunities
by ¢i do nasich projektovych pracovist. . L - . 2 ]
Metrost byl vidy ved toho. 7e lidské zdroie i to receive education in other fields, mainly humanitarian, as well as the
li Jetros avfai(s. s1 byl vzdy vedom tol Oilzi, laske z ;Oje _]solu exactingness and responsibilities which the graduates will have to cope
.1m1tuJ101m a }orem rozvoje nejen vsec . rem v oboru, ale i when they enter our construction sites or project management teams.
i oboru samotného. Proto vénoval a i v soucasnosti vénuje kvali-

et ) RS LT . o Metrostav a.s. has always been aware of the fact that human resources
t¢ lidského potencidlu nemalé sili. V soucasné dobé se snazime ., imiting factor not only for all companies within the industry but also
zvysit zdjem nové generace o studium technickych vysokych kol for the industry itself. For that reason, it has paid significant attention to
a spolupracujeme se studenty jiZ od niz3ich ro¢nikd, nabizime jim e quality of man power. Currently we are trying to increase the interest
uplatnéni ve spoleCnosti béhem studia a ndsledné zaméstndni.  of the new generation in studies at technical universities by means of col-
Loni jsme zahdjili dzkou spoluprdci s CVUT Praha na Jaboration with students, starting from third-year undergraduates, offering
Podzemnim vyukovém stredisku Josef, kde poprvé budou mit stu-  them personal fulfilment in our company during the studies and employ-
denti podzemniho stavitelstvi moZznost podzemi nejen vidét, ale  ment after graduation. Last year, we developed close collaboration with
také v ném pracovat. Nebudou se tak opakovat situace, kdy absol-  the Czech Technical University in Prague, at the Josef Underground
vent se dostane do razeného objektu az ve chvili, kdy md prace Training Centre, where, for the first time, underground engineering stu-
v tomto prostredi fidit a za né odpovidat. V neposledni fadé je  dents will be given the opportunity not only to see the underground but
nutno zminit, 7e¢ jsme zaCali masivné podporovat i Skolstvi also to work there. Thus the situations where a graduate gets to a mined
u¢fovské a nasim cilem je ziskdvat tak ro¢né alespon sto kvalifi- construction site as late as the moment when he or she is expected to con-
kovanych délnikii na nase stavby. trol the work in this environment and be accountable for it will be avoided.

Pé&e o rozvoj lidskych kapacit se, vaZeni Ctendfi, stavé stale At last but certainly not least, I must mention the fact that we have started
naléhav&jii predeviim v tak specializovaném oboru, jakym pod- [0 support even vocational schools, with the aim of attracting annually at
zemnf stavitelstvi nesporné je. ZaleZ{ pouze na nds, jak si svoji least a hundred of qualified workers for our construction sites.
budoucnost pfipravime. Méli bychom si jiz dnes uvédomit, Ze Dear readers, the care of the development of human resources has

dal3f rozvoj naseho oboru zdleZi predeviim na nds samych, na become very acute, above all for such a specialised industry'as underg-
tom, jak se pfipravime na pisti vyzvy na nas kla- round construction. We are the only ones to be held responsible for the

dené a na tom, jaké néstupce si vychovdme. preparation of our future. We should realise now that the

further development of our industry depends, first of all,
on us, how we will gear up for future challenges thrown
down to us and what the level of the preparation of our
successors will be.

ING. JIRI BELOHLAV

generalni feditel Metrostav a.s.
CEO Metrostav a.s.
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VYSTAVBA SILNICNIHO TUNELOVEHO KOMPLEXU BLANKA
V PRAZE STAVBA 0079 - TUNEL MEZI SPEJCHAREM
A PELC-TYROLKOU

DEVELOPMENT OF BLANKA ROAD TUNNEL COMPLEX
IN PRAGUE CONSTRUCTION LOT 0079 - TUNNEL BETWEEN
SPEJCHAR AND PELC-TYROLKA

JAN KVAS, RADOVAN CHMELAR

uvoD

Silni¢ni tunelovy komplex Blanka bude tvofit velmi duleZitou
a potebnou soucdst Méstského okruhu v Praze, ktery spole¢né s Prazskym
okruhem a spojnicovymi radidlami bude tvofit uceleny systém dopravniho
feSeni hlavniho mésta Prahy. Rozsdhld liniovd stavba nazvand Blanka je
budovéna v rdmci vystavby severozdpadni ¢dsti Méstského okruhu. Jeji
celkovd délka Cinf 6,382 km. Tato dopravn{ stavba dopln{ jiZ provozova-
nou ¢ast okruhu délky 17 km s tunely Zlichovskym, Mrazovkou
a Strahovskym. Po zprovoznéni celé stavby, které je predpoklddano v roce
2011, bude tunel mezi Spejcharem a Pelc-Tyrolkou nejdel$im razenym
tunelem v, Ceské republice.

Tunel Spejchar — Pele-Tyrolka (SPELC) lze oznadit téZ jako ,tunel
Krélovskd obora“. Jednd se o tsek dvou jednosmérnych tunelovych trub
od kiizovatky U Vorliki na Letné, které zacinaji kritkym hloubenym
a pokraCuji razenym tsekem vedoucim pod letenskou zéstavbou, ptirod-
nim parkem Stromovkou (neboli Krilovskou oborou), pod plavebnim
kandlem, Cisafskym ostrovem i vlastnim fe¢is§tém Vltavy. Na trojsky por-
tal tunelovych trub navazuji jest¢ hloubené tunely. Celkova délka trasy
tunelt je 3,09 km, z toho je raZenych 2,230 km. Délkou bude piekonan d4l-
ni¢ni tunel Panenské v severnich Cechdch (na hranici se SRN), ktery je
zatim nejdel§im souvislym raZenym tunelem na tzemi CR.

ZAKLADNI POPIS TUNELU

Razend &dst tunelu Spejchar — Pelc-Tyrolka je Glenéna na dvoupruho-
vé a tifpruhové dseky v kazdém sméru. Pocet jizdnich pruhu odpovida

INTRODUCTION

The Blanka road tunnel complex is a very important and necessary part of
the City Circle Road (an inner circle) in Prague, which will, together with the
Prague City Ring Road (an outer circle) and a system of radial roads, form
an integrated system of the transportation solution for the City of Prague. The
extensive linear construction project Blanka is being implemented within the
framework of the development of the north-western part of the City Circle
Road. The overall length amounts to 6.382km. This transport-related con-
struction will be added to the already operating, 17km long part of the Circle
Road containing the Zlichov, Mrdzovka and Strahov tunnels. When the whole
project is completed and opened to traffic, which is expected to happen in
2011, the tunnel between Spejchar and Pele-Tyrolka will become the longest
tunnel in the Czech Republic and one of the longest urban tunnels in Europe.

The Spejchar — Pelc-Tyrolka (SPELC) tunnel can be also called “the
Kralovskd Obora tunnel”. It is the section consisting of two unidirectional
tunnel tubes starting from the U Vorlikd intersection in Letnd, which have
a short cut-and-cover part at the beginning and continue in the form of mined
tunnels under existing buildings in Letnd, the natural park of Stromovka (or
Krdlovskd Obora), a shipping canal, Cisasky Ostrov island and the bottom
of the Vltava River itself in the Troja district. There is a cut-and-cover tunnel
section connecting to the Troja portal of the mined section. The aggregate
length of the tunnel route is 3.09km; of this length, the mined tunnel takes
2230m. In terms of the length, the Panenskd tunnel in Northern Bohemia (on
the border with the FRG), which is currently the longest continuous mined
tunnel in the Czech Republic, will be topped by SPELC.

razené tunely
hloubené tunely

Obr. 1 Celkovi situace pldnovanych komunikaci s tunelem SPELC (SATRA spol. s r. 0.)

Fig. 1 Overview of planned roads and the SPELC tunnel (SATRA spol. s r. 0.)
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Obr. 2 Podélny Fez tunelem SPELC s vyznacenim geologickych vrstev
Fig. 2 SPELC tunnel — a longitudinal section showing geological layers

pldnované intenzité dopravy, podélnému sklonu trasy a je uzpusoben
napojeni ramp mimotroviiovych kfiZovatek propojujicich okruh
s povrchovou dopravni siti. Dvoupruhové dseky tunelu jsou navrZeny
v tseku z Troje smérem na Letnou v délkdach 1649 m v severni tunelové
troubé a 1791 m v jizni tunelové troube. Zbyvajici tseky v severni
(582 m) a v jizni tunelové troub¢ (433 m) budou vyrazeny jako tunely tii-
pruhové. Pii¢ny prafez vyrubu dvoupruhového tunelu je 123,7 m2
a tifpruhového 172,6 m2. 5

Pii vystavbé razenych tuneld Spejchar — Pelc-Tyrolka se ocekdva
nékolik kritickych mist. Prvnim obtiZnym tsekem razby od trojské stra-
ny je podchod feky Vltavy dvéma raZenymi tunelovymi tubusy. Jde
o historicky v poradi jiz ¢tvrtou dopravni tunelovou trasu vyraZenou
v Praze pod korytem feky Vltavy. Souasnd razba méstskych tunelt
nasleduje za vystavbou tratovych tuneld nékolika tras prazského metra.
V tomto piipadé je vSak dosaZzeno nejvétistho vyrubniho prifezu
(1237 m?) pfi minimédlnim nadloZ{ pode dnem Vltavy 14,5 m.

Druhym a pravdépodobné nejobtiznéj$im tsekem razby tunelli je oblast
byvalé Slechtovy restaurace ve Stromovce. Jedna se o tdsek délky cca 160 m
od udpati svahu Letné do Stromovky. Tunelové trouby zde prochdzeji misty
s minimélnim skalnim nadloZim (cca 1,5 m), nad kterym jsou jiz zvodnélé
Stérky tddolni terasy Vltavy. Razba zde bude provddéna v obtiznych geo-
technickych podminkdch. Predpoklddd se vyskyt mékkych a misty tektonic-
ky porusenych jilovitych libeniskych a dobrotivskych bridlic spolu
s rozpukanymi fevnickymi kfemenci se silnymi pfitoky podzemni vody.
Z téchto duvodu je v tomto tseku je$té pred raZbou vlastnich tuneld prova-
déna tryskovd a tlakova sanacni injektaz.

Tretim obtiZznym dsekem razby je vystavba sloZitého komplexu raZe-
nych podzemnich technologickych objektu pod obytnou zdstavbou na
Letné. Vzduchotechnické objekty byly navrZeny pro zajisténi pozarniho
a provozniho vétrani prevdzné Casti raZenych tunelt tseku Kralovskd
obora. Jednd se o strojovnu vzduchotechniky, propojovaci, privodni
a odvodni vzduchotechnické kandly a Sachty. Nejvétsim objektem tohoto
technologického komplexu je strojovna vzduchotechniky, kterd je umiste-
na paralelné s trasou tuneli. Plocha vyrubu strojovny vzduchotechniky
¢inf témér 300 m2, jeji délka je 125 m pfi vySce skalniho nadloZi cca 25 m.
Do objektu strojovny vzduchotechniky jsou zadstény privodni a odvodni
vzduchotechnické kandly. Tento slozity podzemni uzel zde byl navrZzen
s ohledem na predpoklddané priznivé geologické podminky reprezento-
vané prevazné pevnymi pisCitymi bridlicemi letenského souvrstvi.

GEOLOGICKE A HYDROLOGICKE POMERY

Skalni podloZi, ve kterém se razi cely tunel Spejchar — Pelc-Tyrolka,
tvoif ordovické sedimentdrni horniny néleZejici do klasického geolo-
gického ttvaru Barrandiénu. Jednd se vesmes o pisCité ¢i jilovité brid-
lice a jemnozrnné kiemence (popfipadé kiemenné piskovce). Pii razbé
bude postupné zastiZzeno souvrstvi dobrotivské, liberiské a souvrstvi
letenské. Pro technické potfeby je vyhodnéjsi hodnoceni litologické.
Nezdvisle na stratigrafickém zafazeni muZeme vy¢lenit skupiny hor-
nin s podobnymi podminkami vzniku a tedy i s obdobnym petrogra-
fickym sloZenim. Jde o tyto litologické typy:

e pis¢ité bridlice s ojedinélymi lavicemi jemnozrnnych kiemencu

a kfemennych piskovel — souvrstvi dobrotivské,

BASIC DESCRIPTION OF THE TUNNELS

The mined part of the Spejchar — Pelc-Tyrolka tunnel consists of doub-
le-lane and triple-lane sections in each direction. The number of traffic
lanes corresponds to the planned traffic volume, longitudinal gradient of
the route, and is adjusted to the connections of ramps of the grade-separa-
ted intersections which link the Circle Road with the surface traffic net-
work. The design requires the double-lane sections of the tunnels to be in
the section from Troja towards Letnd, at the lengths of 1649m and 1791m
in the northern tube and southern tube respectively. The remaining secti-
ons in the northern mined tunnel tube (582m long) and southern tube
(433m) will be of a three-lane type. The excavated cross sectional areas of
the double-lane and triple-lane tunnel tubes is 123.7 m2 and 172.6 m? res-
pectively.

There are several locations which are expected to be critical during the
course of the construction of the Spejchar — Pelc-Tyrolka mined tunnels.
The first difficult section of the excavation from the Troja side is the pas-
sage of the two mined tunnel tubes under the Vltava River. This tunnel
route is already the fourth transportation route in Prague passing under the
Vltava riverbed. The current excavation of the urban tunnels follows after
the construction of running tunnels of several lines of the Prague Metro.
In this particular case, the excavated cross sectional area of 123.7m? is the
largest of all, with the minimum overburden height of 14.5m under the
Vltava bottom.

The second, probably most difficult section of the tunnel route is the
area of the former Slechta’s restaurant in Stromovka Park. It is a 160m
long section, leading from the foot of the Letnd slope to Stromovka Park.
The tunnel tubes pass through locations with a minimum rock cover
(about 1.5m), which is overlain only by water bearing layers of gravel, for-
ming a Vltava flood-plain terrace. The geotechnical conditions will be dif-
ficult for the excavation in this section. It is expected that it will consist of
weak to locally tectonically faulted Libefi and Dobrotivy clayey shales,
together with broken Revnice quartzites with intense inflows of ground
water. For the above reasons, the ground conditions are improved in this
section, in advance of the tunnel excavation, by means of jet grouting and
pressure grouting.

The third difficult section of the excavation is the construction of
a complex system of mined underground structures for equipment and ser-
vice purposes under existing buildings in Letnd. Ventilation-purpose struc-
tures will provide fire ventilation and operating ventilation for the major
part of mined tunnels in the Krdlovskd Obora section. They consist of
a ventilation plant cavern, connecting, intake and outlet ducts and shafts.
The largest structure of this system is the ventilation plant cavern, which
is positioned in parallel with the tunnel route. The excavated cross sectio-
nal area and length of the ventilation plant cavern are nearly 300 m2 and
125m respectively; the rock cover is about 25m thick. The intake and
outlet ventilation ducts are linked to the ventilation plant cavern. This
complex underground node was designed to be developed in the given
location with respect to the anticipated existence of favourable geological
conditions, which are mainly represented by strong sandy shales of the
Letnd Member.
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e kifemenné piskovce az jemnozrnné kiemence s vlozkami piscitych
a jilovitych bridlic — skalecké kfemence — souvrstvi dobrotivské,

« jilovité az prachovitojilovité bridlice — souvrstvi dobrotivské,

e kifemenné piskovce a7 jemnozrnné kiemence s vlozkami jilovitych

bridlic — fevnické kfemence — souvrstvi libenské,

« jilovité az prachovitojilovité bridlice — souvrstvi libenské,

* pis¢ité bridlice s vloZkami jemnozrnnych kifemencu &i pouze piscité

bridlice — souvrstvi letenské.

Horninovy masiv skalniho podlozi byl v geologické minulosti nejpr-
ve varisky zvrdsnén a nésledné pak rozldman podél zlomovych linii.
Kvartérni pokryvné ttvary tvori v oblasti Letné predevsim letenska tera-
sa, eolické sedimenty a navdzky. V oblasti Stromovky, Cisarského ost-
rova a Troje pokryvné tdtvary tvoii §térkovité terasové sedimenty tdoln{
(maninské) terasy a hlinité holocenni ndplavy.

Podzemni voda v oblasti tunell je vézédna jednak na prostiedi
s pralinovou propustnosti — pokryvné tdtvary (predevsim pak terasové
sedimenty Vltavy), a jednak na prostredi s puklinovou propustnosti —
ordovické horniny skalntho podloZi. Vyrazné zvodnélé jsou sedimenty
tdolni (maninské) terasy na obou strandch Vltavy. Jak na trojské strané,
tak i v celé Stromovce az po upati Letné.

VYSTAVBA TUNELU

Razba tunelt a budovéni primarniho osténi se provadi podle zdsad
Nové rakouské tunelovaci metody (NRTM). Konstrukéni feSeni osténi
a technologie razby jsou navrzeny podle technologickych tiid (TT)
NRTM, které zohlednuji kvalitu horniny, velikost vyrubu a z toho vyply-
vajici predpovédi chovani nosného systému primdrniho osténi. Zatridéni
do jednotlivych technologickych tfid je provddéno jednak na zdkladé
tuneldrské klasifikace QTS, kterd byla vytvorena pro prazské prostredi,
a jednak na zdkladé vysledku geotechnického monitoringu. Toto zatfi-
dovéan{ horninového masivu provadi nezavisld organizace jako jednu
z Cinnosti komplexniho geomonitoringu celé stavby. Predpoklddéd se
zastiZeni technologickych tfid NRTM 3,4, 5a s délkou zdbéru od 0,8 do
2,25 m. Pro tseky raZeb, kde existuji nadfazené priority (napr. bezpec-
nost razby pod vodnim tokem) byly technologické tfidy modifikovény.

Obr. 4 Letecky pohled na portdly STT a JTT ve stavebni jame Troja
Fig.4 NTT and STT portals in the construction trench in Troja — an aerial view
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Obr. 3 PFi¢ny Fez v tiseku tripruhového tunelu SPELC (SATRA spol. s r. 0.)
Fig. 3 SPELC tunnel — a cross section of the three-lane tunnel structure
(SATRA spol. s r. 0.)

GEOLOGICAL AND HYDROLOGICAL CONDITIONS

The bedrock through which the whole Spejchar — Pelc-Tyrolka tunnel is
driven consists of Ordovician sedimentary rocks of the classical geologi-
cal formation of Barrandian. It is mostly a mixture of sandy or clayey sha-
les and finely grained quartzites (or quartzose sandstones). The excavati-
on will, step by step, encounter the Dobrotiv, Liben and Letnd Members.
A lithological assessment of the ground conditions is more suitable for
technical purposes. Independently of the stratigraphic classification, we
can identify rock groups which originated in similar conditions and, the-
refore, even their petrographic composition is similar. The following lit-
hological types are in question:

e sandy shales with sporadic banks of finely grained quartzites and

quartzose sandstones — the Dobrotiv Member

e quartzose sandstones to finely grained quartzites with interlayers of

sandy shales and clayey shales — the Skalec Quartzite — the Dobrotiv
Member

* clayey to silty-clayey shales — the Dobrotiv Member

* quartzose sandstones to finely grained quartzites with interlayers of

clayey shale — the Revnice Quartzites — the Libet Member

* clayey to silty-clayey shales — the Liberi Member

* sandy shales with interlayers of finely grained quartzites or only sandy

shales — the Letnd Member.

In the geological history, the rock mass forming the bedrock was first
folded during the Variscan orogeny, subsequently it was broken along fault
lines. Quaternary superficial deposits form, in the Letnd area, mainly the
Letna terrace, acolian sediments and man-made ground. In the areas of
Stromovka Park, Cisafsky Ostrov island and Troja, the superficial deposits
form gravelly terrace sediments of the flood-plain (Maniny) terrace and
loamy Holocene alluviums.

Ground water in the area of the tunnels is bound either to bodies exhibi-
ting intrinsic permeability — the covering bodies (above all the Vltava River
terrace sediments) or to bodies with fissure permeability — the Ordovician
rock in the bedrock. The sediments forming the flood-plain (Maniny) ter-
race on both sides of the Vltava are significantly saturated, both on the
Troja side and in Stromovka Park, up to the base of the Letnd slope.

TUNNEL CONSTRUCTION

The tunnel excavation and construction of the primary lining is carried
out in accordance with the NATM principles. The structure of the lining
and the excavation technique were designed according to NATM excava-
tion support classes, which were determined with respect to the rock qua-
lity, the dimensions of the excavated opening and the prediction about the
behaviour of the primary lining support system following from the quali-
ty and dimensions. The determination of individual excavation support
classes is carried out on the basis of both the QTS tunnelling classificati-
on, which was developed for the Prague environment, and the results of
geotechnical monitoring. The rock mass classification is performed by an




Obr. 5 Osazovdni siti a ramu Bretex v kaloté STT
Fig. 5 Installation of steel mesh and Bretex lattice girders in the NTT top heading

Pod fekou Vltavou byla volena modifikovana technologickd tiida 3H,
pro priportélové tseky v Troji byla volena tiida NRTM 5a s uzavienou
spodni klenbou.

Razicské prace byly zahdjeny na severni tunelové troubé (STT) 9. Cer-
vence 2007 uloZzenim sosky sv. Barbory do portdlu tunelu na trojské stra-
né. Razba jizni tunelové trouby (JTT) byla dle pldnu zahdjena
s mésiénim odstupem za STT. Vy$§im dodavatelem stavby tunelu
SPELC je Metrostav a. s. Severni tunelovou troubu razi Metrostav —
divize 5, zatimco vystavbu JTT zahdjila spolecnost Subterra.

Vlastni razba probihd s pomoci standardnich strojnich sestav
s uplatnénim kombinace strojniho rozpojovani horniny na ¢elbé tunelo-
vym bagrem a pouZitim trhacich praci. Tunel Spejchar — Pelc-Tyrolka je
v soucasné dobé razen z portdlu Troja dvéma strojnimi sestavami
a jednou nekompletni, kterd je sloZena z kli¢ovych zdloZnich mechanis-
mu. PouZitou strojni sestavu zde tvori:

e vrtaci vuz Atlas Copco L2C total — pro vrtné price (vrtdni Celby

a otvoru pro svorniky)

e razici stroj — tunelbagr Liebherr R934 — rozpojovani a nakladan{

rubaniny

* kolovy naklada¢ Volvo 180 S, 120E — pro nakladku rubaniny

e manipuldtor s Cerpadlem Meyco Potenza pro aplikaci stifkaného

betonu

* dulnf pracovni plosiny Atlas Copco DC16/HL

 dampry Volvo A 25 4x4 a 6x6 — pro odvoz rubaniny

Vyrub dvoupruhového tunelu je ¢lenén horizontdlné na kalotu, opéri
a dno. Ve vytipovanych dsecich obou tunelovych trub je z divodu mini-
malizace seddni povrchu navrZeno svislé ¢lenéni celého vyrubu tunelu ¢i
kombinace svislého ¢lenéni kaloty a horizontdlniho pobirdni opéii a dna
tunelu. Vyrub je zajistovan primdrnim osténim ze stiikaného betonu tfidy
C 20/25 s proménlivou tloustkou od 250 mm do 300 mm (v zavislosti na
technologické tfidé NRTM), vyztuzenym prihradovymi rdmy Bretex
z betondrské oceli, dvéma ocelovymi sit¢tmi 150/150/6,3 mm
a hydraulicky upinanymi svorniky Wibolt EXP 120 délky 4 m
v dvoupruhovém tunelu a 6 m v tiipruhovém tunelu nebo po délce nou-
zového zalivu. Pocty svorniku se 1isi podle zastizené technologické tiidy
NRTM od 5 do 12 kust na 1 zdbér. V celé délce tunelu se predpoklada
ndstiik mokré betonové smési. Pouze pro tsek prachodu pod Vitavou byla
pripravena varianta pouZiti stifkdni suché betonové smési z davodu snaz-
$tho zastaveni ofekévanych pritoki vody do dila. Tuto variantu nebylo
tieba u prvni tunelové trouby vyuzit. Usek byl proveden standardnim zpti-
sobem s upravenou recepturou betonové smési pro mokré stikani.

Na zédkladé zkuSenosti z pruchodu severni tunelové trouby (STT) dse-
kem pod korytem Vltavy lze konstatovat, 7e predstihové sanacni
a tésnici prace realizované z pfedem vyraZené pruzkumné Stoly vyrazné
zmenSily zejména puklinovou propustnost ve skaleckych kfemencich.
Kontrola dspe$nosti sanacnich injektazi provedena pomoci presiome-
trickych zkouSek ve vrtech z pruzkumné Stoly potvrdila zvySen{ tuhosti
horninového masivu. Doslo k vypInéni rozevienych puklin horninového
masivu, coz mélo za ndsledek vyrazné sniZeni pritoki podzemni vody
do cela vyrubu.

Razba vlastnich tunelt je provddéna v mistech, kde je jiz predrazena
pruzkumnd $tola s napojenim do odvodnovaci jimky s Cerpaci Sachtou.
V prubéhu vystavby nastala komplikace s nutnosti projit razbou STT
v tésné blizkosti odvodnovaci jimky. Jimka byla zfizena jiZ pfi razbé
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independent organisation, as one of the activities of the comprehensive
geotechnical monitoring for the whole of the project. The NATM excava-
tion support classes 3, 4 and Sa are expected to be encountered, with the
round lengths ranging from 0.8m to 2.25m. The excavation support clas-
ses were modified for the tunnel excavation sections where other prioriti-
es exist (e.g. the safety of excavation under a riverbed). The modified
excavation support class 3H was selected for the passage under the Vltava
River, while the NATM class 5a with the profile closed by an invert was
chosen for the portal sections in Troja.

The tunnel excavation work started on 9th July 2007 on the northern
tunnel tube (NTT) by the installation of St. Barbara’s statuette into the tun-
nel portal on the Troja side. The excavation of the southern tunnel tube
(STT) started, in compliance with the plan, with a one-month delay after
the NTT. The main contractor for the SPELC tunnel construction is
Metrostav a.s. The northern tunnel tube is driven by Division 5 of
Metrostav a.s., while Subterra a.s., a sub-contractor, started the excavati-
on of the STT.

The tunnel excavation itself is performed using standard equipment
sets, combining mechanical rock disintegration at the face by a tunnel
excavator with the drill-and-blast technique. The Spejchar — Pelc-Tyrolka
tunnel is currently being driven from the Troja portal, using two complete
equipment sets and one incomplete set containing key standby machines.
The equipment set comprises:

e an Atlas Copco L2C Total drilling rig — for the drilling of holes for the

blasting and rock bolts

e a tunnelling machine — a Liebherr R934 tunnel excavator — rock disin-

tegration and loading of muck

* a Volvo 180 S, 120E wheeled loader — loading of muck

* a Meyco Potenza manipulator with a pump — application of shotcrete

¢ an Atlas Copco DC16/HL mine access platform

* Volvo A 25 4x4 and 6x6 dumpers — removal of muck.

The excavation of the double-lane tunnel is divided horizontally into
three sequences, i.e. a top heading, bench and invert. A vertical excavati-
on sequence or a combination of the vertical sequence in the top heading
and horizontal sequence covering the bench and invert excavation is
designed for selected sections of both tunnel tubes, with the aim of redu-
cing the surface settlement. The excavation support is provided by
a primary lining, which is provided by a 250mm to 300mm thick layer
(depending on the NATM class) of sprayed concrete of the C 20/25 grade,
Bretex lattice girders (produced using concrete reinforcement bars), two
layers of 150/150/6.3mm mesh and Wibolt EXP 120 friction bolts expan-
ded by pressurised water (4m long in the double-lane tunnel and 6m long
in the triple-lane tunnel or throughout the lengths of the lay-bys). The
numbers of rock bolts vary from 5 to 12 pieces per round, depending on
the excavation support class encountered. The shotcrete will be applied
using the wet process throughout the length of the tunnel, with the excep-
tion of the passage under the Vltava River for which the dry process was
prepared as a variant because it can easier stop water inflows to the exca-
vation. The use of this variant was not necessary during the excavation of
the first tunnel tube. The passage was carried out in the standard way, with
the formula for the wet process sprayed concrete adjusted.

We can state, on the basis of the experience gained during the passage
of the NTT under the Vltava riverbed, that the pre-excavation grouting and
sealing grouting which had been performed prior to the excavation from
within the exploration gallery significantly reduced the permeability, most
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Obr. 6 Pohled do STT po vyraZeni opéri tunelu
Fig. 6 View inside the NTT after the completion of the bench excavation
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Obr. 7 Odstavend mechanizace pri prdci na &elbé JTT
Fig. 7 Tunnelling equipment waiting for action at the STT excavation face

z obou raZenych tunelovych trub na povrch. PFitok do razenych dél se
pohybuje v dob€ sepsdni tohoto ¢lanku v rozmezi cca 70 — 100 1/s.
S ohledem na toto mnoZstvi nebylo mozné Cerpdni prerusit ani pfi pru-
chodu razby STT. Cerpaci potrubi muselo byt pfevedeno pres vyrub
STT za provozu.

Pfi nepretrzitém Ctyfsménném provozu byl zatim dosaZen pri razbé
kaloty maximalni vykon 147 m za mésic.

DEFINITIVNI OSTENI TUNELU

Razené tunely jsou navrZzeny jako dvouplastové. Primarn{ a definitivni
osténi i mezilehld izolace jsou uzaviené. Pro zajisténi vodotésnosti raze-
nych tunelt byl navrZen speciélni hydroizolaéni systém z PE izola¢ni
folie.

Definitivni osténi raZenych tunelt je navrzeno z monolitického Zelezo-
betonu jako uzaviené v celé délce tunelu SPELC s protiklenbou.
Dispozi¢né kazdd tunelovd trouba v pri¢ném fezu sestdva z dopravniho
prostoru nad vozovkou a pod nim umisténych pozarnich vzduchotechnic-
kych kandlu a instala¢nich kandlt pro rozvod inZenyrskych siti. Pfi beto-
nazi definitivniho osténi budou v soub¢hu se spodni klenbou budovany
i nékteré Casti vnitrnich konstrukci (deska a sténa nesouci vozovku). Do
betonové smési horni klenby budou priddvéna polypropylenové vldkna
slouzici jednak jako ochrana proti vzniku trhlinek od pocate¢niho smrsto-
vani betonu, jednak jako G¢inny prostiedek pro sniZeni vlivu poZiru na
destrukei povrchové plochy ¢i piipadné celé klenby definitivniho osténi.

ZAVER

K 1. 12. 2007 se kalota posunula v severni tunelové troubé jiz pod
bod tunelu, a tak z dpadni se razba zménila na razbu dovrchni. Razba
opefi v STT probih4 s odstupem od Celby kaloty 150 m. Razba jizniho
tunelu (JTT) se nachdzi k vySe uvedenému datu pod korytem Vltavy na
352 m od portdlu. Razba opéif je provadéna 200 m v odstupu od celby
kaloty. Vystavba tunelovych trub Spejchar — Pelc-Tyrolka dspésné zdo-
1dva prvni z problematickych tsek na své trase. Oproti predpokladim
byl dsek STT ve skaleckych kfemencich pod korytem Vltavy méné
zvodnély. Svou pozitivni roli zde nesporné sehrélo jak vyraZeni pru-
zkumné Stoly (predevsim jeji drenazni tcinek), tak i provedeni sanac-
nich injektazi. Rozsah celé stavby je mimoradny a srovnat jej lze pouze
s vystavbou prvniho provozniho useku prazského metra. Odpovida tomu
i délka pripravy stavby, mnoZstvi vyvolanych investic, pocty preloZek
inZenyrskych siti, organizace méstské hromadné dopravy, navazujici
autobusové dopravy, koordinace a organizace celé vystavby. V prubéhu
realizace, ale hlavné ve vysledném efektu, dojde k ovlivnéni dopravni-
ho Zivota prevdzné Casti hlavniho mésta a po dokonceni ke znaénému
zlepSeni Zivotniho prostfedi. Pfevedenim dopravy do podzemi bude
priznivé ovlivnéno i dzemi na hranicich historického centra Prahy,
zapsaného do seznamu kulturniho a historického dédictvi UNESCO.
Dokonceni a zprovoznéni severozdpadni ¢asti Méstského okruhu umoz-
ni po dlouhych desitkéch let znovu oteviit problematiku tzv. Severojizni
magistraly. Cilem bude adaptovat ji do nového pojeti historickych ¢asti
mésta, z nichZ by méla byt vylou¢ena veskerd tranzitni doprava.

ING. JAN KVAS, kvas@metrostav.cz, METROSTAYV a. s.,
RNDr. RADOVAN CHMELAR, Ph.D.,
radovan.chmelar@pudis.cz, PUDIS a. s.
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of all the fissure permeability of the Skalec Quartzite mass. A check on the
success of the pre-excavation grouting, which was performed by means of
pressuremeter tests in boreholes from the exploration gallery, confirmed
that the toughness of the rock mass increased. Open fissures in the rock
mass were filled and, as a result, ground water flows to the heading were
significantly reduced.

The excavation of the tunnels is carried out in locations where the
exploration gallery was driven beforehand and connected to a drainage
sump and a pumping shaft. A complication occurred during the course of
the construction when the NTT excavation had to pass in close vicinity of
the drainage sump. The sump had been built during the excavation of the
exploration gallery, at its lowest point. Water from both mined tunnels is
evacuated from the sump to the surface. The inflow to the mined spaces
varied between 70 and 110 I/s at the moment when this paper was being
written. With respect to this amount, the pumping could not be interrupted
during the passage of the NTT excavation past the sump. The pumping
pipeline had to be diverted to allow the crossing of the NTT excavation
without any interruption to the mining operations.

The maximum output which has been achieved during the continuous
4-shift operation is 147m per month.

FINAL TUNNEL LINING

The mined tunnels are of a two-shell design. The primary and final
linings and the intermediate waterproofing are closed systems. A special
waterproofing system using a PE membrane was designed for the mined
tunnels.

The design of the final lining of the mined tunnels is that of a cast-in-situ
reinforced concrete structure, closed by an invert throughout the length of
the SPELC tunnel. The cross section of each of the tunnel tubes contains
a traffic space above the road surface and fire ventilation ducts and utility
ducts below the road surface. Some parts of internal structures (the slab and
the wall carrying the roadway) will be built concurrently with the casting
of the inverted arch of the final lining. Polypropylene fibres will be added
to the concrete mixture used for the casting of the upper vault. The fibres
will prevent the cracking of concrete during the initial concrete shrinking
phase and will serve as an effective means of reducing the destructive effect
of a fire on the surface or even the entire vault of the final lining.

CONCLUSION

As of 1.12.2007, the top heading in the northern tunnel tube was found
under Cisarsky Ostrov island, at a distance of 550m from the portal. The
lowest point of the tunnel had been overcome, thus the downhill driving
changed to uphill. The bench excavation in the NTT proceeds at a distance
of 150m behind the top heading face. As of the above-mentioned date, the
excavation face of the southern tunnel tube (STT) was found under the
Vltava riverbed, 352m from the portal. The bench excavation follows at
a distance of 200m behind the top heading face. The construction of the
tunnel tubes between Spejchar and Pelc-Tyrolka is successfully passing
the first of the problematic sections of the route. Surprisingly, the Skalec
quartzites in the NTT section under the Vltava River were less saturated
than expected. Among other reasons, it was so, undoubtedly, owing to the
positive role of the excavation of the exploration gallery (mainly its drai-
nage effect) and the pre-excavation grouting. The extent of the whole pro-
ject is exceptional; it can be compared only to the construction of the first
operating section of the Prague underground railway. The duration of the
construction planning phase, the number of induced investment cases,
numbers of utility network diversions, difficulties in the organisation of
the urban mass transport and the linking bus traffic and the coordination
of all construction activities correspond to this extent. The traffic in the
major part of the capital will be affected during the construction, but most
of all in the final effect. When the works are finished, the quality of the
environment will be significantly better. The diversion of traffic underg-
round will favourably influence the UNESCO listed historic and cultural
site which is found on the border of the historic core of Prague. The com-
pletion of the north-western part of the City Circle Road and its opening
to traffic will allow authorities to tackle the long-standing problem of the
so-called Severojizni Magistrdla (the North-Southern Backbone Road).
The aim will be to adapt it so that it fits in the new concept of the historic
parts of the city, which should be free of all transit traffic.

ING. JAN KVAS, kvas@metrostav.cz, METROSTAYV a. s.,
RNDr. RADOVAN CHMELAR, Ph.D.,
radovan.chmelar@pudis.cz, PUDIS a. s.
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METRO IVC2 V PRAZE JE VE FINALE
PRAGUE METRO IVC2 REACHES THE FINAL

JAN PROSR, PAVEL KREJCI

uvoD

O tunelech, predevs§im razenych, se v tomto odborném Casopise
pise stdle — koneckonct to odpovidd ndzvu Casopisu. Pievdiné se
piSe o tunelech dopravnich véetné metra, Casto o prazském metru
a v poslednich ro¢nicich aktudlné o dseku IVC — nejprve o etapé
IVCI z HoleSovic do Ladvi a nejnovéji o etapé IVC2 z Ladvi pres
Stiizkov a Prosek do Letiian (viz napf. ¢lanky v &. 1/2005 — str. 24
az 27, ¢. 3/2005 — str. 33 az 38, ¢. 2/2006 — str. 4 az 9 a str. 10 az 14
nebo v ¢. 2/2007 — str. 43).

Etapa IVC2 se v soucasné dobé dokonCuje a v kvétnu 2008 bude
uvedena do provozu s cestujicimi. Vystavba metra (a to nejen toho-
to useku) byla i ndmétem nékterych prispévku pfi jedndnich
Svétového kongresu WTC v kvétnu 2007 v Praze (viz Sbornik).

OHLEDNUTI DO HISTORIE

Je moznd spravné ohlédnout se nejdrive na celou historii prazské-
ho metra.

Metro vstoupilo do podzemi Prahy jako nejmlads$i soucdst jeho
technické infrastruktury, aby tak spole¢né s ostatnimi sitémi slouZi-
lo ¢lovéku dvacdtého a dalsich stoleti.

Myslenka o podzemni drdze v Praze byla poprvé vyslovena jiz
v roce 1898. Vlasteneckého Zelezére V. J. Rotta tehdy napadlo, Ze by
se i ve tietim nejduleZit€j§im mésté rakousko-uherského mocnéfstvi
mohlo zacit s hloubenim tunelt podzemni drahy paralelné s tunely
kanaliza¢nimi. Byla to prorockd slova, na néz ale do§lo aZ mnohem
pozdéji — to uz tak s proroctvimi byva.

Ctyfi roky po vytvoreni Velké Prahy pfisli se stejnym navrhem
inZenyti B. Bellada a V. List. Trasy jejich ndvrhu a po ném i vétSiny
dal§ich vedly ve smérech nejvys$Sich prepravnich ndrokd. Tento
prvni, stejné jako nékolik dalich koncepénich ndvrhu celého systé-
mu praZzské hromadné dopravy prodélaly dlouhou kalvdrii protidsa-
ni, osekdvani a nakonec zavrhovani az do kone¢nych rozhodnuti
v Sedesatych letech 20. stoleti.

Navrhy na feSeni systému méstské hromadné dopravy v Praze
zahrnovaly ruzné koncepce — od pouze autobusového provozu

e == SRR & T TR

Obr. 1 Ortofotomapa trasy IVC2
Fig. 1 Orthophoto map of the Line IVC2

INTRODUCTION

Tunnels, mainly mined tunnels, are permanent subjects of the
articles which are published in this technical magazine; this is, after
all, what the magazine name suggests. Prevailing topics of the artic-
les deal with transport-related tunnels, including metro, frequently
the Prague Metro. Recent annual volumes of the magazine have
covered the construction of the IVC operating section of metro —
first the IVC1 section between HoleSovice and Ladvi, then the
IVC?2 stage leading from Ladvi via Stfizkov and Prosek to Letnany
(see, for example, the articles on pages 24 through 27 of the issue
No. 1/2005, pages 33 through 38 of the issue No. 3/2005, pages 4
through 9 and 10 through 14 of the No. 2/2006 or page 43 of the No.
2/2007).

Stage IVC2 is currently being completed, to enter the revenue ser-
vice in May 2008. The development of the Prague Metro (not only
the above-mentioned section) was, in addition, the topic of several
papers which were presented during the World Tunnel Congress
2007 in Prague (see the Conference Proceedings).

PRAGUE METRO HISTORY

It is possibly the right moment now to remind us of the whole his-
tory of the Prague Metro.

The metro entered the Prague underground as the youngest part of
its technical infrastructure so that it could, jointly with other net-
works, serve people in the twentieth century and the following cen-
turies.

The idea of the development of an underground railway in Prague
was first formulated as long ago as 1898. It occurred to V. J. Rott,
a patriotic ironmonger, that tunnels for the underground railway
could start to be excavated concurrently with sewerage tunnels even
in Prague, the third most important city of the Austro-Hungarian
Empire. His words can be considered prophetic, but it was proven
much later, as usual in cases of prophecies.

Four years after the establishment of the City of Greater Prague,
engineers B. Bellada and V. List submitted the same proposal. The
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Obr. 2 Ndstupisté stanice Stiizkov

Fig. 2 Stiizkov station — the platform

v celé siti, pfes podpovrchovou tramvaj s kriatkymi tunelovymi
useky v centru s dopliikovou autobusovou siti, i traté budované
tak, aby na Zelezni¢nich stanicich navazovaly na traté predmést-
skych drah s moznosti prejezdu kolejovych vozidel nebo ndvrh
tramvajovych tuneld, které by ve vyhledu mohly slouzit metru, aZ
po ..¢istou* variantu metra od samého pocatku.

V lednu roku 1966 se zacalo s vystavbou podpovrchové tram-
vaje v prvnim tdseku dneSni trasy C metra: Nuselsky most —
Legerova — Hlavni nddraZi — Bolzanova. Souéasné se vSak pro-
hloubily spory mezi zastianci schvdleného postupu a zastanci
ndzoru, 7e je tfeba progresivnéjsi dopravni systém, tedy metro,
zacit budovat ihned bez mezietapy podpovrchové tramvaje.

Zdsadni zménu vyvolalo jiz koncem roku 1966 doporuceni
sovétskych expertd, podporené i nékterymi dal§imi povolanymi
odborniky, napf. z NSR: prejit ihned k pfimé vystavbé metra.
Ceskoslovenskd vlada pak usnesenim ze srpna 1967 vyslovila
souhlas s timto doporucenim a rozhodla o urychleném prepraco-
véani projektu.

S vystavbou vlastnich tras metra (razenych a hloubenych tune-
14 a stanic) samoziejmé vzdy soubézné probihd vystavba techno-
logickych zafizeni a staveb nezbytnych pro provoz a dal$i rozsi-
fovéni sit€, napf. energetické paterni trasy, trafostanice, centralni
dispe¢ink MHD, technickd centra a v neposledni fadé i depa pro
gardzovani a opravy vozovych souprav: Kacerov na trase C,
Hostivaf na trase A (s opravdarenskou zakladnou metra
v sousedstvi) a Zli¢in na trase B.

JedineCnost prazského metra byla v roce 2000 ocenéna
v odborné i laické anketé o titul Stavba 20. stoleti, v niZ mezi
stovkami nominovanych staveb rizného druhu obsadilo metro
prvni misto.

NEDAVNA MINULOST A SOUCASNOST

Vystavba pravé dokoncované etapy IVC2 (z Ladvi pres
Strizkov a Prosek do Letnan) byla zahdjena je§té pred uvedenim
etapy IVC1 (z HoleSovic pres Kobylisy do Ladvi) do provozu v 1.
pololeti roku 2004.

Technickd feSeni, postupy a problémy pfi realizaci raZenych
tunelt (dvou- a jednokolejnych) metodou NRTM byly v tomto
Casopise komentovany jiz nékolikrét (viz seznam).

Proto bychom se rddi vénovali i dal$im aspektum, mj. také
proto, Ze metro nejsou jenom razené tunely.

LADVI

Na provozovany usek IVC1 se navazovalo otevienou stavebni
jdmou s kotvenymi zaporovymi sténami, pod jejichZ ochranou se
postupné vybudovala Zelezobetonova krabicovd konstrukce
s Casti jedné obratové koleje, dvéma prujezdnymi kolejemi za sta-
nici Lddvi pod ulici Stfelni¢kou, na které navdzaly hloubené
tunely az k portdlu dvoukolejného tunelu NRTM smérem ke
Strizkovu.

Obr. 3 Vstup z ulice Vysocanské do stanice Stiizkov
Fig. 3 The entrance to Strizkov station from Vysocanskd Street

routes proposed by them, and the majority of subsequently proposed
routes, followed the directions of the highest transport requirements.
This initial conceptual design of the whole system of Prague mass
transport, as well as several subsequent designs, underwent a long
period of examinations, truncation and, eventually, even rejection,
which ended in the 1960s when the final decisions were made.

The proposals for the solution for the urban mass transport in
Prague comprised various concepts, from services to be provided
within the whole network solely by buses, through at-grade tramli-
nes containing short underground sections in the city centre and
combined with a bus network, or routes which were designed to be
linked to suburban railway lines, thus allowing the transfer of rail
cars, or a design for tram tunnels which could be used for the metro
in the future, to the variant of “pure metro” to be built from the very
beginning.

January 1966 saw the commencement of the construction of the
first section of the underground tramline, which is the today’s metro
section of the Line C Nuselsky Most — Legerova — Hlavni nddrazi —
Bolzanova. At the same time, however, the disputes between the
advocates of the approved concept and the holders of the opinion
that the construction of the more progressive transport system,
i.e. the metro, had to begin immediately, without the intermediate
stage, became more serious.

A fundamental change was brought about at the end of 1966 by
the recommendation which was issued by Soviet experts and sup-
ported by some other experts who had been invited, e.g. from the
FRG, that the transition to the direct construction of the metro take
place immediately. In August 1967, the Czechoslovak government
issued an order through which it agreed with the recommendation
and decided that the designs be expeditiously revised.

Needless to say, the work on the metro lines themselves
(mined/cut-and-cover tunnels and stations) proceeded in parallel
with the work on service facilities and structures required for the
operation and further expansion of the network, e.g. trunk power

Obr. 4 Stanice Stiizkov uprostred sidlisté Prosek

Fig. 4 Strizkov station in the centre of Prosek residential area




Obr. 5 Hloubeny tunel mezi stanicemi Strizkov a Prosek

Fig. 5 The cut-and-cover tunnel between Strizkov and Prosek stations
STRIZKOV

Za portdlem raZeného tunelu na zdpadnim okraji sidlisté
Stfizkov — Prosek byla podobnym zptisobem jako na Ladvi otev-
fena hloubend stavebni jama zaji§ténd kotvenymi zdporovymi
sténami, ve které byla vybudovdna Zelezobetonova konstrukce
hloubeného dvoukolejného tunelu, stejné jako navazujici jama
pro stanici StfiZkov.

Tato stanice se dvéma bo¢nimi ndstupisti je tvofena jedinym
a jedine¢nym halovym prostorem se zavéSenou ocelovou kon-
strukcfi zastfeSeni, které umoznilo maximalni proskleni obvodo-
vého plasté i stfechy a tim i prosvétleni stani¢ni haly dennim
svétlem. Otevienim jedné podélné stény do zahloubeného atria
ziskdvd stanice pfimy vizudlni kontakt s vnéj$im prostorem
a umozni tak i budouci droviiové propojeni s obchodni vybave-
nosti, kterd bude navazovat pfimo na prostor atria. Zahloubené
stanici tak toto feSeni doddvd charakter stanice povrchové.

Kromé unikétni, zcela ojedinélé konstrukce zakryti bude mit
tato stanice jest¢ jednu zvlastnost: diky pfistupu denniho svétla
do vnitiniho prostoru se tu uvnitf objevi Zivd popinava zelen.

Na obou koncich stanice nad kolejistém budou z ulice pfistup-
né lékdrna a cukrdrna, obé ndstupisté s tdrovni terénu spojuji
panoramatické vytahy a ndstupi§té smérem do centra oZivi pro-
sklend sténa restauraniho zafizeni. Podchod s vytahem
a obchodni vybavenosti pod ulici VysoCanskou umoZni cestuji-
cim bezkolizn{ pfistup k zastdvkdm autobusové dopravy.

Mezi stanici Stfizkov a Prosek byl vybudovan hloubeny dvou-
kolejny Zelezobetonovy tunel v oteviené stavebni jamé zajisténé
zdporovymi sténami kotvenymi v nékolika drovnich, které muse-
la ustoupit ¢dst Parku pratelstvi se vzrostlymi stromy. Dnes uZ je
celd tato ¢dst opét zkultivovédna, nové dreviny a kefe vysédzeny,
travnaté plochy osety a vybaveny zavlahovym systémem, prove-
deny nové parkové cesty, osvétlené novymi modernimi svitidly.

Obr. 7 Pohled z vestibulu na ndstupisté stanice Prosek
Fig. 7 A view of the platform of Prosek station from the concourse
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Fig. 6 Surface finishes above the concourse of Prosek station

lines, transformer stations, a central management facility for the
urban mass transit system, equipment and services centres and, at
last but not least, depots for the keeping and repairs of rolling stock
in Kacerov on the Line C, Hostivar on the Line A (with a repair base
in the neighbourhood) and Zli¢in on the Line B.

The uniqueness of the Prague Metro was recognised in 2000 in
the professional and lay opinion poll “The Construction of the 20th
Century”, where, among hundreds of nominated projects of various
types, it took first place.

THE RECENT HISTORY AND THE PRESENT

The construction of the IVC2 section (from Ladvi, via Stfizkov
and Prosek, to Letiany), which is today being completed, had star-
ted even before the IVC1 section (from HoleSovice, via Kobylisy to
Ladvi) was opened to traffic (1st half of 2004).

The means and procedures which were used and problems which
were encountered during the implementation of mined tunnels (both
double-rail and single-rail) by the NATM have been several times
commented on in this magazine (see the list above).

For that reason, we would like to focus even on other aspects,
among other reasons it is because mined tunnels are not the only ele-
ments of the metro.

LADVI

There was a construction pit with the sides supported by anchored
soldier beam and lagging walls, which was connected to the opera-
ting section IVCI1. The pit was used for the construction of
a reinforced concrete box containing a complex of rail switches, one
back shunt track and two running tracks behind Ladvi{ station, under
Strelni¢nd Street. Adjacent cut-and-cover tunnels continued in the
direction toward Strizkov, up to the portal of a NATM-driven doub-
le-rail tunnel.

STRIZKOV

A construction pit supported by anchored soldier beam and lag-
ging walls, similar to that one in Ladvi, was provided behind the
portal of the mined tunnel on the western edge of Stfizkov — Prosek
residential area. The pit was used for the construction of the rein-
forced concrete structure of the double-rail tunnel; the adjacent
excavation pit for the Stfizkov station structure was similar.

Stiizkov station, with its two side platforms, features a single,
unique space formed by a suspension roof steel structure, which
allowed the designer to use a maximum degree of glazing of the
external cladding and roof. The glazing allows daylight to directly
illuminate the station space. One longitudinal wall will be open to
an atrium, which will be partially sunk under the ground surface;
thus the station will allow a direct visual contact with the outer
space and, in the future, direct connection to a shopping mall, which
will link to the atrium. This design gives the partially sunk station
the view of an at-grade station.

In addition to the unique structure of the roof and external clad-
ding, the station will feature another curiosity: thanks to the daylight
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Obr. 8 Prechod hloubeného tunelu do raZeného za stanici Prosek ve sméru na
Letnany

Fig. 8 Transition from a cut-and-cover tunnel to a mined tunnel, behind
Prosek station (in the direction toward Letnany)

Podél témer celé Vysocanské ulice tak vznikla novd pési prome-
ndda.

PROSEK

Tato promendda tsti do zcela nové architektonicky ztvarnéné-
ho prostoru mezi obchodnim domem Billa a ulicemi Vyso¢anskou
a Proseckou, ktery vybaven pestrou zdmkovou dlazbou
v geometrickych obrazcich, lavickami, pergolami a pristresky
i plochami pro hry déti vytvori klidovou z6énu mezi ru$nymi
komunikacemi. Zaroven jsou zde vydstény nadzemni &tyiboké
jehlany bud se zaluziemi vétrani stanice metra, nebo prosklené,
zajistujici prosvétleni podzemniho vestibulu. Ten je z terénu pfi-
stupny vytahy nebo pevnymi schodisti s pristiesky a komfort pro
cestujici je zajiStén i dvéma podchody z vestibulu pod ulici
Vysocanskou a Proseckou primo k zastavkdm povrchové MHD.

Stanice metra Prosek byla také vybudovéna v oteviené stavebni
jdmé pod zajisténim zdporovych stén kotvenych v nékolika drov-
nich. Zelezobetonova konstrukce stanice s boénimi ndstupisti ma
v drovni pod ndstupi§tém technické chodby a kabelové kandly,
droven ndstupiSt’s ¢dsti pristupnou cestujicim a s provoznimi mist-
nostmi a technologickymi prostory a nad ndstupiSti vestibul
s ochozem, z néhoZ je moZny pohled shora na ndstupisté
a kolejisté. V ose kolejisté je fada vdlcovych elegantnich sloupu
podepirajicich strop stanice, ktery je zakryty zajimaveé rastrovanym
lamelovym podhledem.

Na vestibul navazuje pruchozi prostor, ve kterém budou
postupné otevieny jednotky obchodni vybavenosti rizného zamé-
feni a specializace.

Az do kvadrantu mezi ulicemi VysoCanskd a Prosecka byl
v oteviené stavebni jamé zabezpefené kotvenym zaporovym
pazenim vybudovidn Zelezobetonovy hloubeny dvoukolejny tunel,
prechdzejici za strojovnou vzduchotechniky do raZeného dvouko-
lejného tunelu budovaného NRTM, ktery aZ pred stanici Letnany
prechdzi do dvou kratkych raZenych jednokolejnych tunela.

LETNANY

Stanice Letnany i odstavné a obratové koleje s vyhybkovym
komplexem za ni byly vybudovdny v oteviené stavebni jamé
zajisténé zdporovym paZenim kotvenym v nékolika udrovnich,
jako Zelezobetonové krabicova konstrukce se stfedni fadou vdl-
covych sloupu v prostoru néstupisté pro cestujici. UZ nyni, pred
zahdjenim provozu a po dokonceni kvalitnich dlaZeb, nerezovych
obkladl sloupu, barevnych smaltovanych plecht na sténédch za
vlakem (v Cervenomodrobilé kombinaci) doplnénych zrcadlovy-
mi plochami a lamelového zvInéného stropu, prostor stanice
pusobi jako velkolepd dvoulodni podzemni katedrila.

Ostrovni ndstupi$té, zatim nejSirsi v Praze (15 m), md zajistit
bezproblémovy provoz i v dobé ndrazové koncentrace cestujicich

TuoufHel

access to the inner space, there will be natural green vegetation
(climbing plants) in the station.

There will be a pharmacy and confectioner’s at both ends of the
station, which will be accessible from the street. Both platforms are
connected with the street level by panoramic lifts; the station plat-
form on the side toward the centre will be animated by a glazed wall
of a restaurant. A pedestrian subway with a lift and shops under
Vysocanskd Street will allow collision-free access of passengers to
bus stops.

A cut-and-cover reinforced concrete double-rail tunnel was built
between Stiizkov and Prosek stations, in a construction trench sup-
ported by soldier beam and lagging walls, which were stabilised by
several tiers of anchors. A part of Park Pratelstvi (Friendship Park)
with full-grown trees had to give way to the trench. Today, the res-
toration of this part has been completed, new woody plants and
brushes planted, re-grassed plots provided with an irrigation system,
new park paths established and new, modern lighting installed along
them. This operation gave rise to a new promenade nearly throug-
hout the whole length of Vysocanskd Street.

PROSEK

The above-mentioned promenade ends in a newly architecturally
designed space between Billa shopping centre and VysoCany and
Proseckd Streets, which is paved with chequered interlocking pavers
forming geometrical figures. It is provided with benches, pergolas
and sheds, even areas for children’s games, thus creating a quiet
zone between the busy streets. At the same time, aboveground squa-
re pyramid structures are installed in this area, which are either pro-
vided with metro station ventilation louvers or are glazed to allow
the access of daylight to the underground concourse. The concourse
is accessible from the surface by means of lifts or via firm stairca-
ses covered with sheds. In addition, passenger comfort is improved
by two pedestrian subways leading from the concourse, under
Vysocanskd and Proseckd Streets, directly to bus stops and tram
stops.

Prosek metro station was also built in a construction trench sup-
ported with soldier beam and lagging walls, anchored in several
tiers. The reinforced concrete structure of the station, with side plat-
forms, has services corridors and cable ducts under the platforms,
the platform level with a part accessible for passengers and with ser-
vice rooms and equipment rooms, and the concourse with a balcony,
from which the viewing of the platforms and rails from the top is
possible. A row of elegant cylindrical columns supporting the stati-
on roof is on the centre line, between the rails. The ceiling is cove-
red with a suspended ceiling, consisting of lamellas arranged in an
interesting grid.

The concourse links to a mall, where variously focused and spe-
cialised shops will be stepwise opened.

A cut-and-cover double-rail tunnel was built in a construction
trench, supported by anchored soldier beam and lagging walls, up to

Obr. 9 Prechod dvoukolejného raZeného tunelu do dvou jednokolejnych pred
stanici Letriany

Fig. 9 Transition from a double-rail mined tunnel to a pair of single-rail
tunnels, before Letiiany station




Obr. 10 Ndstupisté stanice Letriany
Fig. 10 Letnany station — the platform

pii konén{ vystav a veletrht v blizkém PVA (Prazském vystavnim
arealu).

Ze dvou vestibuld spojenych s nastupistém pevnymi schodisti,
eskaldtory i vytahy bude se zahdjenim provozu s cestujicimi otev-
fen jen ten severni. Jizni bude zprovoznén az v dobé, kdy dalsi
vystavba privede do této ¢4dsti Letnan nové obyvatele, resp. bude-
li rozhodnuto o vystavbé olympijského aredlu nebo definitivniho
veletrzniho aredlu.

Nad stanici metra Letniany je vybudovdno velké patrové parko-
vi§té P + R pro osobni auta a rozsdhly termindl autobusu prazské
MHD, piiméstské dopravy a dilkovych spoja do stfednich
a severnich Cech. Zastivky jsou kryty rozsahlymi prosklenymi
pristfesky chrdnicimi cestujici a ve dvou objektech je umisténo
zdzemi pro fidice a dispecink.

TECHNICKE NOVINKY

Poprvé v prazském metru bude na nédstupiStich vSech tff novych
stanic pouzita SIL (svételnd informacni linie). Jsou to vlastné
nizkonapétovd podélnd svitidla s modrymi LED diodami zakrytd
tvrzenym sklem, vloZend do dlazby ndstupisté a vymezujici tzv.
bezpecnostni pas k hrané néstupiste.

Dalsim vylepSenim jsou upravend svitidla Robus nad podélnou
hranou ndstupisté, kterd ji jednak lIépe nasvétluji a také na sobé
nesou informaéni ddaje o prislu$né trase, stanici a vystupech z ni.

Doslova technickou lahudkou je jiz zminénd konstrukce

Moy

a zasklen{ stanice StfiZkov. Mimordadnych a ndro¢nych operaci

Obr. 11 Vyhybkovy komplex za stanici Letiiany
Fig. 11 The complex of rail switches behind Letnany station
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the quadrant between VysocCanskd and Proseckd Streets. Behind
a ventilation plant room, the tunnel passed to a NATM mined doub-
le-rail tunnel, which passes to a pair of short single-rail tunnels just
before Letiiany station.

LETNANY

Letnany station as well as the stabling tracks and back shunts with
a complex of rail switches which are located behind the station were
built in a construction trench supported with soldier beam and lag-
ging walls anchored at several levels. The design is a reinforced
concrete box structure, with a central row of columns in the public
part of the platform area. Now, before the operational service ente-
ring, after the completion of high-quality floor tiling, stainless steel
sheet cladding of columns, coloured vitreous enamel cladding of the
walls behind trains (a red-blue-white combination), mirrors on the
cladding and corrugated lamellar suspended ceiling, this space has
already assumed the appearance of a majestic, double-aisle underg-
round cathedral.

The central platform, which is for the time being the widest in
Prague (12m), is to secure trouble-free operation in the cases of
short-term concentration of passengers during the exhibitions and
fairs which will be held in the vicinity (in the Prague Exhibition
Area).

Of the two concourses, which are connected with the platform by
firm staircases, escalators and lifts, only the northern one will be
open on the commencement of operation. The southern concourse
will be opened later, when the population of this area grows
as a result of the future development, or when the decision on the
development of the new Olympic grounds or a definite fair grounds
is made.

A large, one-storey park-and-ride facility for cars and a large ter-
minal for buses of the Prague mass transit system, suburban buses
and long-distance lines heading to central and northern Bohemia
was built above Letriany station. The stops are covered by extensi-
ve glazed sheds to protect passengers; two buildings provide back-
up facilities for drivers and operators.

TECHNICAL INNOVATIONS

It will be for the first time on the Prague metro network that the
Light Emitting Information Line will be installed on the platforms
of all of the three new stations. The line is formed by low-tension
linear blue LED lighting fixtures, which are covered with hardened
glass. They are embedded in the platform flooring to mark the bor-
der of the so-called safety strip following the platform edge.

Another improvement are the modified lighting units Robus
above the longitudinal platform edge, which not only provide better
illumination but also carry signs informing about the particular
metro line, station and exists from the station.

The above-mentioned glazed structure of Stfizkov station is lite-
rally a great technical treat, consisting of many new engineering
details - from the grouting of the bed under four huge footings,
through the complicated placement of reinforcement and casting of
concrete, the accuracy of the fabrication and erection of the two
welded, hollow arched girders which cut each other above the
ground level, the longitudinal beam suspended from the girders with
a system of pairs of transverse load bearing secondary beams which
are suspended on tie rods and supported by slanted props forming an
unequalled letter Y, which carry the load imposed by the roof, and
vertical lattice girders from stainless steel pipes which reinforce the
external cladding, to the successful coping with problems associated
with the glazing of the roof and side walls (mounting, suspension,
sealing in all directions, joints in corners, outside corners and sli-
ding walls, expansion joints). This station is really a proof of great
abilities of the whole team, from the architectural study, through
high-quality design to the performance of several tens of artisans
and workers of various professions, who were led by competent
technicians of the Group of Contractors.

EQUIPMENT

The civils work contract for the IVC2 stage was implemented by
a group of companies consisting of Metrostav a. s., Skanska CZ a. s.
and Subterra a. s., and their sub-contractors, according to the
Metroprojekt Praha a. s. design. The first deadline for the completion
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zde bylo vice nez na jinych také slozitych objektech. Injektaz
podlozi pod &tyfmi mohutnymi zdkladovymi patkami, jejich
ndro¢né armovdni i betondZ, presnost vyroby i montdZze dvou
svarovanych, nad zemi se protinajicich dutych obloukovych
nosnikd. Na nich visi podélny pravlak se soustavou dvojic pri¢-
nych nosnych trdmt zavéSenych na tdhlech a podeprenych §ik-
mymi stojkami ve tvaru nerovnoramenného pismene Y, které
prendseji zatiZzeni od stfechy. Zvlastni je uZiti pfihradovych svis-
Iych nosniku z nerezovych trubek vyztuzujicich obvodovy plast.
VyfeSeni mnoha problémua si vyZddalo zaskleni stfechy
i bo¢nich stén (upevnéni, zavéseni, utésnéni ve vSech smerech,
dilatace a detaily ukonceni v rozich a ndroZich i u oteviravych
sté€n). Stanice je opravdu dikazem $pi¢kovych schopnosti celé-
ho tymu od ideového ndvrhu architekta, pres kvalitni projekto-
vou dokumentaci aZ po nékolik desitek femeslniku a délniku
ruznych profesi, vedenych kompetentnimi techniky sdruzeni
zhotovitelu.

TECHNOLOGIE

Stavebni price na etapé IVC2 metra podle provddéci projektové
dokumentace METROPROJEKT Praha, a. s., provadélo Sdruzeni
Metrostav a. s., Skanska CZ, a. s., Subterra, a. s. se svymi ¢etnymi
subdodavateli. Jiz ve 3. ¢tvrtleti 2006 bylo tfeba zajistit prvni sta-
vebni pfipravenost tak, aby mohly plynule za¢it montdZni prace na
technologickych provoznich celcich a souborech energetickych
zafizeni, zabezpeCovacich a sdélovacich zafizeni, strojniho zafize-
ni, vzduchotechniky a ASDR. To vie v dobé, kdy je§té nebyl
dokoncen kolejovy svrsek v celém rozsahu, takze se technologicka
zatizeni zavédzela do trasy Ctyfmi montdZnimi otvory ve stropé
hloubenych tuneld. Postupné byly zakryvédny, nicméné posledni —
mezi stanicemi Stfizkov a Prosek — byl vyuzivdn az do fijna
2007.

Realizaci technologické ¢dsti IVC2 bylo povéreno Sdruzeni
firem Skanska CZ, a.s., CKD DIZ, a. s., a Metrostav a. s. s jejich
subdodavateli.

Aby byl vycet dplny, je tfeba se zminit jeste¢ o doddvce mobil-
nich stroju a zafizen{ a dal3ich novych vlakovych souprav metra.

ZAVER (A BUDOUCNOST ?)

UZ dnes — je$té pred zahdjenim provozu s cestujicimi — je snad
mozné konstatovat, Ze se tsek IV.C2 prazského metra povedl:
stavebni prace byly provedeny ve velmi dobré kvalité a bez zjev-
nych zdvad, o ¢emZ svéd&i dosavadni prubéh technickych prohli-
dek, predprejimek i vlastnich prejimacich fizeni, podle harmono-
gramu probihaji komplexni zkouSky funk¢nich technologickych
celkt, kompletuji se nezbytné doklady pro kolaudalni fizeni
a zpracovavaji se projekty skute¢ného provedeni.

Na povrchu se minimalizuji zdbory pro vystavbu i pro zafizeni
staveni$té, vSechna omezeni dopravy byla jiZ zruSena a novd
vysadba se brzy za¢ne zelenat. Vozovky, chodniky, dopravni zna-
Ceni, vefejné osvétleni, méstsky mobilidf, informadni systém —
vie z4rf novotou a zaéind slouzit cestujicim.

A jak je uz v Praze zvykem: tam, kde se ,,objevi“ metro, stdva
se vyraznym fenoménem a méstotvornym prvkem s obrovskym
inspirativnim vlivem na Siroké okoli.

A budoucnost metra v Praze? Dle na$ich informaci je priprave-
na studie na prodlouZeni trasy A z Dejvic pfes Motol aZ
k ruzynskému letiti, a to v nékolika etapach. Existuji uz i dvé
varianty (standardni a tzv. lehké metro) nové trasy D od Hlavniho
nadraZzi pfes Nusle do Modran.

Lze si jen prdt, aby se co nejdfive i na strankdch tohoto odbor-
ného periodika objevily ¢lanky o bezprostfedni pripravé vystav-
by nékterého z téchto dseku. Idedlni by oviem bylo, jak vSichni
vime, kdyby vystavba metra v Praze byla kontinudlni, ni¢im
nepreruSovany proces.

ING. JAN PROSR, prosr@metrostav.cz, ZVWE TROSTAV a.s.,
ING. PAVEL KREJCI, troja-ids@iol.cz,
INZENYRING DOPRAVNICH STAVER a. s.

Obr. 12 Napojeni stanice Letriany na komunikace (uprostred patrovy parking
P+ R a termindl autobusu s objekty dispedinku a zdzemi pro Fidice)

Obr. 12 Incorporation of Letriany station into the road network — the one-sto-
rey P + R facility with two buildings housing back-up facilities for drivers and
operators is in the centre

of the civils work was planned for as early as the 3rd quarter of 2006
so that the installation of equipment, i.e. the power supply system,
signalling and communications systems, mechanical equipment,
ventilation system and the automated system of supervisor control
could start. The installation of trackwork had not been completed at
that time, therefore the components of the equipment had to be
lowered through four assembly openings in the roof of the cut-and-
cover tunnels. The openings were step-by-step closed; nevertheless,
the last one (between StiiZkov and Prosek stations) was used till
October 2007.

The contract for the supply and installation of equipment in the
IVC2 section was awarded to a group of companies consisting of
Skanska CZ a.s., CKD DIZ a. s. and Metrostav a. s., with their sub-
contractors.

To have the summary complete, we must mention the supply of
mobile machines and equipment and new metro trains.

CONCLUSION (AND THE FUTURE?)

Already today, even though the revenue service has not started
yet, it is possible to state that the section IVC2 of the Prague metro
has turned out well: the civils work quality is high, without obvious
defects, as proven by the course of technical inspections or prelimi-
nary acceptance and acceptance proceedings; comprehensive tests
of equipment systems are continuing in compliance with the con-
tractual schedule, the documents required for the final inspection
proceedings (“kolaudace”) are being collected and the as-built
design is being carried out.

The extent of the land which was occupied for the construction
purposes and site facilities is being minimised, all traffic restrictions
have been removed and newly planted vegetation will soon start to
turn green. Roadways, pavements, traffic signs, public lighting,
street furniture and the information system — everything is new and
shining, ready to serve passengers.

As usual in Prague, wherever the metro “appears”, it becomes
a significant phenomenon and a city-forming element which has
a great inspiring effect on a wide area around.

And the future of the Prague Metro? Our information is that
a study on the Line A extension from Dejvice via Motol to the
Ruzyné international airport (divided into several stages) has been
completed. In addition, there are two variants of the metro Line D
(a standard “heavy” metro rail line and light rail transit line) from
Hlavni Néadrazi via Nusle to Modrany.

We may only believe that papers on the immediate preparation of
some of the above-mentioned lines will appear soon on the pages of
this periodical technical magazine. Naturally, it would be an ideal
state, as all of us know, if the development of the metro in Prague
became a continuous, uninterrupted process.

ING. JAN PROSR, prosr@metrostav.cz, METROSTAYV a. s.,
. ING. PAVEL KREJCI, troja-ids @iol.cz,
INZENYRING DOPRAVNICH STAVEB a. s.
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VYSTAVBA PRAVE TUNELOVE TROUBY DALNICNIHO TUNELU LUCICE
CONSTRUCTION OF RIGHT TUNNEL TUBE OF LUCICE TUNNEL

MILOSLAV ZELENKA

uvoD

Vystavba chorvatskych ddlnic prozivad v obdobi po roce 2000 sta-
vebni ,,boom*, ktery ma umoZnit velkému mnoZstvi turistd sméfuji-
cich kazdoro¢né v letni sezoné ze severu k mofi bezkolizni presun
tam a zpét. Souldsti budovaného dopravniho systému je dsek Rijeka
— Zagreb, ktery je zatim na ¢asti vedouci ¢lenitym horskym terénem
provozovan obousmérné na jedné dostavéné poloviné dalnice.
Druhd polovina ddlnice se postupné buduje a jednotlivé dseky se
uvddéji do provozu zhruba v pulro¢nich intervalech. Celkem je jich
pét o celkové délce 47,5 km. Na dokonéovaném ddlniénim tahu se
stavi mosty a razi se ,,druhé”“ jednosmérné tunelové trouby. Jednou
z nich je také druhd tunelovd trouba tunelu Lucice. Metrostav
a. s. divize 5 ji dokoncil ke konci roku 2007. Jednalo se o doddvku

s Xz

kompletni stavebni ¢dsti tunelu (kromé technologie).

UCASTNICI VYSTAVBY A TERMIN VYSTAVBY

Supervize na stavbé IGH (Institut Gradevinarstva Hrvatske)

Investorskd organizace ARZ (Autocesta Rijeka — Zagreb)
Zagreb

Projektant IPZ (InZenjerski

Zagreb

Chorvatské sdruZzeni

(Konstruktor, Viadukt, Hidroelektra,

Strabag)

Projektni Zavod)

Dodavatel stavby

Subdodavatelem razi¢skych, méri¢skych a betonarskych praci na
tunelu Lucice se stal Metrostav a. s. pro firmu Konstruktor Split.
Smluvni termin ukoncéeni praci na tunelu je 31. leden 2008.

ZAKLADNI TECHNICKA DATA TUNELU

Tunel Lucice se nachdzi ve vySce cca 750 m n. m. v pohofi zva-
ném Gorski Kotar. Nejvyssi hory v tomto horském tzemi dosahuji
vysky pres 1500 m n. m. Tunel je vzddlen pfiblizné 45 km od mésta
Rijeky. Oznaleni tunelu je prevzato od ndzvu vesnice, kterd se
nachdzi v jeho tésné blizkosti.

Technické tddaje dvoupruhového ddlni¢niho automobilového
tunelu Lucice:

e generelni smér trasy tunelu; zdpad — vychod;

e ddlni¢ni tunel s dvouplastovym osténim s mezilehlou izolacf;

e celkova délka tunelu 590 m;

Obr. 1 Skladba rubaniny v tivodnim tseku tunelu Lucice
Fig. 1 Composition of the muck from the initial section of the Lucice tunnel

excavation

INTRODUCTION

The development of motorways in Croatia has experienced
a construction boom since 2000 with the aim of allowing the large
numbers of tourists heading every year in the summer season from
the north to the sea to move without collision to and fro. Part of the
transportation system which is being developed is the Rijeka -
Zagreb section. The part of this section which passes through rug-
ged terrain is, for the time being, operating bi-directionally on the
half of the dual carriageway which has been completed. The other
half of the carriageway has been developed in phases; individual sec-
tions are opened to traffic approximately in half-year intervals. There
are five of the sections in total, at a total length of 47.5km. Bridges
are being built and “second” (parallel) uni-directional tunnel tubes
are being driven on the motorway part which is being completed.
One of them is the second tunnel tube of the Lucice tunnel. Division
5 of Metrostav a.s. finished this tunnel construction at the end of
2007. The contract covered all civils work (with the exception of tun-
nel equipment).

INVOLVED PARTIES AND CONSTRUCTION TERM

Construction supervisor  IGH (Institut Gradevinarstva Hrvatske)

Employer ARZ (Autocesta Rijeka — Zagreb)
Zagreb

Designer IPZ (InZenjerski Projektni Zavod)
Zagreb

Contractor Croatian joint-venture

(Konstruktor Split, Viadukt,
Hidroelektra, Strabag)

Metrostav a.s. was Konstruktor’s sub-contractor for the excavation,
survey and concrete casting operations on the Lucice tunnel. The con-
tract deadline for the completion of the work on the tunnel was 31st
January 2008.

BASIC ENGINEERING DATA OF THE TUNNEL

The Lucice tunnel is found at the altitude of about 750m a.s.l.,
in the Gorski Kotar mountain range. The highest mountains of this
mountain range reach altitudes over 1500m a.s.l. The distance of the
tunnel from the city of Rijeka is about 45km. The name of the tunnel
is taken from the name of a village which is in its close vicinity.

Engineering data on the double-lane motorway tunnel Lucice:

e general direction of the tunnel alignment: west - east

e motorway tunnel with a double-shell lining and intermediate

waterproofing

o total tunnel length: 590m

o of this length the mined part: 551 m

e general gradient (downhill in the direction from Rijeka): 2.82 %

e excavated cross sectional area (depending on the NATM excavati-

on support class): from 76.35 to 86.80m?

e cross passages (passages for pedestrians to the existing tunnel):

2 pieces (the lengths of 21m and 23m)
e overburden: from about 6m (at portals) to about 90m.

GEOLOGICAL AND HYDROGEOLOGICAL CONDITIONS

The Lucica tunnel excavation passed mainly (with some exceptions)
through Triassic age dolomites. The dolomite colour varies, from light
to dark shades; it is bedded and heavily fractured. The width of fissu-
res depends on the degree of the faulting of the rock massif, varying in
the range of centimetres; the thickness of weathered layers reached
tens of meters. The fissures are mostly filled with loamy sand in colour
shades varying from yellow to red. Even karst phenomena were
encountered during the course of the tunnel excavation (caves, more or
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e 7 toho razena Cast 551 m;

e generelni sklon (dpad ve sméru Rijeka) 2,82 %;

e plocha vyrubu (dle technologické tfidy NRTM) od 76,35 do
86,80 m?

o tunelové spojky (pruchod pro pé3i se stdvajicim tunelem) 2 ks
(délka 21 a 23 m);

e nadlozi od cca 6 m (portdly) do cca 90 m.

GEOLOGICKE A HYDROGEOLOGICKE POMERY

Razba tunelu Ludice probihala zdsadné (aZz na vyjimky)
v dolomitech triasového stdfi. Dolomit je zbarven od svétlé do
tmavé barvy, je vrstevnaty a silné rozpukany. Velikost puklin je
z4visld na stupni poruseni vlastniho skalniho masivu a pohybuje se
v fadu centimetra a7z do zvétralych poloh v §ifi desitek metra.
Pukliny jsou vesmés vyplnény hlinitym piskem zbarvenym
v odstinech od barvy Zluté do barvy Cervené. Béhem razby byly
zastizeny i krasové jevy (zeminovym materidlem vice ¢i méné zasy-
pané jeskyné) aZ do objemu velikosti desitek m?.

Z geologického hlediska byl zcela specificky prvni usek razby
v délce 90 m. Trasa tunelu od portdlu byla vyprojektovdna primo do
poruchy v horninovém masivu, kterd jen pod velmi malym thlem
vyklifiovala z prifezu tunelu. Porucha byla vyplnéna hlinitopisci-
tym materidlem charakteru zeminy, v némz se nachdzely roztrouse-
né balvany o velikostech opsaného pruméru pfiblizné od 1 do 3 m.

Prusaky vody se béhem raZby tunelu vyskytovaly vyjimecné.
Jejich vyskyt vzdy korespondoval se srazkami — jednalo se evident-
né o vodu prosakujici z povrchu terénu do tunelu. Pro dplnost je
nutno dodat, 7e srdzkovd Cinnost v tomto mist¢ Chorvatska je
podobné jako jinde v hordch v evropském pdsmu velmi intenzivni,
zejména na jafe a na podzim. S ohledem na velkou puklinatost
a propustnost horninového prostredi se vSak témér vZdy ztrdcela bez
nutnosti Cerpani.

ZAHAJENI STAVBY

Stavba byla zahdjena vybudovédnim zafizeni staveni§té a provedenim
mikropilotového destniku na rijeCské strané tunelu Ludice v Tijnu
a listopadu 2006. Portdl tunelu byl zajistén mikropilotovym destnikem
dlouhym 12 m. Pavodné navrZeny destnik byl 6 m dlouhy a umistény
pouze v kaloté tunelu. Na zdkladé skuteéné zastiZenych geologickych
podminek a po dohodé s projektantem a investorem stavby bylo puvod-
ni rozmisténi mikropilot rozsifeno na cely obvod tunelu. Jednalo se
0 59 mikropilot o pruméru 114 mm injektovanych cementovym mlé-
kem. Nékteré z mikropilot bylo problematické kvalitné zainjektovat,
protoZe zeminové prostiedi s volnymi balvany absorbovalo injektaZn{
smés bez Casového omezeni. Z vyse uvedenych divoda se protdhla rea-
lizace mikropilotového destniku témér na cely mésic misto ptivodné
predpoklddanych 14 pracovnich dnu.

RAZENI TUNELU

Dalni¢ni tunel Lucice byl raZen technologii NRTM C{éstecné
mechanickym rozpojovdnim, za priportdlovym udsekem vétSinou
s pomoci trhacich praci. ProtoZe se jednalo o razbu v poradi druhé
tunelové trouby, pri¢emz prvni doasné obousmérnd trouba byla nor-
mdlné dopravné zatiZena, bylo nutno pfi pouziti trhacich praci zasta-
vovat dopravu v provozovaném tunelu. To se provadélo za soucin-
nosti provozovatele ddlnice ARZ (Autocesta Rijeka — Zagreb), poli-
cie a hasi¢ského zdchranného sboru vyhradné podle predem uréeného
asového rozpisu. Casovy rozpis planovanych preruieni provozu viak
nebyl pravidelny, tzn., Ze mezi uréenymi ¢asy pro odpaly trhavin
nebyly stejné intervaly, coZ s ohledem na cykli¢nost praci pfi razbé
situaci velmi komplikovalo. Dal$i omezeni trhacich praci prichdzelo
vzdy s vikendem, kdy nebylo moZzno provadét trhaci prace v patek
a v nedéli odpoledne a vecer, kdy doprava smérem k mofi a od mote
byla vyrazné intenzivnéjsi. Po dobu svétku pak nebyly trhaci préace
povoleny vubec. Béhem kaZdého odpalu se provddélo seismické
méfeni v provozované tunelové troubé. Maximdlni hodnota byla
povolena 50 mm/s — této hodnoty vSak nebylo nikdy dosaZeno.

Vlastni razba tunelu byla zahdjena zaldtkem prosince 2006
z hloubené ¢&asti na rije¢ském portdlu. Po prechodu razby
z ochranného mikropilotového obvodového zajisténi vyrubu se
zacaly projevovat problémy plynouci ze situovdni trasy do geolo-
gické poruchy. Spocivaly v sérii dil¢ich zdvalu s nadvylomy
s potfebou jejich okamZité sanace. Dusledkem bylo zpomaleni

Obr. 2 RoztrouSené balvany v materidlu charakteru zeminy
Fig. 2 Scattered boulders in the soil material

less filled with loamy materials); the volumes of the caves reached
even tens of cubic meters.

From the geological point of view, the initial, 90m long section of
the excavation was absolutely specific. The tunnel design route ran
from the portal directly into a layer of slope wash, which only slowly
gave place to competent rock rising gradually (throughout the length
of 90m) from the excavation bottom. The slope wash consisted of
a loamy-sandy material having the properties of soil, which contained
scattered boulders with the sizes of the diameter of a circumscribed
circle ranging approximately from 1 to 3m.

Water seepage into the tunnel during the excavation occurred only
exceptionally. The occurrences always corresponded to precipitation —
it was obviously water seeping from the surface. For the sake of com-
pleteness, it must be added that the precipitation in this area of Croatia
is similar to that in other mountains in the European zone, i.e. very
intense, mainly in the spring and autumn. Owing to the intense fractu-
ring and high permeability of the rock environment, the water nearly
always disappeared without a need for pumping.

CONSTRUCTION COMMENCEMENT

The work started in October and November 2006 by the constructi-
on of the site facility and the installation of canopy roof pre-support on
the Rijeka side of the Lucice tunnel. The tunnel portal was supported
by a canopy formed by 12 long micropiles. The original design requi-
red a 6m long canopy to be installed only above the top heading. As
approved by the designer and project owner, based on the actually
encountered geological conditions, the originally planned configurati-
on of the micropiles was changed to cover the whole circumference of
the tunnel. There were 59 micropiles 114mm in diameter, grouted with
fluid cement, around the tunnel cross section. In some cases it was dif-
ficult to achieve quality grouting of the micropiles because the soil
environment with loose boulders absorbed the grouting mixture wit-
hout any time limit. For the above-mentioned reasons, the time for the
installation of the micropile pre-support extended nearly to the whole
month instead of the originally anticipated 14 working days.

TUNNEL EXCAVATION

The Lucice motorway tunnel was driven by the NATM and partly by
the drill-and-blast technique; the drill-and-blast prevailed beyond the
portal section. Because the task was to excavate the second tube of the
twin-tube tunnel, whereas the first tube was carrying temporary, regu-
lar bi-directional traffic, it was necessary to suspend the traffic through
the operating tunnel tube whenever the blasting was necessary. The
traffic was suspended in collaboration with the motorway operator,
ARZ (Autocesta Rijeka — Zagreb), the police and fire rescue service,
always in compliance with a time schedule which had to be approved
in advance. The time schedule of the planned cases of suspension of
traffic was irregular, which means that the intervals between the times
agreed for the blasting events were not identical. This fact seriously
complicated the situation, considering the cyclic nature of the tunnel
excavation operations. Another restriction to the blasting operations
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Obr. 3 Zajisteni celby a nadloZi tunelu strikanym betonem a injektovanymi
IBO kotvami (iisek 90 m)

Fig.3 Stabilisation of the tunnel face and roof by shotcrete and grouted IBO
anchors (the 90m long section)

postupu razby. Razba tunelu v té dobé probihala s predrazenou kalo-
tou na dosah 1Zice tunelbagru a s nédslednym rozpojovanim opéri.
Trhaci prace byly v té dobe vyuZzivdany pouze lokdlné pfi rozpojova-
nf velkych balvanu velikosti 2 aZ 3 m, které byly volné roztrouSeny
v zeminé. Casto se stdvalo, 7e pii uvolnovani nékterého z balvanu
doslo k fetézové reakci, kterd méla za ndsledek zavaleni kaloty tune-
lu smési pis¢itohlinitého materidlu i dal§ich balvani z poruchy.
Dochdzelo k zastaveni razby a pfed dal§im zabérem bylo nutné pro-
injektovat zavalenou ¢elbu cementovou maltou.

Od samého pocdtku bylo provadéno méfeni deformaci primérni-
ho osténi, které bylo v materidlu charakteru zeminy enormné nama-
hdno a posuny nékterych méfenych bodu dosdhly az 120 mm. Doslo
dokonce k popraskédni primdrniho osténi v délce tunelu cca 15 m.
Lokdln{ sanace zdeformovaného osténi byla provedena 56 ks IBO
kotev délky 6 m v rastru 1,2 x 1,2 m.

Skutecnost, Ze podminky pro raZzeni byly v pocatecnim tdseku
délky 90 m opravdu velmi nepfiznivé, potvrzuje i zkuSenost chor-
vatského sdruzeni z razby prvni tunelové roury, kdy doSlo na dvou
mistech k tdplnému zdvalu tunelu s vykominovdnim az na povrch
a k dil¢i destrukci primdrnfho osténi tunelu.

Mésicni postupy pfi razbé tunelu Ludice
bm poznamka

prosinec 2006 36 razba v zeminé, technologicka

trida V(soil)

leden 2007 58 razba v zeminé + $térkové pole,
TT V(soil)

unor 2007 13 + uzaviranidna TT V; TTVb

brezen 2007 112 TT IVb; TT I'Va

duben 2007 92 + spojka ¢. 1 TT V; TT IVb; TT IVa; TT III

kvéten 2007 120
cerven 2007 120 + spojka ¢. 2
celkem bm 551

TT V; TT IVb; TT IVa; TT III
TT V; TT IVb; TT IVa; TT III
TT V; TT IVb; TT IVa; TT III

Postupy v prvnich tfech mésicich byly ovlivnény tim, Ze priporta-

lovy tsek byl razen v horninovém prostfedi charakteru zemin
s velkym obsahem robustnich balvana.

Rozdily v zatfidéni do technologickych tiid NRTM

predpoklad skutec¢nost chybovy rozdil v %
[m] [%] [m] [%] [m] [%]
TT II 9 2 0 0 -9 -1,6
TT III 113 20 88 16 25 -4,5
TT IV 259 47 321 58 62 +11,3
TTV 170 31 142 26 -28 -5,0
celkem 551 100 551 100

Prostiedi, ve kterém razba probihala, bylo zatfidovano do techno-
logickych tfid (TT) podle geotechnickych vlastnosti pro razbu,
pficemz kazdd TT méla projektem presné stanovenou skladbu

17. rocnik - €. 1/2008

started to take effect before and the end of weekends, when the blas-
ting operations were banned on Friday and Sunday afternoon and
evening because of the intensity of traffic to the sea and from the sea
was significantly higher at those times. No blasting operations were
allowed during public holidays. Seismic measurements were conduc-
ted in the operating tunnel tube during each blasting event. The peak
particle velocity of 50mm/s which was permitted was never reached.

The tunnel excavation itself started at the beginning of 2006, from
the cut-and-cover section at the Rijeka portal. When the excavation
had left the section which was provided by the pre-support, problems
following from the setting of the route in the geological fault started to
emerge. A series of partial cave-ins called for immediate filling of the
overbreaks. As a result, the excavation advance rate was reduced. At
that time, the tunnel was excavated in the sequence where the advan-
ce of the top heading face ahead of the side-wall drifts corresponded
to the reach of the tunnel excavator shovel. The drill-and-blast techni-
que was then used only locally, for the disintegration of large boulders
(2 to 3m), which were scattered in the soil. It frequently happened that
a chain reaction started to develop during a boulder removing operati-
on and, as a result, the tunnel top heading was filled with a sandy-
loamy material and other boulders from the slope wash zone. The
excavation had to be interrupted and the collapsed face had to be grou-
ted with cement mortar prior to the subsequent excavation advance.

The deformations of the primary lining were measured from the
very beginning. The loads acting on the lining were extremely high in
the material having the nature of soil, therefore the displacement of
some measurement points reached up to 120mm. The primary lining
even displayed cracking within a tunnel length of about 15m. The
deformed lining was locally stabilised by 56 pieces of 6m long IBO
anchors, which were installed on a 1.2 x 1.2m grid.

The fact that the excavation conditions were really very unfavou-
rable throughout the length of the initial 90m is, in addition, confirmed
by the experience which was obtained by the Croatian joint-venture
during the excavation of the first tunnel tube, where two “daylight”
collapses happened and the primary lining of the tunnel was partly
damaged.

Monthly advance rates during the Lucice tunnel excavation

m Note

December 2006 36 excavation trough soil,

NATM excavation

support class V

excavation trough soil +
gravel field, NATM class V

13 + closing invert NATM class V; NATM class Vb
NATM class IVb; NATM class

IVa

January 2007 58

February 2007
March 2007 112

Obr. 4 Dil¢i odtéZeni Eelby pod klenbou kaloty zabezpecované IBO kotvami
Fig. 4 Partial excavation of the face under the top heading vault, which was
supported by IBO anchors
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Obr. 5 ZastiZené krasové jevy s nevyplnénymi dutinami v pevnéjsich polo-
hdch dolomitu

Fig. 5 Karst phenomena with unfilled cavities which were encountered in
harder dolomite layers

osténi. Napf. v TT IVa, a TT III jiZ nebylo navrZeno pouZiti ocelo-
vych piihradovych rdmu. Nejvyznamnéj$im rozporem v zatiidén{
TT byla vSak skute¢nost, Ze projektovy ndvrh zajisSténi vyrubu v TT
V uvazoval s postupem a zajisténim vyrubu jako v doCasné stabil-
nim zvétralém horninovém prostiedi.

Po zdoldn{ ivodnich 90 metra raZby se geologické poméry vylep-
Sily natolik, ze cely dal§i prubéh razby probéhl relativné
v ocekdvanych podminkach. Vyjimkami byly ob¢asné anomadlie ve
formé& krasovych ttvard zaplnénych zeminou plné nebo zldsti.
Nekteré podzemni prostory ¢i nevyplnéné pukliny byly v trase tune-
lu dlouhé fadové desitky metrii a mély objem desitky m3. V Zddném
pripadé jsme nezastihli jeskyni velkou tak jako chorvatskd firma
Viadukt v sousednim relativné krdatkém 260 m dlouhém tunelu
Vrata, kde razbou zastizend prazdnd podzemni prostora méla roz-
méry cca 30 x 40 x 60 m. Jeji velikost byla tedy takovd, Ze by se do
ni pohodIné vesel i nékolikapatrovy dum. Pfitom prvni tunelovou
troubou nebyla tato jeskyné zachycena vabec. Chorvatsti projektan-
ti se spole¢né s investorem stavby dohodli na tom, Ze vyslednym
feSenim bude most vybudovany v prostoru této jeskyné.

STROJNI SESTAVA

Razba tunelu Ludice byla provadéna klasickou strojni sestavou
pro NRTM:

e beztrhavinové rozpojovani tunelbagrem Liebherr 932;

¢ nakladan{ rubaniny nakladacem Volvo 120;

e doprava rubaniny dumpery Volvo 25;

o stitkany beton pevnosti C 25/30 mokrym zpusobem strojem
Meyco Potenza;

e vrtaci prdace na Celbé a vrty pro osazovéni kotev strojem Atlas
Copco Boomer L2C;

e stavba rdmu a montdz siti primdrniho osténi strojem Atlas
Copco DC 16 — HL.

DEFINITIVNI OSTENI

Na zédkladé vyhodnoceni geomonitoringu pri razbé stanovil pro-
jektant tunelu dseky s definitivnim osténim Zelezobetonovym
a monolitickym z prostého betonu. K vyarmovani osténi byly kromé
obou portdlovych dseka uréeny &4sti tunelu, kde byla zastizena TT
V, mista kfiZeni hlavniho tunelu se spojovacimi chodbami, mista,
kde se pfi razbé vyskytly vy$si deformace primadrniho osténi, mista
prichodu dolomity s krasovymi jevy a mista, kde se pozdéji defini-
tivn{ osténi zatiZi technologickym provoznim zafizenim (napf. ven-
tildtory). Timto rozhodnutim o mistech ur¢enych k vyarmovani bylo
mozné uSetfit na finan¢ni ndro¢nosti findlniho betonového osténi.
Kvalita betonu definitivniho osténi byla C 25/30, tlouStka 30 cm.
Velmi kvalitni tunelové bednéni vletné vyklenkd bylo doddno
rakouskou firmou Ostu Stettin.

Hydroizola¢ni vrstva tunelu byla realizovdna po obvodu horni
klenby definitivniho osténi. Na obou koncich izola¢ni félie byla
osazena drendzni trubka PVC o @ 150 mm, kterd by pripadnou sté-

Tuel

April 2007 92 + cross passage NATM class V;
No. 1 NATM class IVb; NATM class
IVa; NATM class III
May 2007 120 NATM class V; NATM class
IVb; NATM class IVa; NATM
class ITI
June 2007 120 + cross passage NATM class V;
No. 2 NATM class IVb; NATM class
IVa; NATM class III
Total m 551 NATM class V; NATM class

IVb; NATM class IVa; NATM
class 111

The advance rates were affected in the initial three months by the
fact that the portal section of the excavation passed through the ground
environment having the nature of soil with a high content of robust
boulders.

Differences in the determination of the NATM
excavation support classes

assumption reality error - difference %
[m] [%] [m] [%] [m] [%]

class I1 9 2 0 0 -9 -1.6

class III 113 20 88 16 -25 -4.5

class IV 259 47 321 58 62 +11.3
class V 170 31 142 26 -28 -5.0

Total 551 100 551 100

The environment through which the excavation passed was assigned
respective NATM excavation support classes according to geotechni-
cal properties relevant to the excavation, where the particular compo-
sition of the lining was specified for each of the classes by the design.
For example, lattice girders were not required for the NATM classes
IVa and III. The most significant discrepancy in terms of the NATM
classification was the fact that the excavation round length and exca-
vation support design for the excavation support in the case of the
NATM class V was designed for temporarily stable, weathered rock
environment.

Once the initial 90m of the tunnel excavation had been completed,
the geological conditions improved so much that the entire remaining
excavation was carried out relatively in the anticipated conditions. The
only exceptions were infrequent anomalies in the form of karst caviti-
es filled fully or partially with soil. Some underground spaces or unfil-
led fissures followed the tunnel route throughout the lengths in the
order of even tens of meters; their volume was even tens of cubic
meters. We never encountered so large a cave as that which was
encountered by Croatian company Viadukt on the neighbouring, rela-
tively short (260m long) Vrata tunnel, where the dimensions of the
empty cavern which was encountered during the excavation of the
second tube were 30 x 40 x 60 m. The dimensions were sufficient for
a multi-storey building to be accommodated in it. It was interesting
that the drive of the first tunnel tube had encountered no part of this
cavern. Croatian designers, together with the employer, decided that
the final solution would consist of a bridge, which will be built in the
cavern.

TUNNELLING EQUIPMENT

The Lucice tunnel was driven by a set of equipment which is tradi-
tional for the NATM:

e blast-less disintegration by a Liebherr 932 tunnel excavator

e muck loading by a Volvo 120 loader

e muck hauling by Volvo 25 dumpers

e C25/30-grade shotcrete application using the wet process, by
a Meyco Potenz machine

e drilling for the face blasting and for anchors by an Atlas Copco
Boomer L2C drill rig,

o erection of lattice girders and placement of mesh for the primary
lining by an Atlas Copco DC 16 — HL machine.




Obr. 6 Obrovskd krasovd kaverna v soubézné budovaném tunelu Vrata, v niz
bude vybudovdn most o délce 47 metri

Fig. 6 The immense karst cavern in the concurrently built Vrata tunnel, in
which a 47m long bridge will be built

kajici vodu odvddéla ve spadu tunelu. Hydroizolace se sklddala
z ochranné vrstvy a izolaéni PVC f6lie tloustky 2 mm. Ochrannd
vrstva méla tlouStku 5 mm a gramédz 500 g/m2. Pozadavky na jeji
nehoflavost vetné podkrodeni stanovenych parametru na vyvin
jedovatych vypart a koufe musely byt doloZeny.

Na tunelu Lucice provddéla montdZz i dodavku izolace nevidanym
tempem rakouskd firma Strabag pouze dvéma pracovniky k nasi
naprosté spokojenosti. Tito dva pracovnici montovali pfi cca deseti-
hodinové sméné 1,5 sekce izolace (délka sekce 12 m). Pokud se
v sekei vyskytly atypické prvky jako napf. vyklenky, klesl jejich
vykon na droven 1 sekce. Nutno fici, Ze méli pfipravované idedlni
podminky pro préci, ale i tak je to vykon hodny obdivu.

Armatura definitivniho osténi byla naprojektovana bez uvazeni
vlastn{ védhy, Ze kdyby firma, kterd montdzn{ prace provéddéla, nedo-
dala doplnujici vzpéry ve tfech radach na kazdé strané (které vsak
nebyly soucdsti projektu), klesla by montovand konstrukce ve stro-
pé tak, Ze by pod ni nebylo moZzno najet formou.

TUNELOVE VYKLENKY

V definitivnim osténi bylo tfeba vybetonovat tunelové vyklenky.
Slouzi k umisténi raznych zafizeni (rozvadée ventilace, rozvddéce
osvétleni, hasicich pristroji). Nékterd zafizeni jsou pro priipad
véale¢ného konfliktu navrZena k zavaleni tunelu. Téchto "véle¢nych
vyklenku" je v tunelu dlouhém necelych 600 m celkem 14 kusu,
téch ostatnich pak 17 kusu. Tento poCet znamenal relativné velké
Casové zdrzenf{ pri pfipravé i provadéni betonarskych praci.
ZAVER

Metrostav a. s. — divize 5 na vystavbé tunelu Ludice vyuzila své
rutinni zkuSenosti ziskané na stavbiach podobného typu doma
i v zahrani¢i. Kolektiv pracovniku ziskal vSak i nové poznatky spo-
jené s razbou v horninovém prostiedi, se kterym se v Ceské repub-
lice dosud nesetkal. Jednalo se zejména o krasové jevy v délkach
fddu desitek centimetri az po nékolik desitek metri. Negativnim
pozndnim bylo, Ze pfi jednédni s partnery vystavby nékteré mistni
tunelarské ¢i stavebni ndvyky nebylo mozné opravit ¢i zménit ani
vahou logické argumentace ani expertnimi posudky.

ING. MILOSLAV ZELENKA, zelenka@metrostav.cz,
METROSTAYV a. s.
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FINAL LINING

Based on the assessment of the results of the geomonitoring
which was carried out during the course of the excavation, the
designer specified sections of the tunnel to be provided with rein-
forced concrete secondary lining and sections with cast-in-situ unre-
inforced concrete secondary lining. In addition to the portal secti-
ons, the sections where the reinforced concrete was to be used com-
prised the locations where the excavation class V had been determi-
ned, locations where the cross passages linked to the tunnel, locati-
ons where greater deformations of the primary lining had occurred
during the excavation, locations where karst phenomena existed in
the dolomites and locations where the final lining would be loaded
by tunnel equipment in the future (e.g. fans). The decision to use
reinforced concrete only in the above-mentioned sections allowed
the employer to reduce the financial demands of the final lining. The
quality of the final lining concrete was specified as the C 25/30
grade, while the required thickness was 30cm. Austrian company
Ostu Stettin supplied a high quality formwork set, including the
formwork for recesses.

The tunnel waterproofing layer was installed on the upper vault of
the final lining. PVC drainage pipes @150mm were laid at both ends
of the waterproofing membrane. The drains are intended to evacuate
contingent water in the direction of the falling gradient of the tunnel.
The waterproofing system consisted of protective fleece and a 2mm
thick PVC membrane. The 500g/m? fleece was Smm thick. The com-
pliance with the requirements for fire resistance, including the fact that
the parameters required in terms of the formation of poisonous exha-
lations and smoke were met had to be proven by documents.

The supply and installation of the waterproofing in the Lucice tun-
nel was carried out only by two workers of Austrian STRABAG. Their
performance was unprecedentedly fast and fully satisfactory for us.
The two workers applied one and a half of the waterproofing section
(12m long sections) during an approximately 10-hour shift. When
atypical elements existed in the section, for example recesses, their
performance rate was reduced to 1 section per shift. It must be noted
that the conditions which were prepared for their work were ideal;
nevertheless, their performance was admirable.

The calculation for the reinforcement of the final lining was carried
out without the consideration of the dead weight of the reinforcement.
If it had not been for the company which placed the reinforcement,
which erected three rows of additional braces on both sides of the tun-
nel (which had not been required by the design), the reinforcement
cage would have sunk in the crown and the travelling tunnel formwork
could not be under the cage.

TUNNEL NICHES

It was necessary to form recesses during the casting of the final
lining. The recesses are intended to accommodate various parts of the
equipment (ventilation switchboards, lighting switchboards, extingu-
ishers). Some parts of the equipment are designed to demolish the
tunnel in the case of a war conflict. There are 14 “wartime recesses”
in the nearly 600m long tunnel, whereas the number of the remaining
recesses is 17. The above-mentioned numbers of recesses meant rela-
tively significant delays during the concrete casting preparation and
execution.

CONCLUSION

At the construction of the Lucice tunnel, Division 5 of Metrostav
a.s. used its routine experience which its employees had obtained on
similar types of projects, both in the Czech Republic and abroad. The
construction team even gained new know-how associated with tunnel-
ling through a rock environment which they have not encountered in
the Czech Republic. It was, above all, the case of karst phenomena the
lengths of which ranged from tens of centimetres to several tens of
meters. One negative finding was that some local tunnelling or buil-
ding customs could not be changed by discussions with the parties
involved in the construction, even if logical arguments or expert opi-
nions were submitted.

ING. MILOSLAV ZELENKA, zelenka@metrostav.cz,
METROSTAY a.s.
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SLEDOVANI TUNELOVEHO OSTENI PRAZSKEHO METRA PRO
HODNOCENI JEHO TECHNICKEHO STAVU

MONITORING OF PRAGUE METRO TUNNEL LINING FOR
THE PURPOSE OF ASSESSING ITS TECHNICAL CONDITION

JAROMIR MACHACEK, MARTIN VANICEK, JAN PRUSKA

1. OvoD

V rdmci mezindrodniho projektu UNDERGROUND M3 je sledova-
no pretvéreni tunelového ostén{ standardnimi prvky sledovani pretvo-
feni konstrukce (na bdzi konvergenénich mérfeni), geofyzikdlnimi
metodami a miniaturnimi snimaci pretvoreni MEMS. Dile je oveérovén
systém bezdratového ddlkového méreni a prenosu dat z monitoringu
tunelu. Pro sledovan{ pretvareni tunelového osténi byl vybran profil na
trase prazského metra mezi stanicemi HoleSovice a Vltavskd, kolej 2
ve staniceni km 18,725. V tomto profilu jsou také v rdmci grantu GA
CR Reg. ¢. 103/06/1257 s ndzvem Vyzkum starnuti podzemnich sta-
veb s vyuZitim monitorovacich a mikroméficich systému mj. zkoumé-
ny moznosti spolehlivé indikace technického stavu soucdsti dynamic-
ky zatéZovanych stavebnich konstrukci. Tento vybrany profil tunelo-
vého osténi bude ndsledné numericky modelovdn pro vyhodnoceni
jeho starnuti. V prispévku jsou shrnuty dosavadni poznatky z mérent
a z nasazeni systému bezdratového méfeni a prenosu dat.

2. TRADICNI METODY MONITORINGU

Pro ovéfeni novych metod méfeni pretvoreni byla v predstihu pro-
vedena kontroln{ sledovani pretvéareni vybraného profilu tunelu pomo-
ci méfeni konvergence a ndklonu [1][2]. Na obr. 1, kde jsou uvedeny
schematicky polohy naklonomérnych desek a konvergen&nich bodu
pro ruéni méfeni je Cervenou elipsou vyznacena oblast systému trhlin
v Zelezobetonovém tubingu. Osazeni méfickych bodl je obtizné pro
silné zasitbvéni tunelu. Z duvodu zajisténi piistupu i do vrchliku klen-
by jsou meteni dosud provddéna ze soupravy s montdZnim vozem,
ktery je nutny pro postupné doplnovani instrumentaci. Méfeni pretva-
feni tunelového profilu je doprovdzeno mérenimi teploty a vlhkosti
vzduchu a povrchové teploty osténi.

3. GEOFYZIKALNIi METODY MONITORINGU
Tradi¢ni metody monitoringu popsané vyse byly pri sledovani cho-
véni tunelového osténi v metru doplnény dvéma metodami, jejichZ

Obr. 1 Polohy ndklonomérnych desek
Fig. 1 Positions of tiltmeter plates

1. INTRODUCTION

The international project UNDERGROUND M3 contains, among
others, a task of monitoring the tunnel lining deformations using stan-
dard elements of the monitoring of structural deformations (based on
convergence measurements), geophysical methods and miniature
MEMS deformation sensors. Further, it comprises the verification of
the system of wireless remote measurement and transmission of the
monitoring data. The profile at chainage km 18.725 of the Prague
metro between HoleSovice and Vltavska stations, rail #2, was selected
for the monitoring of tunnel lining deformations. In addition, this pro-
file is used, within the framework of the GA CR Reg. No. 103/06/1257
grant, titled “Examination of the ageing of underground structures
using monitoring and microelectromechanical measurement systems”,
for the examination of possibilities of reliable indication of the techni-
cal condition of the components of building structures which are expo-
sed to dynamic loading. The selected tunnel lining profile will be sub-
sequently modelled numerically for the purpose of the assessment of
the ageing of the lining. The paper contains a summary of the know-
ledge which has been gathered till now by means of the measurements
and the experience gained during the use of the wireless measurement
and data transmission system.

2. TRADITIONAL MONITORING METHODS

With the aim of verifying new deformation measurement methods,
the check monitoring of deformations of the selected profile was con-
ducted in advance, by means of convergence and tilt measurements
[1][2]. An area containing a system of cracks in a reinforced concrete
lining segment is shown in Figure 1, where the positions of tiltmeter
plates and convergence points for manual measurements are marked
by a red ellipse. The installation of measurement points is difficult due
to the existence of a dense utility network in the tunnel. The measure-
ments have been carried out using a scaffold car, which makes the
access to the crown of the vault possible and is needed when new
instruments are to be gradually added. The measurement of tunnel pro-
file deformations is carried out together with the measurement of the
air temperature and humidity and surface temperature of the lining.

3. GEOPHYSICAL MONITORING METHODS

The above-mentioned traditional monitoring methods were comple-
mented by two methods the application of which is required to provi-
de other comparative material documenting the structural condition of
the precast lining segments which were selected for monitoring pur-
poses. The diagnostics is performed by means of the studying of the
development (with time) of dynamic parameters of the response of the
structure to the working load and parameters of propagation of waves
through the lining segments being tested.

This diagnostic methodology should, at the same time, allow reaso-
nably correct estimation of the current fatigue level, in view of the resi-
dual life time of the structure. It must be of non-destructive nature and
the collection of data must not require any disruption of operation or
removal of the segments to be tested from the lining. Because it usu-
ally cannot be expected that the calculation parameters regarding the
installed construction segment which are needed for a standard fatigue
analysis will be available (let alone the conditions of interaction with
other parts of the structure and with the surrounding environment), the
initial condition existing at the beginning of the measurements should

be taken as the initial reference material.
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aplikace si klade za cil poskytnout dalsi komparativni material doku-
mentujici stavebni stav sledovanych prefabrikatd osténi. Popisované
prace jsou také soucdsti vyvoje jednoduché a spolehlivé metody indi-
kace technického stavu komponent dynamicky zatéZovanych staveb-
nich konstrukci. K diagnostice se vyuZzivd studia casového vyvoje
dynamickych parametri odezvy konstrukce na provozni zatiZeni
a parametra $ifeni pruznych vinéni v jejich testovanych dilcich.

Tato diagnostickd metodika by méla soucasné umoznit primérené
korektni odhad aktudlntho dnavového stadia vzhledem ke zbytkové
Zivotnosti konstrukce, musi byt nedestruktivni povahy a sbér dat nesmi
vyZadovat preruSeni provozu a demontdZ testovanych dilcu. Protoze
zpravidla nelze ocekdvat, Ze u instalovaného stavebniho dilce budou
k dispozici potrebné vypocetni parametry ke standardnimu tinavové-
mu vypoctu (nehledé k podminkdm interakce s ostatnimi ¢astmi kon-
strukce a také s obklopujicim prostfedim), mél by byt vychozim srov-
ndvacim materidlem pocdte¢ni stav pfi zahdjeni méfeni.

V pripadé sledovéni ¢asovych zmén dynamického chovdni dilce
osténi tunelu pfi provoznim zatiZeni, generovaném piejezdy vlako-
vych souprav podzemni dréhy, se v podstaté jednd o sledovani zmén
v asovych pribézich deformaci, frekven¢nich spekter a parametri
utlumu odezvy pfi dynamickém buzenf; v pfipadé monitorovani ¢aso-
vého rozvoje poruch dilci pomoci studia parametra $ifeni pruznych
vInéni v jejich télesech se jednd o seismickd (akustickd) méfeni rych-
losti, absorpce a ttlumu podélnych i pri¢nych vin.

7 duavodu komplikaci, oekdvanych v provoznich tunelech metra
v souvislosti se silnymi ruSivymi elektrickymi a elektromagnetickymi
poli, byla pro tvodni méfeni zvolena varianta pozorovaciho bodu,
vybaveného elektrodynamickym snimacem (geofonem). Snimac je
stabilizovdn v osténi tunelu a propojen kabelovym vedenim
s technickymi prostory stanice.

V osténi tunelu byly na popisovaném profilu instalovany 2 geofony,
a to jeden na dilci s makroskopickym porusenim trhlinami (G1) a druhy
na sousednim dilci bez makroskopickych poruch (referen¢ni geofon
G2). Jsou umistény pod vrchliky tunelovych kleneb. Osy jejich kmita-
cich systému jsou orientovdny kolmo k povrchu monitorovanych pre-
fabrikdtu, takZe registruji normalové slozky hmotovych rychlosti. Ve
vyvrtech v osténi tunelu jsou geofony fixovany silikonovym tmelem.

Vystupni napéti ze snimacl vibraci je v inicidln{ fdzi praci vedeno
v analogovém rezimu do technickych prostor stanice Nadrazi
Hole3ovice pétizilngm kabelem délky 350 m. Kazdy z 5 vodi¢i md
vlastn{ stinéni, které je zemnéno v jednom bodu (ve skiince zakonce-
ni kabelu). Vzhledem k symetrickému vystupu geofont a z divodu
maximdlni separace ruSivych poli provoznich zafizeni nejsou stinéni
vyuzita k pfenosu metrenych dat.

Sbér dat (¢asové snimkovani odezvy monitorovanych prefabrikdt
na prejezdy vlakovych souprav metra monitorovacim profilem) probi-
hd ve viceméné pravidelnych mési¢nich intervalech. Casové zdznamy
jsou vyhodnocovany pomoci metod matematické statistiky (standard-
ni parametry, tfidéni, korelace) v ¢asové i frekvenéni oblasti s cilem
nalézt vhodnou skupinu veli¢in detekujicich spolehlivé aktudlni sta-
vebni stav osténi. Vysledky vyhodnoceni normovanych frekvenénich
spekter, ziskanych na popsaném zafizeni za obdobi tnor az Cervenec
2007, demonstruje obrazek 3. Promény spekter vinového obrazu, které
by bylo mozZno interpretovat jako zjevny rozvoj poruseni pozorované-
ho dilce, nejsou zde zretelné patrné.

_ |
Frekvence (Hz/100)
Frequency (Hz/100)

Pocet dni uplynulych po 1. 1.2007 (/100)
Number of days which passed after
1. 1.2007 (/100)

Normované amplitudy (j)

Standard amplitudes (j)

Obr. 3 éasovj vyvoj normovaného frekvencniho spektra odezvy poruseného
dilce osténi tunelu (pdsmo 2 — 120Hz)

Fig. 3 Development of the standardised frequency spectrum of the damaged
tunnel lining segment with time
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G1 monitorovaci elektrodynamicky snima¢ — G1 monitoring electrodynamic sensor

G2 identicky snima¢ pro ziskani komparativnich dat

— G2 identical sensor collecting comparative data

A pole bodu pro akustické vzorkovani — A field of acoustic-sampling points

B nédklonomérnd deska — B tiltmeter plate

C stabilizovany bod pro konvergen&ni méfeni — C convergence measurement stabilised point

Obr. 2 Instalace zafizeni, zajistujiciho sber dat pro popisované komparativni
metody

Fig. 2 Installation of the instrumentation providing the data collection for
the comparison methods in question

The case of the monitoring of time-dependent changes in the dyna-
mic behaviour of a tunnel lining segment which is exposed to working
loads generated by metro trains passing along is, in substance, the case
of the monitoring of changes in time-deformation curves, frequency
spectra and parameters of the attenuation of response in the case of
dynamic excitation; the case of the monitoring of the development of
failures of segments by means of the studying of parameters of propa-
gation of elastic waves through the segments is the case of seismic
(acoustic) measurements of velocities, absorption and attenuation of
longitudinal and transverse waves.

With respect to the complications which were expected to be
encountered in the operating metro tunnels due to interference caused
by strong electric and electromagnetic fields, the variant which was
selected for the initial measurements comprised a monitoring point
which was equipped with an electrodynamic sensor (geophone). The
sensor is fixed in the tunnel lining and connected with the technical
areas in the station by cable lines.

Two geophones were installed in the tunnel lining in the above-men-
tioned profile: one on a segment which was damaged by microscopic
cracks (G1) and the other on a neighbouring segment, which was wit-
hout macroscopic defects (the reference geophone G2). They are loca-
ted under the crowns of the tunnel vaults. The axes of their oscillation
systems are perpendicular to the surface of the segments which are
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Obr. 4 Sumace (integrace) normovanych spekter odezvy konstrukénich dilcu
osténi tunelu

Fig. 4 Summation (integration) of standardised frequency spectra of structural
parts of tunnel lining
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Obr. 4 uvadi vysledky integrace (sumace amplitud) normovanych
frekvencnich spekter odezvy, ziskanych snimaci v poruSeném (A —
geofon G1) i neporuseném (B — geofon G2) dilci osténi (viz obr. 2).

Na tomto obrédzku jsou Casové zmény sumovanych spekter odezvy
poruseného dilce osténi pozorovatelné zietelné; protoZe je vSak jedno-
znatné kopiruje i ¢asovy vyvoj ve spektrech ziskanych na snimaci
umisténém v sousednim dilci bez makroskopickych zndmek porusent,
1ze je interpretovat jako projevy Casovych zmén klimatu (teploty, vlh-
kosti a tlaku) v tunelové troubé.

Druhou projektovanou metodikou, kterd by méla poskytnout kom-
parativni materidl k vysledkim sledovéni rozvoje materidlovych
poruch mikrosnimadi jejich aktivity a ke korelacim s vysledky méfeni
dynamickych, jsou méfeni akustickd, aplikovand na poruseném pre-
fabrikétu osténi tunelu v monitorovacim profilu. Tato méfenf jsou rea-
lizovana v pevné siti bodu, tvorené celkem 16 body ve ¢tyfech faddch
a Ctyfech sloupcich vzddlenych vzdjemné cca 20 cm (obr. 2). Méren{
byla zahdjena aZ po dokonceni vSech pldnovanych instalaci, zasahuji-
cich do bodového pole, ale prozatim nenf k dispozici dostatek vysled-
ku pro vyhodnoceni.

4. BEZDRATOVE MERENI A PRENOS DAT

Pfi vybéru vhodné platformy pro bezdritovy sbér dat jsme spolupra-
covali s univerzitou v Cambridge, kde s touto problematikou maji dels{
zkuSenosti. Na vybér bylo nékolik alternativ. Pfednost jsme dali bez-
dritové technologii v nelicencovaném pdsmu na platformé ZigBee,
kterd funguje na Cipech Intel. Ucelené feSeni bezdratového sbéru dat od
jednotlivych méficich boda, na nichZ lze pripojit jak analogové, tak
i digitdlni méfici pristroje, je doddvédno spoleCnosti Crossbow. Vie je
jen otdzkou spojeni odpovidajicich &ipu (rozhrani) pro sbér dat s ipem
pro bezdratovou komunikaci, spole¢né nazyvanych méfi¢ské body bez-
dratové sité. Srdcem celého systému je miniaturni pocita¢, ktery pracu-
je pod operaénim systémem Linux, a ktery je zdroven i zdkladnim
bodem bezdratové sité ZigBee. Tato brana slouZi téZ k tschové nasbi-
ranych dat pred jejich odesldnim do kancelére. Jednotlivé body sité je
tfeba pred jejich nasazenim pro konkrétni méfici situaci naprogramovat
v zévislosti na jejich pozici v siti a typ pfipojeného méficiho pristroje.

Jednou z nejdulezitéjSich véci pri tvorbé bezdraitové sité je spravné
nastaveni vzddlenosti mezi jednotlivymi body, aby nedochdzelo
k vypadkum komunikace. Nebot body, které jsou vzdaleny vice nez je
dosah komunikace od brény, se s touto spojuji pres jiné body sité
a takto mohou ,,skakat* pres velké mnoZstvi dalSich bodu sité. Ve vol-
ném prostoru je dosah sité vétsi neZ v zastavéném dzemi a je§té mensi
je v tunelu. Z tohoto divodu byla nejprve vybudovéna testovaci sit’
méficich bodu v metru, kde se ovéfuje maximdlni moZnd vzdédlenost
jednotlivych bodu bezdréitové sité, aby byla zachovana jeji spolehli-
vost a redundance. Z naSeho ovéfovaciho systému bylo uréeno, Ze
optimdlni pro spolehlivost sit¢ a zajisténi prenosu dat podél osy tune-
lu je maximdlni vzdélenost bodu asi 15 m a s ohledem na spolehlivost
je potieba umistit vZdy v takovémto profilu tfi body site.

Asi zde nemusime zduraziovat, Ze pred nasazenim systému pro
vlastni méfeni je tfeba provést kalibraci jednotlivych pfipojenych pii-
stroju ke konkrétnim bodim sité a tyto kalibrace zanést do databéze,
kterd bude zpracovévat data prichdzejici z méreni, aby bylo mozné
spravné identifikovat jednotlivé méfici body a mérené veliCiny. S tim
souvis{ i spradvné naprogramovéni jednotlivych bodu sité, jak jiZ bylo
zminéno vyse.

Z vyse uvedeného je tedy jasné, Ze pred vlastn{ instalaci méfici site je
tfeba provést jeji vyzkousen{ v laboratofi, kde si ovéfime, Ze vSechny

(i)

Obr. 5 Zdkladni deska bezdrdtového bodu (i) a mériciho obvodu s A/D
prevodnikem (ii)

Fig. 5 Basic board of a wireless point (i) and a measurement circuit with an
A/D converter (ii)
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being monitored, therefore they register normal components of the
particle velocities. The geophones are fixed in boreholes in the tunnel
lining with a silicone sealant.

The output voltage from vibration sensors is led, in the initial phase
in the analog mode, by a 350m long, five-conductor cable to technical
areas in Nddrazi HoleSovice station. Each of the five conductors has its
own screening, which is connected to earth in a single point (in the
cable termination box). With respect to the symmetric output of the
geophones and with the aim of achieving maximum separation of the
spurious fields produced by the tunnel equipment, the screenings are
not used for the transmission of the measured data.

The data collection (the continuous recording of the response of the
monitored segments to passage of trains through the monitoring profi-
le) is carried out in more or less regular intervals of one month. The
records are assessed by methods of mathematical statistics (standard
parameters, classification, correlation) in both the time and frequency
domains, with the aim of finding a suitable group of physical parame-
ters which reliably detect the current structural condition of the lining.
The results of the assessment of standardised frequency spectra which
were obtained by the above-mentioned instrument during February
through July 2007 are shown in Figure 3. The changes in the wave pat-
tern spectra which could be interpreted as obvious development of
deterioration of the monitored segment are not clearly detectable in the
picture.

Figure 4 presents the results of integration (amplitude summation)
of the standardised frequency spectra of the response which were obta-
ined by sensors in the damaged lining segment (A — geophone G1) and
undamaged segment (B — Geophone G2) (see Fig. 2).

The time-dependent changes in the summed spectra of the deterio-
rated segment response are clearly detectable in this picture. However,
because they are unambiguously copied by the development of the
spectra obtained from the sensor installed in the neighbouring segment
which is without macroscopic signs of deterioration, the changes can
be interpreted as manifestations of changes in the climate (temperatu-
re, humidity and pressure) in the tunnel tube with time.

The other method which is required by the design consists of acous-
tic measurements applied to the deteriorated tunnel lining segment
found in the monitoring profile. It is intended to provide data which
can be compared with the results of the monitoring of the development
of material deterioration by means of the micro-sensors and by corre-
lated with the results of dynamic measurements. The measurements
are carried out on a fixed network of 16 points, which are arranged in
4 horizontal lines and four vertical lines, spaced at about 20cm (see
Fig. 2). The measurements started when the installation of all planned
equipment touching the field containing the points had been comple-
ted. The amount of data which has been obtained to date by the mea-
surements is not sufficient for the assessment.

4. WIRELESS DATA MEASUREMENT AND TRANSMISSION

When we were selecting a suitable platform for the wireless data
collection, we collaborated with the University of Cambridge, where
they had longer experience with this problem. There were several
alternatives available. We preferred a wireless technology within
a non-licensed range, based on the ZigBee platform, which uses Intel
chips. A comprehensive solution of wireless data collection from indi-
vidual measurement points at which both analog and digital measure-
ment devices can be connected is provided by Crossbow company.
Everything is only an issue of the connections of respective data col-
lection chips (interfaces) with a wireless communication chip, which
are jointly called the measurement points of a wireless network. The
heart of the entire system is a miniature computer, which works under
the Linux operating system and which is, at the same time, the basic
point of the ZigBee wireless network. In addition, this gate is used for
the storage of the collected data before the transmission to the office.
Individual points of the network must be programmed before the
installation in a particular measurement situation, depending on their
location on the network and the type of the measurement device to be
connected.

One of the most important things in the process of the development
of a wireless network is the proper setting of the distances between
individual points so that no communication breakdowns occur. The
reason is the fact that the points which are at a distance greater than the
reach of the communication from the gate make contact with this gate
via other points of the network, thus they may ‘skip around’, via
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Obr. 6 Instalace bezdrdtového meériciho bodu v praZském metru
Fig. 6 Installation of a wireless measurement point in the Prague metro

meéfici pristroje a body sité pracuji tak, jak maji, a preddvaji ty spravné
informace. BohuZel v laboratofi nelze nasimulovat polni podminky
a tim i pfesnou topologii sité. Z tohoto duvodu existuje jednoduchy pro-
gram, ktery umoznuje sledovat vytvoreni bezdrétové sité prfimo na misté
instalace, a tim si ovéfit jeji funkénost v konkrétni topologii.

Zejména v tunelu, kde je pristup ¢asové omezen na obdobi vyluky,
je treba mit velice presné napldnovanu implementaci monitorovaci sité
s dostate¢nou Casovou rezervou na pripadné odladéni a odstranéni pri-
padnych problému. V opa¢ném piipadé by bylo tieba provést opako-
vané ndvstévy mista monitoringu pro odstranén{ problému.

V soucasné dobé je zkuSebni bezdrdtova sit’ fungujici v metru odla-
déna pro spravny sbér dat, pouze se monitoruje vydrZ baterii
v zévislosti na etnosti méfeni a vzdélenosti boda od brany systému.

Zatim je jedinou nevyhodou systému zdvislost brany na permanent-
nim zdroji energie (musi byt pordd v zdsuvce). Pravé z tohoto divodu
se Vv ramci jiZz zminéného mezindrodniho projektu uvaZuje
0 moznostech jak ziskdvat energii z alternativnich zdroju, tak aby byl
cely systém energeticky nezdvisly. Tedy aby nebylo tfeba pravidelné
vyménovat baterie u méfi¢skych boda, ale ani nemit poZadavek na
zdroj napdjeni u brany systému. BohuZel toto feSeni je jeSt¢ hudbou
budoucnosti.

Prenosem dat v tomto smyslu se mysli pfenos naméfenych
a sebranych dat z centrdlniho mista méfeni (brdny) do kanceldre
k dal§imu zpracovani, vyhodnoceni. V soucasné dob¢ je tento prenos
realizovan na platformé mobilnich telefoni — GSM/GPRS. Vyhodou
této technologie je jeji relativné dobré pokryti naseho izemd, jeho rela-
tivné nizkd cena a hlavné masovost vyuziti. V naSem konkrétnim pii-
padé je tato technologie mirné problemati¢téjsi, nebot’ signdlem GSM
jsou pokryty pouze stanice metra, kdezZto tunely jen v kratkych vzda-
lenostech od stanic, kam dosahuje dostate¢né kvalitni signdl pro GPRS
komunikaci ze stanic (max. 50 m). Tato limitujici podminka jasné defi-
nuje maximdln{ vzddlenost brany od stanice, a tudiZ pfi pozadavku na
méfeni ve vE§{ vzdélenosti od stanice je tfeba vybudovat rozsdhlejsi
bezdritovou sit, aby mohla byt prenesena naméfend data od mista
méfeni k bran€. AvSak existuji pldny mobilnich operdtora na rozsiten{
jejich siti i do tuneltl metra a pak bude tento problém eliminovdn, takze
volba této technologie je volba pro budoucnost.

V soucasné dobé je GPRS prenos dat provddén prostiednictvim rou-
teru Linksys, ktery umoZnuje pripojit lokdlni sit, at’ jiz metalickou
(LAN), ¢i bezdratovou (Wi-Fi) k internetu prostrednictvim GPRS
technologie. Do budoucna se uvazuje o pripojeni GPRS modemu
piimo k brdné bezdritové (ZigBee) méfici site.

Pravé kvalita GSM signdlu v tunelu metra ndm zpusobuje urcité pro-
blémy s prenosem dat a spravou méfici bezdrdtové sité z kanceldre.
Dal$im problémem, se kterym se potykdme, je udrZzeni navdzaného
GPRS spojeni, nebot' mobiln{ operdtori ukonéi spojeni automaticky pri
delsi necinnosti spojeni, coZ je téZ spojeno s problémem horsi kvality
GSM signdlu. Z tohoto divodu v soucasné dobé testujeme ruzné meto-
dy udrZeni spojen{ a zaroven minimalizaci pfenosu nepotfebnych dat.
Jednou z testovanych variant je nepretrzity ,,PING“, ktery testuje, zda
je dany server pfipojen k internetu. A je tato metoda jedna
z nejlepsich pro udrZen{ spojenti, je zdroven velmi ndro¢nd na prenos
dat (mési¢n€ kolem 100MB).

Dal8im problémem spojenym s ddlkovou spravou je fakt, Ze mobil-
ni pfipojeni nemd prifazenu vefejnou IP adresu, ale adresu privatni za
firewalem, a tudiZ pfimo nepfistupnou z internetu. Tento problém vSak

17. rocnik - €. 1/2008

a great number of other points of the network. In free space, the reach
of the network is longer than in a built-up area and it is even shorter in
a tunnel. For that reason a trial network of measurement points was
first built in the metro, where the maximum possible distance between
individual points of the wireless network for which the reliability and
redundancy of the network is still maintained is being verified. Our tri-
als resulted in the finding that the optimum maximum distance, in
terms of the network reliability and data transmission along the tunnel
route, is about 15m; three points of the network should always be
installed in each measurement profile.

We probably do not have to stress the fact that individual devices
which are connected to particular points of the network must be cali-
brated before the system is used for measurements. The calibration
must be entered into the database which will process the data provided
by the measurements so that the proper identification of individual
measurement points and measured quantities is possible. The above-
mentioned correct programming of individual points of the network is
also related to this process.

It therefore clearly follows from the above text that the measurement
network must be tested out in a laboratory before it is installed in situ.
We must verify whether all measurement devices and network points
work properly and pass correct information. Unfortunately, field con-
ditions, thus also the exact topology of the network, cannot be simula-
ted in a laboratory. This is the reason why a simple program exists
which makes it possible for us to monitor the creation of the wireless
network directly in the location of the installation and verify its func-
tionality in the particular topology.

The implementation of a monitoring network must be very precise-
ly planned, above all in a tunnel, where the time for the access is
restricted to track position times. There must be a sufficient time reser-
ve prepared for the debugging and fixing of problems if necessary. If
it is not available, it is necessary to visit the monitoring locations repe-
atedly to fix the problems.

The debugging of the trial wireless network operating in the metro,
which was performed with the aim of obtaining a correct collection of
data, has been completed; the only activity is the monitoring of the
duration of batteries, which is focused on the relationship between the
duration, the number of measurements performed and the distances of
the points from the system gate.

The only disadvantage of the system is, for the time being, the
dependence of the gate on permanent power supply (the system must
be permanently plugged in). This is the reason why the possibility of
the application of alternative power sources, which would make the
system non-volatile, is under consideration, in the framework of the
above-mentioned international project. Thus the necessity for regular
replacement of batteries in the measurement points or installation of
a power source at the system gate would be avoided. Unfortunately,
this solution cannot be expected any soon.

The meaning of the term “data transmission” is, in this case, the tran-
sition of the measured and collected data from the central measurement
station (the gate) to the office for the purpose of further processing and
assessment. Today, this transmission is provided on the basis of mobile
telephones - GSM/GPRS. The advantage of this technology is the rela-
tively good coverage of the area of the Czech Republic, relatively low
cost and, above all, the mass use of the system. In our particular case,
this technology is slightly problematic because of the fact that only
metro stations are covered by the GSM signal, while only short secti-
ons of tunnels adjacent to stations, where sufficiently good quality sig-
nal can reach from the stations (a maximum of 50m), have the covera-
ge. This limiting condition clearly defines the maximum distance of
a gate from a station; therefore, if the measurements are to be conduc-
ted at a greater distance from the station, a more extensive wireless net-
work must be built so that the measured data can be transmitted from
the measurement location to the gate. Although, mobile operators have
plans for the expansion of their networks even to metro tunnels; then
this problem will be eliminated; the decision to use this technology
today will mean great benefit in the future.

Currently the GPRS transmission is conducted through a Linksys
router, which allows the connection of a local network, either
a metallic one (LAN) or wireless (WI-Fi), to the Internet through the
GPRS technology. The GPRS modem connection directly to the gate
of the wireless (ZigBee) measurement network is under consideration
for the future.

The quality of the GSM signal in a tunnel is what causes certain pro-
blems with the data transmission and wireless network management
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Obr. 7 Brdna bezdrdtové sité s routerem implementujicim GPRS pristup
k internetu

Fig.7 A gate of a wireless network with a router implementing the GPRS
access to the Internet

byl jiz vyfeSen, a to prostfednictvim Linuxové aplikace ,Remote
reverse shell.

V soucasné dobé téZ implementujeme mozZnost automatického pre-
neseni naméfenych dat v ur¢itém Casovém intervalu, nebot’v soucasné
dobe je realizovéan prenos dat pouze pri vzdélené sprave.

5 ZAVER

V rdmci mezindrodniho grantového projektu byl vystrojen testovaci
profil tratového tunelu praZského metra pro ovéfovani mikrosnimacu
pretvoreni, ktery je dosud osazen standardnimi prvky méfeni pretvore-
ni osténi a jehoZ vystrojeni je ddle doplnovédno a rozvijeno podle
potieb projektu. Déle je tentyZ profil osazen monitorovacimi prvky pro
geofyzikdlni méfeni. Vysledky z geofyzikdlnich méfeni vykazuji dob-
rou citlivost méfeni, nebot’ Ize dobfe zaznamenat sezonni vlivy na
vysledky méfeni. Z publikovanych vysledku lze konstatovat, Ze nedo-
chazi ke znatelnému stdrnuti a degradaci osténi tunelu i pro tubing
s viditelnym poskozenim trhlinami. TaktéZ byl vybudovan systém pro
automaticky monitoring prostfednictvim bezdrdtového sbéru
a prenosu naméfenych dat. Tento systém je dnes doladovan na testo-
vaci instalaci v tunelu metra pro ostré nasazen{ pfi monitoringu star-
nuti podzemnich staveb nejen v Praze, ale i v zahrani¢i. Tento systém
se ukdzal jako progresivni, ktery vyuZivd v soucasnosti jednu
z nejmodernéjSich a nejispornéjsich technologii pro bezdritovy sbér
dat a neni limitovdn na zadnou konkrétni technologii prenosu dat
z terénu do kancelére. I v tomto sméru jsme systém implementovali na
bezdrdtovy prenos dat prostrednictvim jedné z nejmodernéj§ich tech-
nologii (mobilnich telefont) a lze jej snadno modernizovat s vyvojem
technologie mobilnich telefoni. A jsme se setkali s ,,porodnimi
bolestmi tohoto systému, véfime, Ze jsme dnes vyfesili témer vSech-
ny z nich a systém je pfipraven pro ostré nasazeni v nejblizsi dobé,
0 CemZ svéd&i i laboratorni testovani a kalibrace méficich boda pro
nasazen{ do tunelt prazského metra.
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from an office. Another problem we are dealing with is the keeping of
the GPRS connection uninterrupted because mobile operators suspend
the connection automatically when it is inactive for a longer time. This
fact is associated with the problem of worsened quality of the GSM
signal. For that reason, we are currently testing various methods of the
keeping of connection and, at the same time, minimising the volume
of transmission of unnecessary data. One of the variants being tested
is the uninterrupted ping, which verifies whether the given server is
connected to the Internet. Even though this method is one of the best
ones for the maintenance of connection, it is, at the same time, very
demanding in terms of the data transmission (annually about 100MB).

Another problem which is associated with the remote data manage-
ment is the fact that the ID address which is assigned to a mobile con-
nection is not public. It is a private address, which is behind a firewall,
therefore inaccessible from the Internet. This problem, however, has
already been solved through the Remote Reverse Shell application of
Linux.

In addition, we are currently implementing the possibility of auto-
matic transmission of the measured data within a certain time interval
because, today, data transmission is performed only during the remote
management activity.

5 CONCLUSION

A testing profile of a running tunnel of the Prague metro was estab-
lished within the framework of an international grant project. The pro-
file was intended to allow the verification of microelectromechanical
sensors of deformations using traditional instruments for the measure-
ment of tunnel lining deformation. New measurement devices have
been added and the system has been developed according to the requ-
irements of the project. The same profile was further fitted with moni-
toring elements for geophysical measurements. The results which have
been provided by the geophysical measurements exhibit good sensiti-
vity of the deformation measurements. It is well possible to recognise
seasonal influences on the measurement results. It can be stated on the
basis of the published results that significant ageing and deterioration
of the tunnel lining did not occur, even in the case of a lining segment
with visible cracking. A system for automatic monitoring through
wireless collection and transition of the measured data was also deve-
loped. This system is today being tuned at the testing installation in the
metro tunnel, to be implemented in common practice for the monito-
ring of the ageing of underground structures not only in Prague but
also abroad. This system has proven progressive, using one of the cur-
rently most modern and economic wireless data collection technologi-
es. Its use is not restricted to any particular technology of transmissi-
on from the field to the office. We managed to implement the system
to the wireless data transmission through one of the state-of-the-art
technologies (mobile telephones). It is possible to easily upgrade the
system to follow the proceeding development of mobile telephones.
Despite the fact that we experienced the initial travails of the system,
we believe that we have succeeded in solving nearly all problems and
the system is prepared for application in common practice in the fore-
seeable future. One of the proofs is the results of the laboratory testing
and calibration of the measurement points for the installation in Prague
metro tunnels.

RNDr. JAROMIR MACHACEK, Ph.D.
Jjaromir.machacek@fsv.cvut.cz,

Ing. MARTIN VANICEK, Ph.D., vanicekm@mat.fsv.cvut.cz,
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FOTOREPORTAZ Z VYSTAVBY SILNICNICH TUNELU HEDINSFJORDUR
NA ISLANDU (DODAVATEL: METROSTAV a. s.)

PICTURE REPORT ON THE CONSTRUCTION OF THE HEDINSFJORDUR ROAD TUNNELS
IN ICELAND (CONTRACTOR: METROSTAV a. s.)

TUNEL SIGLUFJORDUR / SIGLUFJORDUR TUNNEL

Obr. 1 Hotelovd ubytovna v zajeti snéhu

Obr. 3 Vrtdni &elby pro dalsi zdbérovy krok
Fig. 3 Face drilling for the next excavation round

Obr. 5 Voda tryskajici pod tlakem pri vrtani elby pro dalsi zdaber
Fig. 5 Water gushing under a pressure during the face drilling for the next
excavation round

Obr. 7 Zatopené ¢elo tunelu po odpale a odtéZeni (iipadni razba)
Fig. 7 Inundated tunnel heading after the blasting and removal of muck
(a downhill drive)

Obr. 2 Portdl tunelu po vyraZeni prvniho postupového kroku
Fig. 2 Tunnel portal after the first excavation round
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Obr. 4 Prunik tlakové vody po provedeni predvrtu
Fig. 4 Intrusion of pressure water after the completion of a probe borehole

— =

Obr. 6 Pritoky tlakové vody po provedeni vyvrti pro kotvy na boku tunelu
Fig. 6 Pressure water inflows after the completion of boreholes for anchors
on the tunnel side

Obr. 8 Rozsah a intenzita pritoku tlakové vody si vynutila provddéni chemickych
injektdZi

Fig. 8 The extent and intensity of pressure water inflows required the
application of chemical grouting
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_ Fotoreportdz dokumentuje pokracujici vystavbu tuneli Siglufjordur (razeny tsek délky 3650 m) a Olafsfjordur (raZeny tsek délky 6925 m).
Clének o prvnim obdobi raZeb obou tuneld byl zverejnén v Casopisu Tunel &. 2/2007 na strané 25.

e picture report documents the progressing construction of the Siglufjordur tunnel (with the min

Om long) and Olafsfjordur tunnel (with the

6925m long). The paper on the initial period of the excavation of both tunnels was published in the issue No. 2/2007, page 25 of Tunel magazine.

TUNEL OLAFSFJORDUR / OLAFSFJORDUR TUNNEL

Obr. 1 Poldrni zdre nad osvétlenym zafizenim stavenisté
Fig. 1 Northern Lights over the illuminated site facility

oy e e B
Obr. 3 Tunel po vyraZeni prvni desitky metri
Fig. 3 The tunnel after the completion of the excavation of initial ten meters

Obr. 5 Osazovdni ndloZi do vrtu po navrtdni éelby
Fig. 5 Priming of charges after the face drilling

Obr. 7 Tryskajici tlakovd voda z ¢elby po provedeném predvrtu
Fig. 7 Pressure water gushing from a completed probe borehole

o

Obr. 2 Skalni sténa portdlu tunelu Olafsfjordur
Fig. 2 Portal rock wall of the Olafsfjordur tunnel

Obr. 4 Vrtdni éelby pro odpal vrtacim vozem Axera Tamrock
Fig. 4 Face drilling for the blasting, using an Axera Tamrock drilling rig

Obr. 6 Pohled na éelbu po odtéZeni rubaniny pri délce zdbéru 5,3 m
Fig. 6 View of the face after the muck removal, at the excavation round
length of 5.3m

Obr. 8 Zatopené &elo tunelu pri priichodu zvodnélou horninovou poruchou
Fig. 8 Inundated tunnel heading during the passage through a water-bearing
weakness zone
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MODERNI PRISTUPY PRI PROHLIDKACH TUNELU
MODERN APPROCHES TO TUNNEL EXAMINATION

JIRI MATEJICEK

uvoD

Firma Amberg Engineering Brmo, a. s., se mimo jiné zabyva také sanacemi
a rekonstrukcemi jiz provozovanych Zelezni¢nich tuneld. V rdmci piiprav na
projekt sanace tunelu je vZdy nutné provést podrobny prizkum, jehoZ ur€itou
Cast provadéji pracovnici firmy Amberg Engineering sami. Sou¢dst{ pruzkum-
nych praci je mimo jiné zaméren{ tunelu a pasportizace tunelového osténi.

ZAMEREN( TUNELU 3D SCANNEREM

Moderni metodou, pouzivanou pfi zaméfovani tuneld, je 3D skenovani.
Novéjsi typy 3D scannerii umoZiuji nasnimat osténi takovym zpusobem, Ze
vystup z tohoto méfeni vypadd jako Cernobild fotografie lice osténi (obr. 3).
Na obrdzcich k tomuto &ldnku byly pouZity vystupy ze zaméreni
Banskostiavnického tunelu, ktery byl skenovén pifstrojem Leica GRP5000
(obr. 1). Tento pristroj s rotaéni snimaci hlavou umoznuje kontinudlni skeno-
van{ osténi tunelu pii pojezdu rychlosti cca 400 m/hod s presnosti méfeni az
0,1 mm. Samotny vozik, na kterém je scanner namontovén, méf{ kromée ujeté
vzdalenosti také pficny a podélny sklon koleje. Tyto tdaje potom scanner
zpracovdva spole¢né s vloZenym normovym prujezdnym profilem.
Vysledkem, ktery se obvykle prezentuje objednateli prizkumu, jsou pak dvé
skupiny dat — pi¢né profily a analyza (mapa) prujezdnosti (obr. 2 a 3).

Pri¢né profily — piicné fezy po vzddlenosti 10 m, ve kterych je vidét svét-
1y profil tunelu s vioZenym prijezdnym profilem (obr. 2). V pripadé Zelezni¢-
nich tuneld je standardné vloZen prijezdny profil TPP, v pripadé dvoukolej-
nych tuneld STPP. Ve vzddlenostech cca 0,5 m po obvodu profilu vyznaci
software ve scanneru vzdalenost osténi od prujezdného profilu. V piipadé, Ze
osténi zasahuje do prajezdného profilu, vyznaci software barvou tato mista
v analyze prujezdnosti.

Analyza (mapa) prujezdnosti — zobrazuje tzv. tunelovy pés a vypadd jako
Cernobily snimek osténi (obr. 3). Barevné oznafeni mist s nevyhovujici pra-
jezdnosti je odstupriovano od pribliZeni se k prujezdnému profilu aZ po vyraz-
ny presah osténi do prijezdného profilu. Oproti star§im metoddm méfeni geo-
metrie, jako jsou profilery nebo dokonce méfeni prujezdnosti obrysnici, je zde
vyhoda v kontinudlnosti méfeni po celé délce tunelu a také v rychlosti mére-
ni (cca 400 m/hod) a presnosti méfeni (0,1 mm). Navic diky méfidlam na
voziku ziskdvame i relativni zaméren{ koleje.

Na skenu jsou velmi dobfe vidét materidly osténi (kamennd obezdivka, lity
nebo stifkany beton), dilatacn{ a pracovni spdry a také vyrazné plosné posko-
zenf jako prusaky, vyluhy, atd. To umoZiiuje provést tzv. predinspekei — vlo-
Zeni skenu do Observeru a zdznam pozorovanych fenoménu (jevi) pred
samotnou inspekci v tunelu.

VYHODNOCENI ZAMEREN(

Bez ohledu na pouzitou technologii je potieba vysledky zaméfeni duklad-
né a podrobné vyhodnotit. V pripadé¢ starSich jednokolejnych tunelt obvykle

Obr. 1 Leica GRP5000 s moZnosti plynulého pojezdu
Fig. 1 Leica GRP5000 with the possibility of continual travel

INTRODUCTION

Amberg Engineering Brno a. s. deals, among other activities, with rehabili-
tation and reconstruction of operating railway tunnels. A detailed survey must
always be carried out within the framework of rehabilitation design preparati-
on; certain part of the survey is conducted by Amberg Engineering employees
themselves. The survey activities comprise, among others, a geodetic survey
of the tunnel and a condition survey of the tunnel lining.

TUNNEL SURVEY WITH A 3D SCANNER

3D scanning is a modern method used for the surveying of tunnels. Newer
types of 3D scanners allow the scanning of the lining to provide measurement
outputs which look as a black-and-white photo of the lining surface (see Fig. 3).
The pictures contained in this paper are the outputs of the survey of the Banskd
Stiavnica tunnel, which was scanned using a Leica GRP5000 scanner (see Fig.
1). This instrument with a rotary head allows continual scanning of the tunnel
lining while moving at about 400m/h, with the accuracy up to 0.lmm. The vehic-
le carrying the scanner measures, apart from the distance moved, also the trans-
verse and longitudinal gradients of the rail. This data is subsequently processed
by the scanner together with the standard clearance profile data, which is fed into
the program. The result which is usually presented to the survey client is two
groups of data, i.e. cross-sections and a passableness analysis (map) (see Figures
2 and 3).

Cross sections — the cross sections, which are plotted at 10 spacing, show the
net tunnel profile with the clearance profile drawn in it (see Fig. 2). The TPP cle-
arance profile is used as the standard in the case of railway tunnels, whilst the
STPP clearance profile is used in the case of double-rail tunnels. The software of
the scanner marks the distance of the lining from the clearance profile in points
which are distributed at about 0.5m spacing around the circumference of the pro-
file. If the lining protrudes into the clearance profile, the software marks such
points in colour in the passableness analysis.

Passableness analysis (map) — it pictures a so-called tunnel strip, and looks as
a black-and-white photo of the lining (see Fig. 3). The colour code for the mar-
king of the points where the passableness criterion is not met is toned, from being
near the clearance profile to significant protruding of the lining into the clearan-
ce profile. Compared with the older methods of the geometry measurement, such
as profilers or even the measurement of passableness by means of a loading
gauge, the advantage of this system consists in the continuity of the measurement
throughout the tunnel length and also in the measurement speed (approximately
400m/h) and accuracy of the measurement (0.1mm). In addition, owing to the fact
that the measuring instruments are installed on a vehicle, we obtain even
a relative survey of the rail.

The scan very well shows the materials from which the lining is built (mason-
ry, monolithic concrete or sprayed concrete), expansion joints and day joints and
also significant surface damage cases, e.g. leaking, leaching etc. This feature
allows the performance of pre-inspection — the insertion of the scan into the
Observer, and recording of the observed phenomena prior to the inspection itself.

SURVEY ASSESSMENT

Notwithstanding the equipment used, the results of the measurements must be
thoroughly and in detail assessed. Cross sections of older single-rail tunnels usu-
ally do not meet the requirements for the current TPP. The most frequently used
horseshoe-shaped (or circular) tunnel cross section often protrudes into the clea-
rance profile at the bottom of the footing of side walls. The biggest problem,
however, is usually encountered in the tunnel crown. This is because the most
tunnels had been built for steam engines or Diesel locomotives and the track was
subsequently electrified, whilst the tunnels were granted dispensations from the
requirements for the clearance height. On the one hand, these administrative acts
saved the cost of reconstruction of the tunnels, on the other hand, the problem
with the unsatisfactory passableness remained unsolved. Not always is it neces-
sary to remove the existing lining and replace it by a new, thinner one.
A reconstruction design should always start at the substructure superstructure of
the track and the possibility of “moving” the track. This is, however, a spot where
we run up against a problem — the owner lacking the funding.
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Obr. 2 Vystup z méreni scannerem — pri¢ny profil (Banskostiavnicky tunel, SR)
Fig. 2 Scanner output — clearance profiles (Banskd Stiavnica tunnel, Slovakia)

prirez naprosto nevyhovuje soucasnému TPP. Nejéastéji pouzivany podko-
vovity tvar tunelu (pfipadné tvar kruhovy) Casto zasahuje do prijezdného pro-
filu v paté opér. Nejvetsi problém ale byva ve vrchliku tunelu vzhledem
k tomu, Ze velkd dst tunelt byla budovéna je$té pro parni nebo dieselové
lokomotivy a ndsledné byla trat’elektrifikovana, pficemZ tunelim byly pouze
udéleny vyjimky z hlediska prajezdné vysky. Tim sice byly uSetfeny naklady
na prestavbu tunelu, problém nevyhovujici prijezdnosti tim ale vyfeSen
nebyl. Ne vzdy je nutné bourat stdvajici osténi a nahrazovat ho novym s mensi
tloustkou, navrh rekonstrukce by mél vzdy za¢inat u Zelezni¢niho spodku

a svrsku a moznosti ,.hybat“ s koleji. Tady ov§em obvykle nardzime na nedo-
statek financi u investora.

PASPORTIZACE TUNELOVEHO OSTENI PROGRAMEM
TUNNELMAP

TunnelMap je relativné novy software, ktery vznikl spolupraci odbornik
geotechniku z firmy Amberg Engineering a programatort firmy Amberg
Technologies. Pasportizace pomoci tohoto programu muZe velice kvalitné
nahradit ro¢nf i hlavni prohlidky tunelt, které provozovatel tunelu dosud pro-
vadél tradi¢nim zptisobem, pii respektovani dréZniho Piedpisu S6 CD, pii-
padné dal3ich predpist a norem (zatim nemame zkuSenosti s prohlidkami sil-
ni¢nich nebo délnicnich tuneld v CR).

V TunnelMapu se vétSina dat zaznamendvd digitdlné piimo v tunelu do
pocitade na tzv. tunelovy pés. Ten zobrazuje pohled na rozvinuty plast osténi.
Podrobnost zdznamu zdvisi na pozadavcich kladenych na inspekci (prohlid-
ku) a dozorovany stavebni objekt. Firma Amberg Engineering Brno, a. s.,
zatim realizovala nékolik inspekei prostednictvim TunnelMapu v Ceské
republice (Rakousky a Stielensky tunel) a ve Slovenské republice
(Banskostiavnicky tunel). Autor ¢ldnku md navic zkuSenosti s inspekcemi

iy -

v drdZznich tunelech ve §vycarskych Alpach.

Struktura TunnelMapu

Program TunnelMap se sklddé z nékolika zdkladnich a nékolika vedlejsich
moduld. Déle budou popsény pouze ¢tyfi zdkladni moduly:

Modul Manager slouZi pro vytvoreni tzv. zénového modelu. Zénovy
model definuje tunelovy pds s presnou geometrii tunelu. V piipadé tuneld
s vice troubami nebo s technologickymi prostory, vétracimi Sachtami apod.
umozinuje modul Manager rozd€lit projekt na jednotlivé inspektovatelné ¢asti.

Modul Observer je pracovni prostiedi pro samotnou inspekei, kde inze-
nyr/technik zakresluje tzv. pozorovdni fenoméni. Obvykle se zakresluji mate-
ridly osténi, dilatace, instalace jako zavéSent troleje apod. a zejména poskoze-
ni. Cdst fenoméni se dé zakreslit do tunelového pasu v predstihu v kanceldfi,
jako napf. materidly osténi, umisténi nouzovych vyklenku apod. Pfi samotné
inspekci se potom zakresluji poSkozeni, piipadné dfive provadéné sanace
a ovéfuje se spravnost pripravenych dat. To vede k dspofe ¢asu a nakladu pri
sbéru dat v tunelu.

Pokud se v danych tunelech provadi 3D skenovdni, je mozné vystupy
z tohoto méfeni pouZit jako podklad pod tunelovy pds (obr. 4). Problém je

Obr. 3 Vystup z méieni scannerem — analyza prujezdnosti (Banskostiavnicky
tunel, SR)

Fig. 3 Scanner output — clearance analysis (Banskd Stiavnica tunnel,
Slovakia)

CONDITION SURVEY OF TUNNEL LINING USING
THE TUNNELMAP PROGRAM

The TunnelMap is relatively new software, which was developed jointly by
specialist geotechnicians of Amberg Technologies and programmers of Amberg
Technologies. A condition survey which is carried out using this program can
become a high quality replacement of annual and major inspections of tunnels,
which have been performed by the tunnel operator till now by traditional met-
hods, while observing the railway Specification $6 CD or other regulations and
standards (we have not had any experience in inspecting road/motorway tunnels
in the Czech Republic yet).

Regarding the TunnelMap, the data is recorded mostly digitally, directly in the
tunnel, in the computer, to a so-called tunnel strip. The tunnel strip displays
a view of an unwrapped lining mantle. The degree of recorded detail depends on
the requirements placed on the inspection and the structure under supervision.
Amberg Engineering Brno a.s. has completed several inspections using the
TunnelMap in the Czech Republic (the Rakousy and Strelnd tunnels) and the
Slovak Republic (the Banska Stiavnica tunnel). In addition, the author of this
paper participated in inspections of railway tunnels in the Swiss Alps.

TunnelMap structure

The TunnelMap program consists of several basic units and secondary units.
Only the four basic units are described below:

The Manager Program Unit is used for the creation of a so-called “zone
model”. The zone model defines a tunnel strip with precise geometry of a tunnel.
In the case of tunnels with several tubes or tunnels with equipment rooms, venti-
lation shafts etc., the Manager Program Unit allows the division of the project into
individual parts for which the inspection is practicable.

The Observer Program Unit is a program unit for the inspection itself, where
an engineer/technician plots so-called “observation of phenomena”. Usual subjects
of the plotting are tunnel lining materials, expansion joints, installations such as
catenary suspension etc. and, primarily, defects. Part of the phenomena, such as the
lining materials, location of refuge holes etc., can be plotted in the tunnel strip in
advance, in the office. The inspection itself then consists of the plotting of defects
or previous rehabilitation work, and verification of correctness of the prepared
data. This procedure saves time and costs during the data collection in the tunnel.

If the 3D scanning is carried out in the given tunnels, the results of these mea-
surements can be used as a sub-base under the tunnel strip (see Fig. 4). However,
the problem is the creation of the zone model because if, for instance, the tunnel
is on a horizontal curve, certain errors are generated during the processing of the
data provided by the scanner as a result of the “straightening” of the centre line.

Obr. 4 Observer — pracovni
prostiedi pro samotnou
inspekci (predinspekce
tunelu metra v Barceloné
s vyuzitim vystupu z 3D
skenovdni)

Fig. 4 Observer — module
for the inspection itself
(preinspection of subway
tube in Barcelona, with
usage of scanner outputs)
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Obr. 5 Priklad grafického vystupu z inspekce (Velky Priticky)
Fig. 5 Example of graphical output of the inspection (Velky Prsticky)

s vytvorenim z6énového modelu, protoZe napr. pokud je tunel ve smérovém
oblouku, dochdzi pfi zpracovani dat ze scanneru k uréitym chybam
v dusledku ,,narovndni osy.

Observer muzZe slouZit také jako ndstroj pro podrobné grafické zaznamena-
ni rozsahu sana¢nich praci pro dokumentaci skutecného provedeni stavby.
Napriklad je mozné zakreslovat plochy izolaci, strikaného betonu, rozmisténi
kotev apod.

Modul Statistician — tento modul slouzi k ¢iselnému vyhodnoceni dat
nasbiranych pri inspekci. Vystupem jsou tabulky s podrobnym vypisem
vyskytu jednotlivych fenoménd bud pro cely tunel, nebo pro jednotlivé tune-
lové pasy. Tabulky zobrazuji pouze dimenze fenoménu, tedy plochy poskoze-
nf, délky trhlin, apod. Poloha jednotlivjch pozorovéni fenoménu je potom
digitdlné zaznamendna v Observeru a graficky je zndzornéna ve vykresech,
které vznikajf vystupem z modulu Reporter.

Statistician déle umoznuje automatické porovndvéni néslednych inspekef,
a tedy ukazuje progresivni vyvoj stavebniho stavu tunelu nékolik let po sobé.

Pro projektanty a zdstupce investort miZe byt zajimavé i vyuZiti statistik
pro stanoveni predbézného rozsahu sanace — vytvoreni predbéZzného soupisu
praci v rdmci pripravné dokumentace stavby.

Modul Reporter je modulem pro vytvoreni grafického vystupu z inspekee.
Vytvori soubory ve formétu dxf, které se déle zpracovavaji napr. v AutoCadu.
Tento modul automaticky vygeneruje také legendu téch fenoména, které byly
pri inspekci zaznamendny. Po mensich dokonCovacich tpravach téchto vykre-
st pak dostavdme grafickou piflohu z inspekce, kterd ma mnohem veétsi vypo-
vidajici hodnotu neZ textové piilohy pouZivané dosud (pro drdZni tunely
Piiloha 4 Piedpisu S6). Priklad, jak muZe vypadat graficky vystup — report —
je vidét na obr. 5.

VYHODNOCENI PASPORTIZACE

Kromé jiz zminénych vystupt z jednotlivych modult se po inspekci vytvo-
i{ technickd zprdva, kterd shrnuje zji§ténd pozorovani a hlavné zhodnocuje
stavebn( stav tunelu. Napr. u drdZnich tuneld se podle predpisu S6 stavebni
stav tunelu déli do tif skupin — dobry, vyhovujici, nevyhovujici. Technickd
zprdva z inspekce déle upozorfiuje na piipadnd rizika, a tedy nutnost okamzi-
tych sanacnich opatfeni. V celkové (pruvodni) zpravé z pruzkumnych praci je
potom predbéZné navrZen rozsah a zpusob sanace celého tunelu.

KOMPLEXNI PRISTUP PRI PRUZKUMECH

Sama o sobé je inspekce v tunelu, at'uZ s pouZitim TunnelMapu, nebo jiny-
mi metodami, de facto ,,jen” pasportizaci povrchu osténi. 3D skenovdni je
jen” zamefeni geometrie. Obvykle se dd jiz po zaméfeni a inspekci
TunnelMapem predbézné urdit rozsah sanace tunelu. Ze zkusenosti ale vime,
Ze je vhodné, ne-li nutné, doplnit pasport je3té dal§imi prizkumnymi pracemi,
jako jsou klasické diagnostické prizkumy (pruzkumné vrty, zkousky materi-
4lu osténi), laboratorni rozbory vzorku podzemni vody, geofyzikdlni méreni
(zaméfen{ kaveren nebo odvodniovacich zafizeni za osténim), apod. Tim
s maximdlni presnosti zjistime pri¢iny poskozeni za osténim a ziskdme velice
kvalitn{ podklad pro projekt sanac{ nebo rekonstrukef tunelu.
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The Observer can also be used as a tool for detailed graphical recording of the
extent of the rehabilitation operations, which will be used for the as-built docu-
ments. It is, for example, possible to plot areas provided with waterproofing or
shotcrete, the layout of anchors etc.

The Statistician Program Unit — this program unit serves for numerical eva-
luation of the data collected during the course of the inspection. The output con-
sists of tables with a detailed list of the existence of the individual phenomena,
either for the entire tunnel or for individual tunnel strips. The tables depict only
dimensions of the phenomena, i.e. damaged areas, lengths of cracks etc. The loca-
tion of the individual observations of the phenomena is subsequently digitally
recorded in the Observer and plotted in drawings which originate as an output of
the Reporter program unit.

The Statistician further allows automatic comparison of subsequent inspecti-
ons, thus it shows the progressive development of the structural condition of the
tunnel for several consecutive years.

Designers and representatives of owners may even find interesting a feature
allowing the use of statistics for the preliminary determination of the extent of the
rehabilitation project, i.e. creation of a preliminary summary of works within the
framework of the preparation of planning documents.

The Reporter Program Unit is used for the creation of a graphical output of
the inspection. It creates dfx-format files, which are further processed, for instan-
ce using the AutoCad software. This unit also automatically generates the legend
for the phenomena which were recorded during the inspection. After minor finis-
hing treatment of these drawings, we receive a graphical enclosure from the
inspection, which provides much more valuable evidence than the text-based enc-
losures which have been used till now (for railway tunnels see the Specification
S6, Annex 4). An example of a graphical output — a report — is shown in Figure 5.

ASSESSMENT OF THE CONDITION SURVEY

In addition to the above-mentioned outputs of the individual program units, an
engineering report is carried out after the inspection. It summarises the observa-
tions and, primarily, assesses the structural condition of the tunnel. For instance,
in the case of railway tunnels, the structural condition of the tunnel is divided,
according to the railway Specification S6, into three groups: good, conforming
and nonconforming. The engineering report from the inspection further gives
notice of potential risks and the necessity for immediate improvement measures.
The subsequent overall survey report contains a preliminary proposal on the
extent and method of the rehabilitation of the entire tunnel.

COMPREHENSIVE APPROACH TOWARDS SURVEYS

A tunnel inspection itself, no matter whether the TunnelMap or other methods
were used, is a “mere” condition survey of the tunnel lining surface. 3D scan-
ning is a “mere” survey of the tunnel geometry. The extent of the tunnel rehabi-
litation can usually be preliminarily determined after the geodetic survey and
inspection by the TunnelMap. In our experience, however, we know that it is rea-
sonable, if not necessary, to supplement the condition survey by additional sur-
vey operations, such as traditional diagnostic surveys (exploratory drilling, tes-
ting of the lining materials), laboratory analyses of ground water samples, geop-
hysical measurements (location of caverns or drainage behind the lining) etc.
This allows us to determine the causes of defects behind the lining with maxi-
mum accuracy and obtain a high-quality source document for the tunnel rehabi-
litation or reconstruction design. . 5
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METODIKA ZKOUSENI POZARU V TUNELECH POZEMNICH KOMUNIKACI
METHODOLOGY FOR FIRE TESTING IN ROAD TUNNELS

PAVEL PRIBYL, MILAN KOSTAL

PoZdry v tunelech pozemnich komunikaci (PK) se vyskytuji ziidka, nicmé-
né jejich dopady byvaji znacné, a to nejen co se tyCe ztrat Zivotl tcastnikl pro-
vozu, poskozen{ zdravi, ale i materidlnich $kod na majetku dcastnika provozu
a infrastrukture. Takovéto udélosti také vyvolaji na fadu let negativni postoj
Siroké vefejnosti k vystavbé a pouzivani tuneld.

Z uvedenych davoda jsou tunely v Ceské republice standardné vybavovany
pozarné bezpe¢nostnim zarizenim a pro jejich provoz jsou prijimana pozarne-
bezpecnostni opatfeni tak, aby pri optimalizaci investinich a provoznich
nédkladt bylo moZno zajistit pfijatelnou miru rizika pro G¢astniky provozu.

Rozsah pozérnébezpecnostniho vybaveni a pozarnébezpe¢nostnich opatie-
ni je stanoven v technickych pfedpisech vydanych v gesci Ministerstva dopra-
vy CR. Jednd se o Ceskou technickou normu CSN 73 7507 a Technické pod-
minky TP 98 a TP 154, které stanovuji rozsah vybaveni tunell riznych bez-
pecnostnich kategorii v zdvislosti na jejich délce a intenzité dopravy.

JelikoZ je vSak kazdy tunel jedine¢nym dilem z hledisek stavebniho feSent
a provedeni, vedeni trasy, podélnych sklont, délky i tzemni lokalizace
a rovnéZ se lis svym technickym vybavenim, véetné pozdrni ventilace, neni
mozno jen na zdklade projektové dokumentace jednoznacné posoudit, zda dilo
a jeho poZzdrnébezpecnostni vybaveni budou dosahovat predpoklddané bez-
pecnostni drovne.

Proto je obecné prijiméno stanovisko odborniki provéfovat poZdrnébez-
pecnosti troveri staveb tuneli pozemnich komunikaci dislednou simulac{
havarijnich dopravnich stava. V jistych pripadech mohou poskytnout toto pro-
vérfeni pouze zkousky redlnym poZzarem, avSak simulace havarijnich doprav-
nich stavu, zvla§té zkousky redlnymi poZéry, jsou nakladnou zéleZitosti
a rozhodné nesmi byt provadény nadbytecné.

Proto bylo ministerstvem dopravy pfijato rozhodnuti stanovit zdvazné roz-
sahy zkouSek metodickymi pokyny, které jsou po pfipominkdch zpracovany
v dokumentu Zkousky poZdrnébezpecnostnich zafizeni v tunelech pozemnich
komunikact, lit. [1]. Metodické pokyny jsou zpracovany v rdmci projektu védy
a vyzkumu OPTUN (Optimalizace provozu silni¢nich tunelt — &islo projektu
1F43A/069/120).

ZAKLADNI TYPY ZKOUSEK

Zkousky pozarnébezpecnostniho vybaveni a opatfeni se v prvni fadé ¢leni
podle realiza¢ni faze stavby tunelu PK:

I. Zkousky ve fazi projektovani

II. Zkousky ve fazi vystavby

III. Zkousky ve fazi uvddéni stavby do provozu

IV. Zkousky v provozu tunelu

Podle druhu zkousek a zpusobu provadéni zkousek se zkousky ¢leni ndsledovné:

1. Zkousky systému provozniho vétrani pocitatovou simulaci

2. Zkousky systému pozarniho vétrani pocitaovou simulaci

3. Zkousky poZzérnébezpetnostniho vybaveni u vyrobce

4. Zkousky jednotlivych pozarnébezpetnostnich zafizeni (individudlni zkousky)

5. Zkousky integrace poZdrnébezpec¢nostniho vybaveni do fidiciho systému

tunelu PK

6. Zkousky komplexni funkénosti integrovaného fidiciho systému

7. Zkousky poZary nizkych vykont

8. Zkousky poZdry stiednich vykont

9. Zkousky poZary vysokych vykonu

10. Zkousky zvifenym koufem

11. Zkousky neinvazivnim poZrem

12. Cvi¢né zkousky operdtort obsluhy

13. Cvicné zkousky zdsahovych jednotek HZS

V dal$im textu jsou jednotlivé zkousky pouze informativné popséany, podrob-
néjsi popisy se najdou v lit. [1]. Ovéreni funkei systému provozniho a poZdrniho
vétrani pocitatovou simulaci se provadi na simulacnich programech, specidl-
né vytvorenych pro stavby tuneld pozemnich komunikaci. Ovéfuje se G¢innost
vétractho systému v piipadé maximalniho vyhledového (s vyhledem na 15 let)
znedisténi tunelové vzdusniny vyfukovymi exhalacemi vozidel a pro piipad
simulovanych poZzarti rizného vykonu.

Po zkouskéch u vyrobee a individudlnich zkouskdch zafizeni v tunelu ndsle-
duje zkouska integrace pozdrnébezpecnostniho vybaveni v ramci zkousky
fidiciho systému tunelu, kterd je pripravou na komplexni zkousky. Jednd se pre-
devsim o kontrolu poplachovych signdli a kontrolu reakei na mimoradné stavy,
napriklad funkénosti systému pro veasnou identifikaci dopravniho excesu,

Fires in road tunnels are rare, nevertheless, their consequences are usu-
ally serious in terms of not only lost lives or injuries of passengers but
also material damage to passengers’ personal properties and infrastructu-
re. Such events even bring about a long-term negative attitude of the pub-
lic toward the development and use of tunnels.

For the above-mentioned reasons, it is a standard for tunnels in the
Czech Republic that they are equipped with fire safety systems and fire
safety measures are implemented so that an acceptable level of risk to
passengers can be guaranteed during the process of the optimisation of
the investment and operating costs.

The extent of the fire safety equipment and fire safety measures is
determined by technical regulations which are issued under the leaders-
hip of the Ministry of Transport of the Czech Republic, namely by Czech
technical standard CSN 73 7507 and Technical Specifications TP 98 and
TP 154, which specify the level of tunnel equipment for various safety
categories of tunnels, depending on their length and the traffic volume.

Although, since each tunnel is a unique piece of work in terms of the
structural design and construction, horizontal alignment, longitudinal
gradients, length and location and, in addition, each tunnel differs from
other tunnels in the technical equipment, including fire ventilation, it is
not possible to unambiguously assess the tunnel and its fire safety equip-
ment, whether it will achieve the required safety level, only on the basis
of the design documents.

This is why the opinion of experts is generally accepted that the level
of fire safety in road tunnels must be verified by means of thorough simu-
lation of emergency traffic states. In certain cases, the proof can be pro-
vided only by means of a real fire, but simulations of emergency traffic
states, the testing by means of real fires in particular, are costly and their
use must not be exaggerated.

For that reason, the Ministry of Transport decided that binding scopes of
the testing be prescribed through guidelines. Once the guidelines had passed
comments, they were published in the form of a document titled Testing of
Fire Safety Equipment in Road Tunnels [1]. The guidelines were developed
within the framework of the OPTUN (Optimisation of road tunnel operati-
on), the scientific and research project No. 1F43A/069/120.

BASIC TYPES OF TESTS

The tests of fire safety equipment and measures are, first of all, categori-
sed according to the particular implementation phase of the road tunnel:

I. Tests in the design phase

II. Tests in the construction phase

I1I. Tests in the commissioning phase

IV. Tests during tunnel operation

Tests are divided according to the type of the test and the method of
the test execution as follows:

1. Tests of the operating ventilation system by means of a computer

simulation
2. Tests of the fire ventilation system by means of a computer calcula-
tion
. Tests of the fire safety equipment conducted at the manufacturer
. Tests of individual pieces of fire safety equipment (individual tests)
. Tests of the integration of the fire safety equipment into the road tunnel
management system

. Tests of the overall functionality of the integrated management system
. Tests by means of low-intensity fires
. Tests by means of medium-intensity fires

9. Tests by means of high-intensity fires

10. Tests by means of destratified smoke

11. Tests by means of a non-invasive fire

12. Practical tests for operators

13. Practical tests for intervention forces of the Fire Rescue Service (FRS)

The individual tests are described in the text below only informatively;
more detailed descriptions can be found in Reference [1]. The verification
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poruchovy stav svételného signaliza¢niho zafizeni, detekci koure videodeteke- of functions of the operating ventilation system and the fire ventilation sys-
nim zafizenim apod. tem by means of a computer calculation is carried out using simulation pro-

Dalsi kategorie zkousek jiZ predpoklddd zkouSeni redlnym poZirem — pro grams, which were developed for road tunnel constructions. The verificati-
zkousku pozdrem nizkého vykonu se pocitd s uvolnénim energie v rozsahu on covers the effectiveness of the ventilation system in the case of the maxi-
1.3 MW az 1.6 MW. Tento poZdr je dostatecné reprezentativni pro poZdr osob- mum predicted (a 15-year prediction) pollution of the tunnel atmosphere by

ntho vozidla, s typickym vykonem poziru 5 MW. Velkou pozornost je nutné
vénovat pocdte¢nim podminkdam proudéni vzdusniny v tunelu a moznym varia-
cim, které musi byt zkouskami podchyceny. Jednim z nejduleZitéjsich cilu je
ovefit schopnosti pozdrniho vétrani zajistit stratifikaci koure po dobu alespon
5 minut, za kterou muZe bezpetné tcastnik provozu opustit nechranény prostor
tunelové trouby. V lit. [1] je popsdna celd fada dal3ich poZadavku, které maji byt
touto pomérné ndkladnou zkouskou ovéreny.

exhaust gases and in the cases of simulated fires of various intensity.
When the tests at the manufacturer and individual tests have been finis-
hed, the test of the integration of the fire safety equipment follows, wit-
hin the framework of the tunnel management system testing. This test is
part of preparations for comprehensive testing. It comprises, above all,
the check on alarm signals and a check on responses to emergency states,

Zkouska poZarem nizkého vykonu je povinna prakticky pro viechny tunely for example the functionality of the system of early identification of
del§i nez 500 m, v nichZ je intenzita dopravy vy§si nez 2000 vozidel/den a traffic excess, a state of failure of traffic light signals, video smoke
v jednom jizdnim pruhu. Ve smyslu TP98, lit. [2], se jednd o tunely kategorie TA detection equipment etc.

a zatizen€jsi tunely kategorie TB. Zkouska je také soucdsti hlavni prohlidky dle The next category of the tests belongs among the tests which require
TP154,1it. [3]. a real fire. The low-intensity fire test assumes that the energy of 1.3MW

Pro zkousku poZarem stredniho vykonu se politd s uvolnénim energie to 1.6MW will be released. This fire is sufficiently representative of a car
v rozsahu 9 MW az 12 MW. Tento poZdr je dostatetné reprezentativn{ pro pozdr fire, with a typical fire capacity of SMW. Great attention must be devo-
vozidla typu doddvky, malého ndkladniho vozidla do 3,5 t s typickym vykonem ted to the initial conditions of the flow of the air mass through the tunnel
poziru 15 MW. Zkousky poZiry stfednich vykonu se provadéji pouze ve vyji- and possible variations of the flow, which must be covered by the testing.

me&nych piipadech pro tunely del$i nez 3000 metru a s intenzitou vys$i neZ
20 000 vozidel/den. Rozhodnutim o konéni této zkousky je predem zpracovand
analyza rizik, kterd ukdze nutnost tuto zkousku vykonat.

Pro zkousku pozarem vysokého vykonu se pocitd s uvolnénim energie
v rozsahu 25 MW az 35 MW. Tento poZdr je reprezentativni pro pozar nékladni-
ho vozidla s hoflavinami nebo autobusu. Tato zkouska se ve stavbdch tunelu PK
neprovadi. Jeji provadéni se doporuCuje pouze pro vyzkumné dcely, a to

One of the most important objectives is to verify the abilities of the ven-
tilation system to secure that the smoke stratification will remain to exist
for at least 5 minutes, which is the time during which a passenger can
safely escape from the unprotected space inside the tunnel tube.
Reference [1] contains a number of other requirements which should be
verified by this relatively costly test.

v prostordch vyhrazenych pro zkousky poZdry. The low-intensity fire test is compulsory for virtually all tunnels lon-
Zkousky hustym zviFenym kourem se vyuZivd i pro ovéfeni moZnosti pohy- ger than 500m, where the traffic volume is in excess of 2000 vehicles per
bu zdsahovych jednotek slozek IZS v zadymovaném prostoru tunelu, napiiklad day in one traffic lane. In the meaning of TP98 [2], these are the TA cate-
s vyuZitim termosenzitivnich videosystému. V ramci projektu OPTUN byly pro- gory tunnels and more loaded TB category tunnels. In addition, the test
vadény i experimenty se zdroji koure, které by nahrazovaly hofeni smési benzinu is part of the main inspection according the requirements of TP154 [3].
vyvojem aerosolovych smési, obr. 1. Jednd se o zkousku neinvazivnim kourem. The release of energy within the range IMW - 12MW is assumed for
Cviéné zkousky operatoru jsou provddény vzdy v rdmci prvni hlavni prohlidky, the medium-intensity fire test. This fire is sufficiently representative for
kdy je k dispozici tiplnd dokumentace a manudly k obsluze jiz dokonceného systé- a fire of a delivery van type vehicle, small truck up to 3.5t, with a typical

mu. Dals{ zkousky probihajf, v souladu s direktivou 54/2004/ES pravidelné, viz dals{ fire capacity of 15MW. The medium-intensity fire tests are conducted
kapitola. Pro zkouSeni dispecert bez naruSeni provozu tunelu je velmi vyhodné uZi-
vat simulatoru. Jejich ndvrh je provadén v ramei prave probihajictho projektu SAFE-
TUN (ELTODO EG, Fakulta dopravni). Zkouskami se ovéfuji reakce operétort obs-
luhy na nejriznéj§i havarijni dopravni stavy v tunelu i nejriznéj$i mimorddné rezi-
my provozu tunelu s dirazem na trénink procesi pri vzniku poZéru.

only in exceptional cases for tunnels longer than 3000 metres where the
traffic volume is in excess of 20,000 vehicles per day. The decision whet-
her the execution of the test depends on the results of a risk analysis,
which must be carried out in advance.

The release of energy within the range 25MW — 35MW is assumed for
OMEZENI V PROVADENI ZKOUSEK the hi.gh—intensity.fire test. This fire is represe.ntative. for a fire .Of a trugk
carrying combustible matters or a coach. This test is not carried out in
road tunnels. It is recommended only for scientific purposes, to be carri-
ed out in spaces dedicated to fire testing.

The tests by means of destratified smoke are used, among other pur-
poses, for verification of the possibilities of the movement of FRS inter-
vention forces in the tunnel space filled with smoke, for example using
thermosensitive video systems. The OPTUN project operations even

Pozn.: 'Tunely TB delsi nez 500 m a s intenzitou vyssi nez 2000 ekviva- comprised experiments with smoke generators which would replace the
lentnich vozidel/den a jizdni pruh. burning of a petrol mixture by the development of aerosol mixtures (see
Fig. 1). This is called the non-invasive smoke test.

The practical tests for operators are always conducted within the fra-
mework of the first main inspection, when the complete package of docu-
ments and operation manuals for the completed system is available. The
other tests are conducted regularly, in compliance with the requirements
of the Directive 54/2004/ES (see the chapter below). It is advantageous
if the operators are tested without any disruption to the tunnel operation,
using simulators. The simulators are being designed within the frame-
work of the current project SAFETUN (ELTODO EG, the Faculty of
Transportation Sciences). The tests are used for the verification of opera-
tors’ responses to various emergency traffic states in the tunnel and vari-
ous emergency regimes of the tunnel operation, with the stress placed on
the training of the activities to be performed in the case of a fire.

Cetnost provadéni zkousek riznych druhd je uvddéna ve vztahu
k bezpe¢nostnim kategoriim tunelil pozemnich komunikaci — TA, TB' a TC.

V metodické prirucee Ize najit poZadavky na zkousky ve stadiu projektova-
ni i vystavby. Podstatnd je zkouska ve fdzi uvadéni stavby do provozu,
Tab. 1, kdy se kromé komplexnich zkouSek, zkouSek operétoru tunelu
a zkousek integrovaného zdchranného systému predpokldda zkouska pozarem.

LIMITATIONS ON EXECUTION OF TESTS

The frequency of the execution of various types of the tests is put into
a relationship to the road tunnel safety categories - TA, TB and TC.

Note: TB category tunnels longer than 500m, with the traffic volume
higher than 2000 equivalent vehicles per day.

Requirements for the tests in the design and construction phases can be
found in the guide book. The testing in the commissioning phase
(see Table 1), where a real fire test is required in addition to the compre-
hensive testing, tunnel operator testing and testing of the Integrated
Rescue System, is very important.

Obr. 1 Poédtecéni stadium vyvoje koure aerosolového zdroje (Ostrava-
Radvanice)

Fig. 1 The initial phase of the development of smoke by an aerosol generator
(Ostrava-Radvanice)
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Dalsfm duleZitym vystupem metodiky je, Ze se nepredpoklada vykondvat
pozarni zkousky za provozu tunelu. Pouze se pripousti jejich kondni, pokud
dojde k podstatné zméné technologie, jakou muZe byt napriklad zména venti-
la¢niho systému.

ZKOUSKY V RAMCI PRVNI I1. Zkousky ve fazi uvadéni
HLAVNI PROHLIDKY stavby do provozu
Druh zkousky Bezpecnostni kategorie tunelu
TA TB TC
6. Zkousky komplexni funk¢nosti 1 1 1
integrovaného ridiciho systému
7. Zkousky pozary nizkych vykonu 1 1
8. Zkousky pozary strednich vykonu pozn. 1
10. Zkousky zvirenym kourem
11. Cvi¢né zkousky operitoru obsluhy 1 1 1
12. Cvicné zkousky zasahovych jednotek HZS 1 1 1

Tab. 1 Zkousky pri uvddeni stavby do provozu, lit. [1]

ZKOUSKY PRIPRAVENOSTI OSOB

I ( II. Zkousky tunelu
A TECHNICKEHO VYBAVENI (ro¢ni)

V provozu

Druh zkousky Bezpecnostni kategorie tunelu
TA TB TC
13. Zkousky pozarnich zarizeni, 1 1

dle radu revizi (1 x za 12 mésicu)
14. Zkousky studenym kourenim

pozarem malého vykonu (po zméné technologie)
15. Cvi¢né zkousky operatoru obsluhy 2 1 1
16. Cvicné zkousky zasahovych jednotek HZS 1 1

Tab. 2 ZkousSky tunelu v provozu, lit. [1]

Velmi podstatnym konstatovanim, které zlevniuje cely proces zkousent, je
to, e u tuneld, jejichZ stavebni a technické feSeni a geografické umisténi jsou
obdobnd z hlediska pozdrniho vétrdni a fizeni pozdrniho vétrdni ridicim
systémem tunelim, kde jiz dspé$né zkousky pozdry probéhly a soucasné
hodnoceni rizik prokdZe neopodstatnénost provedeni téchto zkouSek, se
zkouska pozdrem neprovadi.

Omezeni provadéni zkouSek pozdry ve vztahu k typu tunelu PK podle
zatfidéni tunelu do bezpe¢nostnich kategorii TA, TB a TC je graficky vyjé-
dreno v obr. 2. Leva svisld hranice tohoto sektoru omezuje pripustnost zkou-
Sek pozdry pouze na tunely s minimdln{ délkou tunelové trouby 500 m.

Vodorovnd spodni hranice tohoto sektoru pripustnosti zkousek pozdry
predstavuje pripustnost provadéni zkousek pozary pro tunely, v nichZ vyhle-
dovd intenzita dopravy ekvivalentnich vozidel (pocet ekvivalentnich vozidel
za den v roénim pruméru) presahuje 2000 a jesté za podminky, Ze vyhledova
denni variace automobilové dopravy presahuje v prubéhu jedné hodiny $pic-
kového provozu 160 vozidel, tj. 8 % z denni hodnoty intenzity dopravy ekvi-
valentnich vozidel (pro jednu tunelovou troubu s jednosmérnym provozem
nebo pro oba dopravni sméry v tunelové troubé s obousmérnym provozem ¢i
kombinovanym provozem).

Tuel

Another significant output of the methodology is the fact that the exe-
cution of fire tests during the tunnel operation is not required. The testing
is permitted only when a substantial change in the tunnel equipment is
made, such as a change in the ventilation system.

TESTS WITHIN THE FRAMEWORK
OF THE FIRST MAIN INSPECTION

II. Tests in the
commissioning phase

Test type Safety category of tunnel
TA TB TC
6. Tests of the overall functionality of the 1 1 1
integrated management system
7. Tests by means of low-intensity fires 1 1
8. Tests by means of medium-intensity fires note 1
10. Tests by means of destratified smoke
11. Practical tests for operators. 1 1 1
12. Practical tests for the FRS intervention 1 1 1

forces
Table 1 Tests in the commissioning phase, Ref. [1]
TESTS OF PREPAREDNESS

OF PERSONNEL AND TUNNEL
EQUIPMENT (annual)

II. Tests during
tunnel operation

Test type Safety category of tunnel
TA TB TC
13. Tests of fire equipment and system; 1 1

following the Inspection Rules
(once every 12 months)
14. Tests by means of cold smoke of
low-intensity fire (after a change
in the equipment)
15. Practical tests for operators 2 1 1
16. Practical tests for the FRS 1 1
intervention forces

Table 2 Tests during the tunnel operation, Ref. [1]

The conclusion which reduces the cost of the testing process, which
is very important, is the statement that the real fire test is not to be car-
ried out in tunnels where the structural design, equipment and geograp-
hical position are similar (in terms of fire ventilation and the fire venti-
lation management by the tunnel management system) to tunnels which
already have successfully passed the fire testing and, at the same time,
the risk analysis has proven that the execution of the tests is unsubstan-
tiated.

The limitation of the requirements for the execution of tests by means
of fires relating to a road tunnel type according to the tunnel safety cate-
gories TA, TB and TC is graphically presented in Figure 2. The left ver-
tical boundary of this sector limits the permissibility of the fire tests to
tunnels with a minimum length of the tunnel tube of 500m.

{ehow voziden

15000
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Sektor pfipustnostf zkousek pogdry

2 000

B

Interzia dopravy givivalentnich vz idel

Obr. 2 Grafické vyjadreni pripust-
nosti zkouSek poZdry ve vztahu
k bezpecnostnim kategoriim

100
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Fig. 2 Graphical presentation of
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KONTROLA (SUPERVIZE) BEZPECNOSTNICH OPATREN{
SUPERVISION OVER SAFETY MEASURES

Periodicita
Periodicity

PredloZenti plinu vicviku
ke schvilen
Submission of the training
plan for approval

1 4
O ' : .
—_— ~ N Provérka

bezpecnostni dokumentace
Check on Safety Documents
Bezpecnostni technik
Stétni sprava

Safety supervision
State administration

Funéni zkousky
Function checkout

Technické vybaveni
Tunnel equipment

Cinnost operitor
Operators activities

Zaznam do
bezpeénostni dokumentace
Entry in safety
documents

Kontrola plnéni doporuceni
Check on implementation
of recommendations

Zavérecné hodnoceni
Final tests

Zpracovam pisemnych
“hvéri a doporuteni
Submission of written
conclutions and recommendations

Obr. 3 Kontrola poZdrnébezpecnostnich
opatreni — diagram pripadu uZiti

Fig. 3 Supervision of fire preventive
measures — a use case diagram

The lower horizontal boundary of the sec-
tor of permissibility of the fire tests repre-
sents the permissibility for tunnels where the
predicted traffic volume of equivalent vehic-
les (i.e. the average annual number of equi-
valent vehicles per day) is in excess of 2000
and, in addition, where the predicted daily
variation of motor-vehicle traffic exceeds
160 vehicles during one of rush hours, i.e.

O 8 per cent of the equivalent vehicle daily
traffic (for one tunnel tube carrying unidi-
rectional traffic or for both directions of traf-
fic in a tunnel tube carrying bi-directional
traffic or combined traffic).

Utad
Statni sprava
Authority

State administration

OTHER OUTPUTS

The Guide Book further represents General
principles of the fire testing, which cover the
organisation chart of the tests and their execu-
tion, damage prevention measures etc.

The Chapter “Systematic approach to fire
safety measures” describes general principles

DALSI VYSTUPY

Metodicka prlrucka ddle predstavuje Obecné zdsady pro zkousky pozéry, do
kterych spadd organizalni schéma zkousek a jejich provadéni, déle opatreni
pro zamezeni $kod, atd.

Kapitola Systémovy piistup k poZdrnébezpecnostnim opatfenim popisuje
obecné principy pozarnébezpecnostnich opatieni, a to ve formé konvenénich
pravidel standardniho jednotného modelovaciho jazyka UML (Unified
Modelling Language), lit. [4]. Pomoci tzv. pripadl uZitf jsou graficky zndzor-
néna protipozarn{ opatfeni v tunelu, zachrana osob pii pozaru, likvidace poza-
ru apod. Jako priklad je na obr. 3 uveden diagram pripadu uZiti pro kontrolu
pozarnébezpecnostnich opatieni.

V dal8ich kapitoldch jsou uvedeny zdkladni povinnosti vlastnika
a provozovatele stavby vyplyvajici ze zdkonu, déle prehled kontrolnich &in-
nosti z hlediska pozarni ochrany, prehled poZadované dokumentace z hlediska
poZdrn{ ochrany a na zavér jsou i modely poZdru (scéndfe Cinnosti pfi poZru).
ZAVER

Metodickd prirucka vydand v leto$nim roce ministerstvem dopravy a po
schvéleni Generélnim feditelstvim hasi¢ského sboru md velky vyznam v tom,
Ze uvadi celou problematiku zkouSeni pozdry do redlné a ekonomicky akcep-
tovatelné podoby.

V souvislosti s uvddénim novych tuneld do provozu se vyskytovaly stile
extrémnéj§i pozadavky na zkousky, kdy se napriklad pozadovalo nechat horet
skute¢né osobni a nakladn{ automobily. Tyto poZadavky vyplyvajf z toho, Ze si
jejich autofi nejsou védomi rozshlych experimentu, které byly a jsou prové-
dény specializovanymi pracovisti v celém svété. Vysledky téchto projektl jsou
k dispozici a je mozné se z nich poucit. Opakovat to, co bylo nékolikrét reali-
zovéno a je dokonale popsdno, neddvd smysl.

Dile je nutné si uvédomit, Ze zkouset cely technologicky systém a ndvazna
organiza¢ni opatfeni je mozné bez skute¢ného ohné. Napiiklad pro zkouSeni
reakce tepelnych senzorll véetné navazujicich procest jsou pouZity postupy
nevyzadujici Zivy ohen. Vyjimkou jsou samoziejmé zkousky ventila¢niho zari-
zeni a pozarnich klapek, které vyZaduji kour.

PROF. ING. PAVEL PRIBYL, CSc.,, pribylp@eltodo.cz, ELTODO EG,
a.s.,ING. MILAN KOSTAL Ph.D., milan kostal@stuba.sk,
SLOVENSKA TECHNICKA UNIVERZITA V BRATISLAVE,
Katedra radiotechniky

LITERATURA / REFERENCES

of fire safety measures, in the form of con-
ventional rules for the standard Unified
Modelling Language [4]. Fire preventive
measures in a tunnel, the rescue of persons during a fire, the fire suppres-
sion etc. are graphically presented by means of so-called “use cases”. The
diagram for the use case for the supervision of fire preventive measures is
presented in Figure 3.

Graphical presentation of the permissibility of fire tests relating to the
safety categories

The other chapters contain the basic obligations of the tunnel owner
and operator which follow from laws, a summary of inspection-related
activities in the field of fire protection, summary of documents required
from the viewpoint of fire protection and, at the conclusion, models of
fires (scenarios of activities during a fire).

CONCLUSION

The Guide Book, which was published this year by the Ministry of
Transport and approved by the General Directorate of the Fire Rescue
Service, is very important because it gives all fire testing problems a form
which is realistic and economically acceptable.

Ever more extreme requirements for the testing were imposed in the
context of the commissioning of new tunnels. For example, real car or
truck fires were required. These requirements follow from their aut-
hors” ignorance of the fact that extensive experiments have been con-
ducted by specialised laboratories throughout the world. The results of
these projects are available for everybody to learn the lessons. There is
no sense in repeating what has been several times performed and per-
fectly described.

It is further necessary to realise that the testing of the whole equipment
system and related organisational measures is possible without a real fire.
For instance, procedures which do not require a real fire are used for the
testing of the response of temperature sensors including the subsequent
processes. Of course, the tests of ventilation equipment and fire dampers,
which require smoke, are an exception.

PROF. ING. PAVEL PRIBYL CSc., pribylp@eltodo.cz, ELTODO EG,
a.s.,ING. MILAN KOSTAL Ph.D., milan kostal@stuba.sk,
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VYSTAVBA METRA V MADRIDU
MADRID METRO DEVELOPMENT

JAN PRUSKA

1. OVOD

Madrid je hlavnim méstem Spanélska a téZ hlavnim méstem stejno-
jmenné provincie, kterd je jednou ze 17 autonomnich spolecenstvi
(comunidades auténomas) gpanélska. Madridskou provincii tvofi 179
obci a mést s podilem 12,7 % na tvorbé HDP. V madridské aglomeraci
Zije vice neZ 5 miliont obyvatel, v samotném hlavnim mésté Zije
3.2 milionu obyvatel (stav k listopadu 2005), nicméné v centrdlni oblas-
ti mésta, kde je nejvice pracovnich prilezitosti, Zije necely milion oby-
vatel. Pocet obyvatel centrdln{ oblasti navic kazdoro¢né klesd pfiblizné
0 2.5 % st¢hovanim obyvatel do okrajovych ¢asti Madridu a satelitnich
mest. Tento trend ma za ndsledek rozsahlé zmény v mobilité obyvatel
s obrovskym ndrustem poctu jizd (54 % pripadd na vefejnou dopravu
a 46 % na soukromé automobily).

V letech 1983 az 1985 probéhl presun nékterych vlddnich pravomo-
cf, v rdamei kterého vznikl Ufad pro dopravu v madridské oblasti —
CRTM (Consorcio Regional de Transportes de Madrid). CRTM je
nezdvisly vybor dzemni spravy zodpovédny za vefejnou dopravu a byl
ustanoven zdkonem v roce 1985. V jeho radé¢ jsou zdstupci vlddy, auto-
nomniho spoleCenstvi Madridu, méstské spravy Madridu a ostatnich
mést, asociace dopravcu, zaméstnaneckych odboru a sdruZeni uZivate-
14. Hlavni cile CRTM jsou:

— planovdni rozvoje infrastruktury vetejné dopravy a koordinace riz-

nych druht dopravy,

— zfizeni systému integrované dopravy,

— zastfeSeni celého systému — vzhledem k vefejnosti vystupovat jako

jediny partner.

Soucasny rozvoj verejné dopravy v mésté Madridu je postaven na
metru jako hlavnim vefejném dopravnim prostredku a probihd od roku

1. INTRODUCTION

Madrid is the capital of Spain and, at the same time, the capital of
a province of the same name, which is one of 17 autonomous communiti-
es (comunidades auténomas) existing in Spain. The province of Madrid
consists of 179 municipalities, which contribute 12.7 per cent to the nati-
onal GDP. The Madrid conurbation population exceeds 5 million, with 3.2
million living in the capital (the state as of November 2005). Nevertheless,
the population of the central area of the capital, where the number of job
opportunities is the highest, is less than one million. On top of that, the
population of the central area shrinks annually approximately by 2.5%
because of people moving to Madrid’s outskirts or to satellite towns. This
trend results in considerable changes in the population mobility, with an
immense increase in the number of trips (54% by means of public tran-
sport, 46% by private cars).

A process of the transferring of some governmental responsibilities took
place in the 1983 — 1985 period. This process gave rise to the Madrid
Regional Transport Consortium — the CRTM (Consorcio Regional de
Transportes de Madrid). The CRTM, which was established by law in
1985, is an independent committee of the regional administration which is
responsible for public transport. Its Board consists of representatives of
the government, the Madrid autonomous community, municipalities of
Madrid and other towns, the Freight Transport Association, trade unions
and the Public Transport Users Association. The CRTM has the following
main objectives:

— public transport development planning and coordination of various

modes of transport,

— implementation of an integrated transport system,

—acting as an umbrella organisation for the entire system — the only

representative in public relations.

The current development of the public
transport in the city of Madrid is based on
the Metro as the main means of mass
transport. It has been in progress since
1995, consisting of three phases: 1995 —
1999, 1999 — 2003 and 2003 - 2007.
During this period, the length of Madrid’s
Metro (Metro de Madrid) has tripled, rea-
ching 319 km, and the number of stations
has risen to 318. This great progress
meant that the annual increase in the
length of the routes during the past 12
years amounted to 16.4km. The overview
of the existing metro lines with the deve-
lopment phases is shown in Figure 1.

2. MADRID METRO HISTORY

The Madrid Metro is the second largest
underground railway system in Europe

Obr. 1 Prehled tras madridského metra
s etapami vystavby (stav 2007) [2]
Fialova — stav roku 1995

Zelena — 1995-1999

Modra - 1999-2003

Cervena — 20032007

Zluté — lehké metro

Fig. 1 Overview of the Madrid Metro
lines with the construction phases (the
state as of 2007) [2]

Violet — 1995 state

Green — 1995 - 1999

Blue — 1999 - 2003

Red - 2003 - 2007

Yellow — light rail transit system
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Obr. 2 Ndrust tras metra [2]
Fig. 2 Increase in the metro lines

lengths [2]

l (an about 92% portion of the whole net-
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work is underground) and belongs
among the oldest. The construction star-
ted in June 1917, with the funding obta-
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contained 8 stations, was opened on 17th
October 1919. It was inaugurated in the
presence of the then king, Alfonso XIII.
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The first line provided a connection bet-
ween two densely populated parts of the
metropolis and replaced the tram lines. It
is interesting that the track gauge of
1445mm, which was selected, was not
standard at that time. The year 1924 saw
the beginning of the construction of the
second line, which crossed the first line
at Sol station. At the same time, the first
line was being extended at the southern
end. With the exception of the first secti-
on of the third line, which went into pas-

1995 ve trech Casovych etapach: 1995-1999, 1999-2003 a 2003-2007.
Béhem tohoto obdobi se délka madridského metra (Metro de Madrid)
ztrojndsobila z 110 km na 319 km a pocet stanic vzrostl na 318. Tento
ohromny postup ve vystavbé znamenal v poslednich 12 letech ro¢ni pii-
rustek trati v délce 16,4 km. Prehled soucasnych tras metra
s vyznacenim etap rozvoje je na obr. 1.

2. HISTORIE MADRIDSKEHO METRA

Metro v Madridu je druhy nejvetsi systém podzemni drdhy v Evropé,
zhruba 92 % celé sité je podzemnich a patii k jednomu z nejstarSich.
Vystavba za¢ala v Cerviu 1917 a byla financovéna jak diky verejné sbirce,
tak CasteCné i z penéz pujéenych bankou a darovanych kralem. Dne 17.
fijna 1919 byla oteviena prvni trasa o délce 3,48 km s osmi stanicemi.
Slavnostni ceremonie se ztcastnil i tehdej$i krdl Alfonso XIII. Tato prvd
trasa zajistila spojeni dvou husté obydlenych &dsti metropole a nahradila
tramvajovou dopravu. Je zajimavé, Ze rozchod koleji byl zvolen nestan-
dardni, a to 1445 mm. V roce 1924 se zacalo s vystavbou druhé trasy, ktera
se kifZila ve stanici Sol s prvni trasou. Zaroven se na jiznim konci prodlu-
Zovala i prvni trasa. Za obCanské valky se aZ na prvni dsek tieti trasy zpro-
voznéné roku 1934 7idné nové trasy v podstaté nestavély. V roce 1951
méla sit’ metra délku 27,6 km. Ekonomické problémy v padesatych letech
vedly k naprostému zastaveni rozvoje metra. Tuto problematickou situaci
vyresilo zndrodnéni spolecnosti provozujici metro (1961), a tak na konci
sedmdesatych let dosahla sit' metra délky 66,9 km. Mezi 1éty 1979 a1987
vzrostla sit’ metra na 110,2 km s primémym ro¢nim prirustkem 5,74 km
(obr. 2). S ekonomickym rustem $panélské metropole a jejim rozsifovanim
do okoli (rozvoj satelitnich mést) v 80. letech nastdva velky rozvoj vystav-
by madridského metra. U starSich stanic byla prodlouZena ndstupiste, aby
bylo mo7né zajistit provoz novych vlaka s vétsi prepravni kapacitou.
V letech 1983 az 1985 probehl presun pravomoci tykajicich se rozvoje
dopravy na sprdvu provincii. Tento presun pravomoci umoznil méstské
spraveé pripravit pldn rozvoje metra na obdobi 1995-1999 a ndsledné dals{
dva plany pro obdobi 1999-2003 a 20032007 — viz tab. 1.

Obdobi Trasy Pocet stanic Délka tras [km]

Rok 1995 Existujici 164 120,00

1995 — 1999 Nove vybudovanych 38 56,00
Celkovy pocet 202 176,00
Ndrust v % 23 45

1999 — 2003 Nove vybudovanych 36 59,23
Celkovy pocet 238 235,23
Narust v % 19 34

2003 — 2007

veetné lehkého metra Novée vybudovanych 81 86,35
Celkovy pocet 319 322,08
Narust v % 34 37

Tab. 1 Pldn rozvoje tras madridského metra od roku 1995 [1]

senger service in 1934, no new lines
were developed, in substance, during the Spanish Civil War. In 1951, the
metro network length reached 27.6km. The economic problems existing in
the 1950s led to complete suspension of the development of the metro.
This problematic situation was solved by means of the nationalisation of
the metro operating company (1961); thus the length of the metro network
reached 66.9km at the end of the 1970s. Between 1979 and 1987, the
metro network expanded, reaching the length of 110.2km, with the avera-
ge annual increments of 5.74km (see Fig. 2). In the 1980s, with the
Spanish metropolis economy growing and its territory expanding (the
development of satellite towns), the Madrid metro experienced significant
growth. Older stations were provided with longer platforms to allow the
operation of new trains with larger carrying capacity. In 1983 — 1985, the
authority over the development of transport was transferred to the admi-
nistration office dealing with provinces. This transfer of authority allowed

Obr. 3 Stanice Getafe Central [1]
Fig. 3 Getafe Central station [1]
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3. ETAPY ROZVOJE METRA OD ROKU 1995

3.1 Prvni etapa 1995-1999

Tento Ctyflety pldan rozvoje madridského metra se snazil dohnat
deficit v rozvoji sit¢ metra a pocital s vybudovanim 57,4 km novych
tras s 38 stanicemi. S cilem zajistit optimdlni rozvoj sit¢ metra byl
vybér tras vhodnych k prodlouZeni a novych tras proveden na zdkla-
dé dvou zcela konkrétnich pozadavka:

— prodlouzit soucasné trasy do okrajovych oblasti vybranych podle

skute¢ného narustu obyvatel,

— sjednotit a popripadé zlepsit stavajici sit’

Prvy pozadavek byl dosaZen:

— prodlouzenim trasy 1 z Miguel Herndndez do Congosto,

— prodlouzenim trasy 4 z Esperanza do Mar de Cristal,

— prodlouZenim trasy 7 z Avenida de América do Pitis,

— prodlouzenim trasy 9 z Puerta de Arganda do Arganda del Rey

a z Pavones Puerta de Arganda (prvd trasa vedouci za hranice
mésta),

— vybudovédnim nové trasy 8 z Mar de Cristal pres Fair Grounds na

mezindrodni leti§té Barajas,

— vybudovanim nové trasy 11 z Plaza Eliptica do Pan Bendito.

Druhy poZzadavek byl splnén:

— spojenim tras 8 a 10 mezi stanicemi Nuevos Ministerios a Alonso

Martinez,

— zavedenim nové linky 10, kterd se stala patefnim spojenim ve

sméru sever—jihovychod.

3.2 Druha etapa 1999-2003

V druhé etapé se pokracovalo v roz§ifovéni sit¢ metra tak, Ze ves-
keré stavby budou pod povrchem terénu. Bylo vybudovano 54,7 km
tunelt, 36 novych stanic a doddno 300 novych vozu. Stanice Getafe
Central maze byt ukdzkou moderniho feSeni prestupni stanice (obr.
3). Z této etapy rozvoje jsou z hlediska obsluZnosti regionu nejvy-
znamnéj$i ndsledujici dva projekty:

e prodlouZeni trasy 8 do stanice Nuevos Ministerios,

* vybudovin{ okruznf linky Metrosur.

Metrosur — dzemi lezici na jih od Madridu zahrnuje nékolik mést
s poctem obyvatel od 20 000 do 70 000 leZicich v péti samospravnych
oblastech: Alcorcén, Mostoles, Fuenlabrada, Getafe a Leganés.
Celkovy poclet obyvatel tohoto tzemi prekracuje jeden milion
a dlouhodobé roste. Rozvojem infrastruktury v této oblasti (vystavba
univerzit, nemocnic, $kol, ndkupnich center atd.) se tato oblast stdva
vice méné nezédvislou na hlavnim mésté. Z tohoto duvodu projekt roz-
voje madridského metra navrhl v tomto dzemi vybudovat okruzni
linku metra (nazvanou Metrosur) a napojit ji na trasu 10 jejim 7 km
dlouhym prodlouZenim (do stanice Alcorén). Vlastni okruzni linka
spojujici vSech pét oblasti dosahuje délky 40,5 km, ma 6 prestupnich
stanic napojenych na systém priméstskych vlaku a v kazdém mésté
minimélné dal§ich 5 stanic. Vybudovani této okruzni linky umoznilo
vyznamné redukovat automobilovou dopravu, ochrdnit Zivotni pro-
stfedi a diky nabidce propracovaného prepravniho systému zajistit
udrzitelny vyvoj daného regionu.

Prodlouzeni trasy 8 ze stanice Cristal do stanice Nuevos
Ministerios (pobliZ obchodniho centra) umoznilo napojeni na trasy
6 al0 (vCetné prestupu na priméstské vlaky) a déle pfimé spojeni
mezindrodniho letis§té Madrid — Barajas s centrem Madridu. Cesta
z letité do centra se tak zkrdtila na 15 minut a je denné vyuZivana
priblizné 42 000 cestujicimi.

3.3 Treti etapa 2003-2007
Pro Iéta 2003 az 2007 byl stanoven narust délky tras klasického
podzemniho metra na 55,7 km s 43 stanicemi a 22,2 kilometru s 36
stanicemi u tzv. lehkého metra, coZ predstavuje nejrychlejsi ndrust
v historii madridského metra. Prehled rozvoje metra této etapy je uve-
den prehledné v tabulce 2 a zndzornén na obr. 1.
Vedle rozvoje novych tras dojde téZ ke zlepSovan{ tras stdvajicich,
které se dé shrnout do ndsledujicich bodu:
— dovybaven{ stanic staré sit¢ metra na stejnou droven stanic vybu-
dovanych po roce 1995,
— prizpusobeni 26 vestibull a 49 stanic pro cestujici se sniZenou
moznosti pohybu a orientace,
— rekonstruovéni 78 stanic (obnova a dostavba eskaldtort, obnova
podlaznich vrstev, osténi, osvétleni apod.),

Obr. 4 Vystavba stanice Puerta del Sol — Gran Via — celkovy pohled
Fig. 4 Construction of Puerta del Sol-Gran Via station — overall view

the municipality to prepare the metro development plan for the period of
time 1995 — 1999 and, subsequently, other two plans, for the 1999 — 2003
and 2003 — 2007 periods (see Table 1).

Period Number of stations  Length of lines [km]

1995 Existing 164 120.00

1995 — 1999 Newly built 38 56.00
Total 202 176.00
Increase in % 23 45

1999 — 2003 Newly built 36 59.23
Total 238 235.23
Increase in % 19 34

2003 — 2007

including a light rail transit line Newly built 81 86.85
Total 319 322.08
Increase in % 34 37

Table 1 The Madrid Metro development plan since 1995 [1]

3. METRO DEVELOPMENT PHASES SINCE 1995

3.1 The first phase: 1995 — 1999

This four-year development plan for the Madrid metro tried to make up
for the deficit in the metro network development and contained the con-
struction of 57.4km of new lines with 38 stations. The selection of lines
suitable for extension and new lines was carried out with the aim of ensu-
ring optimum development of the metro network. It was based on the fol-
lowing two perfectly concrete requirements:

— the existing lines to be extended to the locations on the outskirts, which
would be selected according to the actual increase in the population,

— the existing network to be unified and improved, if necessary.

The first requirement was met through:

— the extension of the Line 1 from Miguel Herndndez to Congosto,

— the extension of the Line 4 from Esperanza to Mar de Cristal,

— the extension of the Line 7 from Avenida de América to Pitis,

— the extension of the Line 9 from Puerta de Arganda to Arganda del Rey
and from Pavones to Puerta de Arganda (the first line running beyond
the city limits),

— the construction of the new Line 8 from Mar de Cristal through Fair
Grounds to the Barajas international airport,

— the construction of the new Line 11 from Plaza Eliptica to Pan
Bendito.

The other requirement was met by means of:

— the connection of the Lines 8 and 10 between Nuevos Ministerios and
Alonso Martinez stations,

— the establishment of the new Line 10, which became an artery running
in the N - SE direction.

3.2 The second phase: 1999 — 2003

In the second phase, the expansion of the metro network continued (all
structures were built under the surface). The construction comprised
54.7km of new tunnels and 36 new stations; 300 new cars were supplied.
Getafe Central station can be presented as an example of an interchange
station (see Fig. 3). In terms of the importance for the resident traffic in the
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region, the following two projects are the most important projects of this
development phase:

* the extension of the Line 8 to Nuevos Ministerios station,

* the construction of the Metrosur loop.

Metrosur — The area south of Madrid contains several cities with the
populations of 20,000 to 70,000, which are found in five autonomous regi-
ons: Alcorcon, Mostoles, Fuenlabrada, Getafe and Leganés. The populati-
on of this area is in excess of one million and grows in the long-term.
Through the development of infrastructure in this area (development of
universities, hospitals, schools, shopping centres etc.), this area has beco-
me more or less independent of the capital. This was the reason why the
Madrid Metro development project contained the construction of a metro
loop line (named Metrosur), which was to be linked to the Line 10 through
a 7km long extension of this line (to Alcorén station). The loop line, which
connects all of the five regions, is 40.5km long, has 6 interchange stations
which are connected to the system of suburban trains and at least 5 other
stations in each of the cities. Owing to the development of the loop line, it
was possible to significantly reduce vehicular traffic, to protect the envi-
ronment and, thanks to the offer of the elaborate transport system, to ensu-
re sustainable development of the given region.

Obr. 5 Vystavba stanice Puerta del Sol — Gran Via — madridskd metoda

Fig. 5 Construction of Puerta del Sol-Gran Via station — the Madrid Method The Line 8 extension from Cristal station to Nuevos Ministerios station
(near a shopping centre) made the connection to the Lines 6 and 10 possib-
—zvySeni poctu vypravovanych souprav tak, aby ve Spicce byla le (including the transfer to suburban trains) and allowed direct connection
zajisténa maximdlni hustota 3,5 pasaZéra na 1 m?. between the international airport Madrid — Barajas and the Madrid down-
Nejvetsi zmény uprav se tykaji trasy 3 z roku 1935, kde je nutné town. The time of the travel from the airport to the downtown, which is daily
prodlouZit stanice z 60 na 90 metri (z divodu zvySeni poltu vozu used approximately by 42,000 passengers, was reduced to 15 minutes.
Metro Pocet stanic Délka Cas vystavby Rozpocet
[km] [mésic] [miliony eur]
Metro Number of Stations Length Construction Time Budget
[km] [month] [million Euro]
Prodlouzeni trasy 1, isek Pza. Castilla — Pinar de Chamartin 3 3 27
Line 1 Extension, Pza. Castilla - Pinar de Chamartin section 43293
ProdlouZeni trasy 4, tsek P. de Sta. Maria — Pinar de Chamartin 3 4,78 30
Line 4 Extension, P. de Sta. Maria — Pinar de Chamartin section
Prodlouzeni trasy 1, isek Congosto — Paus de Vallecas 3 3 24 158,69
Line 1 Extension, Congosto — Paus de Vallecas section
ProdlouZzeni trasy 2, tsek Ventas — La Elipa 1 12 17 73,03
Line 2 Extension, Ventas - La Elipa section
Prodlouzeni trasy 3, usek Legazpi — Villaverde Alto 7 7.5 26 310,73
Line 3 Extension, Legazpi — Villaverde Alto section
ProdlouZeni trasy 5, usek Canillejas — Alemeda — Osuna 2 2 22 145,78
Line 5 Extension, Canillejas-Alemeda — Osuna section
Nova stanice na trase 6 (Arganzuela) / A new station on the Line 6 (Arganzuela) 1 - 18 50,99

ProdlouZenti trasy 7, Line 7 Extension,

usek Las Musas — M40 / Las Musas — M40 section 1 13 23
uisek M40 — Coslada / M40 — Coslada section 1 4,14 17 519,53
uisek Coslada — San Fernando de Henares / Coslada — San Fernando de Henares section 4 5,19 21
usek San Fernando de Henares — Hospital de Coslada 1 1,47 21

San Fernando de Henares — Hospital de Coslada section

Nova stanice na trase 8 (Pinar del Rey) / A new station on the Line 8 (Pinar del Rey) 1 - 18 39,82
Prodlouzeni trasy 7 do termindlu T4 letisté Barajas 1 2,57 46,50
Line 7 Extension to Terminal T4 of the Barajas airport

Nova stanice na trase 10 (Aviacién Espanola) 1 - 21 29,74
A new station on the Line 10 (Aviacién Espanola)

Prodlouzeni trasy 11, isek Pan Bendito — Carabanchel Alto 3 3.1 15 164,97
Line 11 Extension, Pan Bendito — Carabanchel Alto section

Celkem / Total 44 46.9 -

Lehké metro / Light rail transit system

Nové trasa A/ New Line A

Pinar de Chamartin — Sanchinarro — Las Tablas 10 53 20 238,72
Pinar de Chamartin - Sanchinarro — Las Tablas

Nova trasa B Colonia Jardin — Pozuelo de Alarcon 15 8,66 22 116 41
New Line B Colonia Jardin — Pozuelo de Alarcon

Nova trasa C Colonia Jardin — Boadillia del Monte 14 13.8 23 166,42
New Line C Colonia Jardin - Boadillia del Monte

Nova trasa D Mostoles Central — Navalcamero 12 10.5

New Line D Méstoles Central — Navalcamero

Celkem / Total 51 39.6 -

Priméstské vlaky / Suburban trains

Chamartin — Nuevos Ministerios — Alsonso Martinez — Sol/Gran Via — Atocha 3 8.3 - 75

Chamartin — Nuevos Ministerios — Alsonso Martinez — Sol/Gran Via — Atocha

Tab. 2 Rozvoj madridského metra v obdobi 2003-2007
Table 2 The development of the Madrid metro in the period 2003-2007
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Obr. 6 Vystavba stanice Puerta del Sol — Gran Via
Fig. 6 Construction of Puerta del Sol — Gran Via station

soupravy ze 4 na 6), umoZznit do vSech stanic pfistup osobam se sni-
Zenou moznosti pohybu a orientace, kompletné pfebudovat vestibu-
ly, zménit napdjeni z 600 V na 1500 V a zavedeni nového zabezpe-
¢ovaciho systému.

Velice zajimavym projektem fe§icim dopravni obsluznost Madridu
je vybudovani dvou novych tuneld o délce 9 km spojujicich nadrazi
Atocha (leziciho na jihu mésta) a Chamartin (leZictho na severu).
Jeden tunel je urcen pro vysokorychlostni Zeleznici systému Renfe
AVE a druhy pro pfiméstskou Zeleznici (Cercanias Renfe). Oba tune-
ly byly budovény pomoci TBM. Tunel pro pfiméstskou Zeleznici
umozni prodlouZeni tras C3 a C4 dnes koncicich ve stanici Atocha,
a tfm nejen odleh¢i tomuto nddrazi, ale také umozni jeho dal$i roz-
voj pro ddlkovou Zelezni¢ni dopravu. Podle pruazkumu dojizdi na
nddrazi Atocha 400 000 cestujicich denné, z nichz 63 000 vyuziva
ddle k cesté do stfedu mésta metro. Z tohoto duvodu budou také
vybudovany dvé nové stanice umoznujici pfimy prestup z priméstské
Zeleznice na trasy metra: Alonso Martinez na trasy 4 a 10 a Puerta de
Sol — Gran Via na trasy 1,2,3 a 5. Stanice Puerta del Sol — Gran Via
je projektovdna jako jednolodni raZend stanice s bocnimi ndstupisti
o délce 240 m, vyska nadlozi je 30 az 40 m. Stanice se nachdz{
v historickém stfedu mésta a vedle prestupnich vestibuli bude mit
primy vystup na ndmésti Sol a na ulici Gran Via a jeji vystavba ma
skoncit v roce 2008. Vystavba stanice probihala pomoci madridské
tunelovaci metody aZz po vyrazeni celého dvoukolejného tunelu
zeminovym Stitem. Po vyraZeni stanice se osténi tunelu ve stanici aZ
na spodni klenbu rozebere. Na obrdzcich 4, 5 a 6 jsou zdbéry z razby
této stanice.

4. METODY VYSTAVBY

Od vystavby prvé trasy roku 1917 bylo pouZito velké mnozstvi
metod — od tradi¢nich pfes NRTM az po TBM. ProtoZe razba muze
probihat v rizném prostiedi (soudrzné a nesoudrZné zeminy, sddrov-
ce atd.), je mozné volit ze zna¢ného poctu tunelovacich metod. Pro
zefektivnéni byla vyddna spoleCnosti MINTRA (Madrid
Infraestructuras del Transporte) smérnice, kde je volba metod ome-
zena na nasledujici:

— tradi¢ni madridskou metodu,

— hloubeni,

— zasypavani,

— zeminové §tity.

Zastoupeni jednotlivjch metod pfi vystavbé klasického i tzv.
lehkého metra od roku 1995 je uvedeno v tab. 3.

Zeminoveé stity

Vzhledem ke geologickym podminkdm se pro razbu nejvice pou-
zivaji zeminové §tity (EPB). V rozmezi let 2003-2007 bylo pouzito
celkem 10 EPB, devét pro dvoukolejné tunely (8 o praméru 9.4 m,
1 o praméru 8,9 m) a jeden EPB pro jednokolejny tunel o praméru
74 m. Pomoci zeminovych §titd bylo vyrazeno celkem 40,9 km

TuoufHel

3.3 The third phase: 2003 - 2007

The task for the phase 2003 — 2007 was to reach the length of traditional
heavy metro rail lines of 55.7km, with 43 stations, and the length of light rail
transit lines of 22.2km, with 36 stations. It represented the most rapid incre-
ase in the history of the Madrid metro. The overview of the development of
the metro in this phase is presented in Table 2 and shown in Figure 1.

Apart from the development of new lines, the existing lines will also be

improved. The improvement can be summarised as follows:

- the installation of additional equipment in stations on the old metro
network so that they achieved the level of the stations which were built
after 1995,

- the adaptation of 26 concourse halls and 49 stations to the needs of
passengers with impaired mobility and orientation,

- the reconstruction of 78 stations (renovation and new construction of
escalators, renovation of floor assemblies, lining, lighting etc.),

- an increase in the number of running trains so that the maximum den-
sity of 3.5 passengers per 1m2 was not exceeded during rush hours.

The most significant changes were required on the Line 3, which was

built in 1935, where the length of the stations had to be extended from 60
to 90metres (to be able to receive 6-car trains instead of 4-car ones), the
access had to be provided for passengers with impaired mobility and ori-
entation, the concourse halls had to be completely reconstructed, the
power supply systems had to be converted from 600V to 1500V and a new
interlocking system had to be installed.

There is a very interesting project, dealing with resident traffic in
Madrid, which consists of the construction of two new tunnels 9km in
length, designed to connect railway stations Atocha (found in the south of
the city) and Chamartin (found in the north). One of the tunnels is inten-
ded for the AVE high-speed trains (operated by RENFE company), while
the other one is for suburban trains (Cercanias Renfe). Both tunnels were
driven by TBMs. The tunnel on the suburban railway line will make the
extension of the Lines C3 and C4, which are currently terminating at
Antocha station, possible. Thus the tunnel will not only relieve the burden
on the railway station but will also make further development of the stati-
on possible so that it meets the needs of long-distance railway transport.
According to surveys, 400,000 passengers commute daily to Antocha rail-
way station, 63,000 of which use metro to continue with their travel to the
downtown. This is why two new stations will be built, to allow direct tran-
sfer from the suburban railway line to the metro lines, namely to the Lines
4 and 10 at Alonso Martinez station and to the Lines 1,2, 3 and 5 at Puerta
de Sol-Gran Via. The Puerta del Sol-Gran Via station design is that for
a one-vault mined structure, with 240m long side platforms; the ground
cover will be 30 to 40m thick. The station location is in the historic cent-
re of the city. Apart from transfer concourse halls, there will be a direct
exit to Sol Square and to Gran Via Street. The construction is scheduled
for completion in 2008. The station was constructed using the Madrid
Method of tunnelling, when all EPB TBM operations had been finished
throughout the length of the double-rail tunnel. Once the excavation of the
station had been completed, the tunnel lining was dismantled in the stati-
on, with the exception of the tunnel invert. Pictures taken during the exca-
vation of the station are shown in Figures 4, 5 and 6.

4. CONSTRUCTION METHODS

The number of the methods which have been used since the constructi-
on of the first line in 1917 is high, from traditional ones through the
NATM to TBM applications. Because tunnel excavation may pass through
various types of environment (cohesive and incohesive soils, gypsum
etc.), it is possible to choose from rather a wide selection of tunnelling
methods. With the aim of making the selection more effective, MINTRA
(Madrid Infraestructuras del Transporte) company issued a directive
where the selection of methods is restricted to the following ones:

— the traditional Madrid Method,

— cut-and-cover,

— false tunnelling,

— EPB TBMs.

The percentage of the individual methods which have been used during
the construction of the traditional metro and the light rail transit line since
1995 is presented in Table 3.

Earth pressure balance (EPB) TBMs

Earth pressure balance (EPB) TBMs have been used most frequently for
the drives, with respect to the geological conditions. A total of 10 EPB




Obr. 7 Zeminovy §tit Herrenknecht S280 [1]
Fig.7 Herrenknecht S280 EPB TBM([1]

tunelt béhem 26 mésicu, z toho 37 km za necelych 19 mésicu (to
odpovidd i ¢asovému nasazeni EPB) — podrobnéjsi ddaje jsou uve-

Usek [m] / Section [m]

Trasa 1 Congosto — Ensanche de Vallecas
Line 1 Congosto — Ensanche de Vallecas
Trasa 5 Canillejas — Alameda de Osuna
Line 5 Canillejas — Alameda de Osuna
Trasa 11 Pan Bendito — Carabanchel Alto
Line 11 Pan Bendito — Carabanchel Alto
Trasa 7 Metroeste II Sever M40 — Coslada
Line 7 Metroeste II Nord M40 — Coslada
Trasa 7 Metroeste II Jih Coslada — M40
Line 7 Metroeste II South Coslada — M40
Trasa 3 Legazpi — San Cristobal

Line 3 Legazpi — San Cristébal

Trasa 3 San Cristébal — Villaverde Alto
Line 3 San Cristébal — Villaverde Alto
Trasa 1 a 4 Chamartin — P. Sta. Maria
Line 1 and 4 Chamartin — P. Sta. Maria
Metronorte 2B

Metronorte 1B
Trasa 7/I1I Coslada — S. Fernando

Line 7/11I Coslada — S. Fernando
Metronorte 1C/2A

Tab. 4 Nasazeni EPB v obdobi 2003-2007

Vv,

Typ EPB / EPB TBM type Doba vystavby / Construction period

Carpetana (Herrenknecht S165)
? 9,40 m

Carpetana (Herrenknecht S165)
? 940 m

Excavolina (Mitsubishi — NFM)
? 9,40 m

Rompearenas (Lovat)

@ 740 m

Rompearenas (Lovat)

@ 740 m

Guster (Herrenknecht S302)
@940 m

Adelantada (Mitsubishi — NFM)
? 9,40 m

Verne (Herrenknecht S274)

? 8,70 m

Metromachine (Herrenknecht S280)
? 9,40 m

Madriladora (Herrenknecht S280)
? 9,40 m

Mascastiza (Herrenknecht S122)
@940 m

Chotis (Herrenknecht S295)
@940 m

Table 4 Employment of EPB TBM:s in the period 2003-2007

Metro

Metoda / Method

EPB

Tradi¢ni madridska / Traditional Madrid
Hiloubeni / Cut and cover

Presypani / False tunnel

Lehké metro / Light rail transit system
Metoda / Method

Tradi¢ni madridska / Traditional Madrid
Hiloubeni / Cut and cover

Povrch / At grade

Tab. 3 Metody vystavby
Table 3 Construction methods

Druh stavby / Construction type

Tunel / Tunnel

Tunel a stanice / Tunnel and stations
Tunel a stanice / Tunnel and stations
Tunel / Tunnel

Druh stavby / Construction type
Tunely a stanice / Tunnels and stations

Tunely a stanice / Tunnels and stations
koleje / rails

Cut-and-cover

The construction of cut-and-cover tunnels has dominated mainly in
Madrid outskirts and satellite towns, where the conditions on the surface

Traditional Madrid Method

As it follows from the title, this method has been the most frequently
used tunnelling method in Madrid. In 1995, the length of the tunnel tubes
which had been driven by this method was 80km, out of the total length of
116km. It is a traditional tunnelling system where the lining is constructed
in stages, in partial headings. The method is based on the principle that the
calotte excavation is carried out as the first step and the lining of the vault
is installed immediately after the excavation. The excavation of the lower
part of the cross section with side walls follows only when the profile sup-
port by means of the final lining has been finished (see Fig. 8). This met-
hod is slow; the maximum advance rate is 2.5m per day.

20.9.2004 — 3. 5.2005

21.7.2005 - 7. 12.2005

17.10.2005 — 7. 3. 2006

20. 6.2005 —24. 10. 2005

22.11.2005 - 13. 3.

19.5.2005 — 28.
5.5.2005 - 19.
19.7.2005 - 20.
16.5.2005 — 12.
29.9.2005 - 3.
5.7.2005 - 27.
29.6.2005 — 18.
1995 - 1999
22,500 m
60,30 %
5700 m
15,30 %
7900 m
21,20 %
1200 m
3,20 %
2003 — 20007

160 m/0,58 %
9397 m/33,83 %
18217 m/65.,59 %

3.

4.

4

6.

7.

9.

9.

2006

2006

2006

. 2006

2006
2006
2006

2006

Délka / Length
1999 - 2003

38 144 m
69,70 %
3610 m
6,60 %
7037 m
12,90 %
5909 m
10,80 %
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TBMs was used in the period 2003 —2007; nine of them were designed for
double-rail tunnel drives (8 pieces 9.4m in diameter and 1 piece 8.9m in
diameter) and one for a 7.4m-diameter single-rail tunnel. The aggregate
length of 40.9km of tunnels was driven by the EPB TBMs during 26
months; 37km of that length during less than 19 months (this data corres-
ponds to the times for which the TBMs were employed) — more detailed
data is presented in Table 4. Figure 7 presents a Herrenknecht S280 TBM
in a launching pit.

Délka tunelu / Tunnel length

2013
1342
3841
4030
1732
4300
2488
3090
4885
2562
5820

4485

2003 - 2007

44 060 m
74 .94 %
3 805
6,47 %
10 729 m
18,24 %
207 m
0,35 %
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deny v tabulce 4. Na obr. 7 je tunelovaci stroj Herrenknecht S280 ve
startovaci jamé.

Tradi¢ni madridska metoda

Jak vyplyvd z ndzvu, je tato metoda historicky nejpouZivanéjsi
tunelovaci metodou v Madridu. V roce 1995 bylo z 116 km celkové
délky tunelovych trub touto metodou vyrazeno 80 km. Jednd se
o klasickou tunelovaci soustavu, pfi niZ se vystavba ostén{ provadi
ve stadiu dil¢ich vylomu. Princip metody spociva v tom, Ze se nej-
prve provadi vylom kaloty, v némZ se neprodlené vybuduje klenba
osténi. Teprve v profilu zajisténém definitivni klenbou se raz{ spod-
ni ¢dst prafezu, v niZ se buduji opéry osténi — viz obr. 8. Tato meto-
da je relativné pomald, maximalni postup je 2,5 m za den.

Hloubeni
Vystavba tunelt hloubenim dominuje predev§im v okrajovych
¢astech Madridu a v satelitnich méstech, kde nejsou podminky na
povrchu tak stisnéné, zatimco v centru mésta se hloubenim buduji
jen nékteré stanice. Nejcastéjsi postup vystavby byl ndsledujici:
— odkloni se doprava a vybuduji se podzemni stény na pozado-
vanou délku,
— provede se vykop na droven pracovni spary klenby (podle Sitky
se stény rozpiraji &i kotvi),
—na terén dna jamy se postavi bednéni, do kterého se vybetonu-
je klenbova konstrukce,
— po provedeni konstrukce se jdma zasype a obnovi se doprava
na povrchu,
— dal8i vystavba probihd pod ochranou klenbového stropu.
Vedle tohoto postupu se uplatnily i dalSi postupy, napt. ve sva-
hovanych ¢i paZenych jamach.

5. REDUKCE DEFORMACI NADLOZ[

Rozsifeni madridského metra v sobé zahrnuje ruzné druhy sta-
veb: prodlouZeni stdvajicich tras, vystavbu novych stanic (a to
i v jiz provozovanych trasdch) a vystavbu tras lehkého metra mimo
meésto (podzemni i povrchové vedeni tras). Jiz pred vlastni vystav-
bou byl posouzen jeji vliv na okoli (deformace nadlozi, velikost
poklesové kotliny, vliv na okoln{ zdstavbu, inZenyrské sité apod.)
a stanoveny rizikové faktory. Tato analyza vyuZivala ndsledujic{
rozbory:

— zhodnoceni projektové dokumentace (geologického profilu,

dispozice, navrzené konstrukéni metody),

— pasportizace objekta v okolf stavby (typ, zpusob zaloZeni, vyu-

Ziti, stdri apod.),

— vypocet poklesové kotliny (odhad deformace nadlozi),

— posouzeni vlivu deformace nadloZi na konstrukce (z hlediska

limitnich hodnot),

—v pripadé rizikové oblasti provedeni preventivnich méreni

(HPV, odbér vzorkl zemin z nadloZi apod.).

Ovlivnitelné rizikové faktory byly zakomponovany do projekto-
vého feSen{ navrzenim doplnujicich opatfeni:

a) tryskovd injektdz,

b) svislé predsunuté clony z mikropilot,

¢) klasickd injektdZ horninového prostiedi,

d) kompenzacni injektdze,

e) dynamické zhutnovdni,

f) pilotové stény — obr. 10,

g) stabilizace pojivy (cementem, vdpnem),

h) odvodnovani pomoci studni,

i) ochranny destnik z mikropilot ¢i pilot,

j) pilotové stény kolmé na osu tunelu pfi razbé EPB.

6. ZAVER

Na pocatku 21. stoleti md madridské metro jednu z nejrychleji se
rozrustajicich siti, diky linkdm 12 a 9 dokaZze obslouzit i oblasti pred-
méstské a je také navdzdno na systém piiméstské dopravy (Cercanias
Renfe). Jen za posledni Ctyfi roky byl narust délky tras o 83,5 km,
poctu stanic o 81 a bylo proinvestovdno skoro 4 400 milionu eur (viz
tabulka 5). Od kvétna 2007 je madridské metro doplnéno i systémem
tzv. lehkého metra (Metro Ligero). Jeho prvni trasa (ML1) byla otev-
fena v kvétnu 2007 a stavi se i dal§i linky (ML2 severozdpadnim
a ML3 zdpadnim smérem). D4 se konstatovat, Ze se madridské metro

Obr. 8 Madridskd tunelovaci metoda [3]
Fig. 8 The Madrid Method of tunnelling [3]

are not so much constrained, whereas only few stations were built by the
cut-and-cover system in the downtown. The most frequent was a top-down
construction process, consisting of the following steps:

— traffic was diverted and diaphragm walls were installed at a required
length,

— excavation was carried out to the level of the springing of the vault
(the diaphragm walls were braced or anchored, depending on the
width of the excavation),

— a mould was constructed on the bottom of the pit and the concrete
vault was cast on it,

— once the vault structure had been completed, the pit was backfilled
and surface traffic reinstated,

— the other construction work was carried out under the protection of
the vaulted roof.

Apart from the above-mentioned procedure, even other procedures were

applied, e.g. construction in excavations with slopes or in box excavations.

5. REDUCTION OF OVERBURDEN DEFORMATIONS

The expansion of the Madrid Metro network comprises various types of
structures, namely the extension of existing lines, construction of new stati-
ons (even on operating lines) and the development of the light rail transit
system leading outside the city (both underground and at-grade routes). The
impact of the construction on the surroundings (deformations of the over-
burden, the size of the settlement trough, influence on existing buildings and
utility networks etc.) were assessed and risk factors determined before the
commencement of the works. The analysis used the following documents:

— the assessment of design documents (the geological profile, layout,

construction methods designed),

— the condition survey of existing structures (type of structure, type of

foundation, purpose, age etc.),

Obr. 9 Vystavba ve svahované jamé [4]
Fig. 9 Construction in a trench with slopes [4]
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Obr. 10 Predinjektovdni trasy tunelu [3]
Fig. 10 Pre-grouting along the tunnel route [3]

Vv,

stalo jednim z nejvétSich a nejmodernéjSich ve svété. Rozvoj mad-
ridského metra neprinesl jen nové trasy, ale také ohromné zkuSenos-
ti s pouzitim EPB. Je téZ nutné konstatovat, Ze tak rozsdhly projekt
by nebylo mozné realizovat bez:

— plné politické podpory,

— pouziti inovac¢nich technologif,

— plného nasazen{ vSech zdcastnénych stran,

— vyuziti zkuSenosti predeslych zdkonodérnych sboru,

— zapojeni nejlepSich evropskych odbornikt v danych oborech.

Dalsi ¢tyflety pldn rozvoje metra na obdobi 2007-2011 jiz neni
tak ambicidzni a pocitd s prodlouZenim klasického metra o 11 km
(trasy 2, 3,9, 11) a tzv. lehkého metra o 10 km (Puerta de Hierro —
Majadahonda — Las Rozas).

Celkovy rozpocet tunell a stanic " 3 360,18 M€
Celkovy rozpocet dep a skladu 344 34 M€
Celkovy rozpocet ndkupu vozového parku 694,26 M€
Celkem 4 398,78 M€

Y Investice zahrnuji pfipravu projektu, stavebni prdce, vybaveni
a technicky dozor

Tab. 5 Investice v obdobi 2003-2007

Podékovdani

Prispevek byl zpracovdn v rdmci feSeni projektu vyzkumného
zdméru MSM 6840770003 Rozvoj algoritmii po&itacovych simulact
a jejich aplikace v inZenyrstvi

DOC. DR. ING. JAN PRUSKA, pruska@fsv.cvut.cz, CVUT
PRAHA — Fakulta stavebni
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— the calculation of the settlement trough (estimation of the deformati-
on of the overburden),

— the assessment of the influence of deformations of the overburden on
existing structures (from the viewpoint of limiting values),

— the results of preventative measurements which were carried out in
dangerous areas (water table detection, taking of samples of soils
from the overburden etc.).

The following additional measures were incorporated into the design
with the aim of dealing with the risk factors where the reduction of the risk
was possible:

a) jet grouting,

b) vertical, forward positioned curtains consisting of micropiles,

c) traditional grouting of the ground mass,

d) compensation grouting,

e) dynamical compaction,

f) pile walls — see Figure 10,

) soil stabilisation by binders (cement, lime),

h) dewatering wells,

1) protective umbrellas formed by micropiles or piles,

j) pile walls, perpendicular to the tunnel centre line (during EPB TBM

driving).

6. CONCLUSION

At the beginning of the 21st century, the Madrid Metro has one of fas-
test expanding networks of lines. Owing to the Lines 12 and 9, it is capa-
ble of serving even the outskirts and, in addition, is connected to the sub-
urban transport system (Cercanias Renfe). Only during the past four years,
the length of the lines grew by 83.5km, the number of stations by 81 and
nearly 4,400 million euro were invested (see Table 5). The light rail tran-
sit system (Metro Ligero) was added to the Madrid metro network in May
2007. The first line of this system (ML1) was inaugurated in May 2007
and other lines (ML2 heading to the north-west and ML3 to the west) are
under construction. We can say that the Madrid metro has become one of
the largest and most modern in the world. The development of the Madrid
metro brought not only new lines but also plenty of experience of the use
of EPB TBMs. It can also be stated that such an extensive project could
not be implemented without:

— full political support,

— the application of innovative technologies,

— total commitment of all parties involved in the project,

— drawing on the experience gained by preceding legislatures,

—engagement of the best European professionals in the given enginee-

ring branches.

The next four-year plan for the metro development in the period 2007 —
2011 is no more so ambitious; it contains the extension of the traditional
metro lines by 11km (the Lines 2, 3,9 and 11) and of the light rail transit
system by 10km (Puerta de Hierro - Majadahonda - Las Rozas).

Overall budget for tunnels and stations 3360.18 M€
Overall budget for depots and storage facilities 34434 M€
Overall budget for the purchase of rolling stock 694.26 M€
Total 4398.78 M€

1) The budget contains the cost of the design, construction, equipment and
engineering supervision

Table 5 Investments in the period 2003 — 2007
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NOVE ZELEZNICNI TUNELY NA TRATOVEM USEKU
VOTICE - BENESOV
NEW RAILWAY TUNNELS ON VOTICE - BENESOV TRACK SECTION

MICHAL GRAMBLICKA, JIR[ MARA, LIBOR MARIK

uvoD

Rozvoj Zelezni&ni infrastruktury patif jiz fadu let k prioritaim Ceské
republiky a dzce souvisi s potfebou kompatibility nasi Zelezni¢ni sité
s mezindrodnimi dopravnimi tahy v rdmci sjednocované Evropy.
Soucést transevropské trasy ES5 na tizemi naseho statu tvori IV. Zelez-
ni¢n{ tranzitni koridor D&in (stdtni hranice) — Praha — Ceské
Budéjovice — Horni Dvoristé (stdtni hranice). Modernizace Zeleznic-
nich koridort je motivovéna snahou o nalezeni ekologické alternativy
stdle rostouci tranzitni kamionové dopravy a zvySeni komfortu prepra-
vy zboZi i osob. K rozhodujicim parametraim modernizovanych trati
patfi dosazeni prechodnosti kolejovych vozidel tratové tridy D4 UIC,
lozné miry UIC-GC, zajisténi poZadované propustnosti traté a zvySeni
maximaln{ tratové rychlosti az na 160 km/h pfi splnén{ prisnych poza-
davku na bezpecnost dopravy. Na stévajici trati dosahuji nyni osobn{
vlaky prumérné cestovni rychlosti 49 km/h, spésné vlaky a rychliky 72
km/h, coz je z hlediska moderni pfepravy osob nevyhovujici.
Navrhové tratové rychlosti 100 km/h dosahuji vlakové soupravy pouze
na 63 % z celkové délky traté. PoZadovanych parametri modern{
Zelezni¢ni traté 1ze mnohdy dosdhnout pouze za cenu opusténi stavaji-
ciho drazniho télesa a nalezeni optimalizované polohy traté.
Optimalizaci provdzi vznik mnoha umélych stavebnich objektu, ke
kterym kromé Cetnych mostu patfi i tunely.

Na tratovém useku Votice — BeneSov u Prahy délky 18 km vzniklo
béhem zpracovavani jednotlivych projekénich fazi 5 novych dvouko-
lejnych Zelezni¢nich tunell. Vznik tseku se datuje k roku 1870, kdy
doslo k vystavbe jednokolejné trati Tdbor — BeneSov u Prahy. I kdyZ
byl tsek provozovén jako jednokolejny, jiz nasi predkové proziravé
pripravili drdznf téleso pro dvoukolejnou trat’ — samozfejmé na para-
metry odpovidajici dobé vystavby. V soucasné dobé vrcholi projekd-
ni faze dokoncenim projektu stavby a v nejblizsich mésicich lze oce-
kédvat vypsani soutéZe na vybér zhotovitele a ndsledné vlastni realiza-
ci stavby. Pfedmétem ¢ldnku je popis technického feSeni tunelovych
objektd, z nichZ jeden je navrZen jako hloubeny v oteviené stavebni
jdmé, zbyvajici Ctyfi budou raZeny pomoci NRTM. O projektovou
pripravu se déli 3 projekéni kanceldre, pri¢emz generdlnim projektan-
tem a zpracovatelem projektu tunelu Tomicky II. je firma SUDOP
Praha, zpracovatelem nejdelStho razeného Zahradnického tunelu je
firma Metroprojekt a piipravou projektu dalSich 3 tuneld Voticky,
Tomicky I. a Olbramovicky je povérena firma IKP Consulting
Engineers.

GEOTECHNICKE POMERY — SPOLECNE ZNAKY UZEMI

Zajmové tzemi se nachaz{ pfi jihovychodnim okraji stfedoceského
plutonu, v blizkosti vybé7ku moldanubika a je budovédno zejména
paleozoickymi, hlubinnymi a Zilnymi vyvfelinami. Horniny jsou velmi
variabilni a jsou charakteristické svou znacnou petrografickou pest-
rosti. Pfevazujicimi horninovymi typy jsou drobnozrnné Zilné granity
a aplity a v &dsti tzemi porfyrické, stiedné zrnité, amfibol-biotitické
Zuly a porfyrické, stiedné zrnité biotitické Zuly s amfibolitem sedl¢an-
ského typu. Lokdlné se v trase tunelu vyskytuji kontaktni metamorfity
zastoupené cordieritickymi rulami a migmatity.

Rozpukdni hornin je znalné, prevazuje velmi velkd az velkd husto-
ta diskontinuit (D4 — D5), pouze vyjime¢né byla zjisténa stiedni hus-
tota diskontinuit (D3). Pukliny jsou zpravidla vSesmérné, neprab&zné
a seviené, pripadné vyhojené Zilnym kfemenem. V okoli tektonickych
linif a poruchovych z6n jsou horniny intenzivné alterované a zpravidla
podrcené.

Kvartérni pokryv je v trase tunelu zastoupen deluvidlnimi
a fluviodeluvidlnimi sedimenty, jejichZ mocnost se pohybuje od 0,5 do
10 m. Jsou zastoupeny prevdzné nesoudrznymi pis¢itymi zeminami
(tfida S4/SM) s proménlivou pifmési dlomku hornin. Zeminy jsou

INTRODUCTION

The development of railway infrastructure has belonged among priorities
in the Czech Republic for many years. It is closely related to the need for the
compatibility of Czech railway network with international transport routes in
the process of European unification. The part of the Trans-European route
ESS5 which runs through the Czech Republic consists of the 4th railway tran-
sit corridor D&&in (the border with the FRG) — Prague — Ceské Budéjovice —
Horni Dvoristé (the border with Austria). The upgrading of railway corridors
is motivated by efforts to find an ecological alternative to the ever growing
transit haulage on roads and to increase the comfort of goods/passenger tran-
sport. Crucial objectives of the upgrading of tracks are, among others, to
reach the spatial passability for rail cars of the D4 UIC track loading class and
UIC GC loading gauge, to ensure the required carrying capacity of tracks and
allow the increase in the speed limit to 160 km/h while meeting stringent
requirements for the safety of traffic. Today, passenger trains and express/fast
trains running on existing railways achieve the average travelling speed of 49
km/h and 72 km/h respectively, which is unsatisfactory for modern passen-
ger traffic. The design speed of 100 km/h is achieved by trains only on 63%
of the aggregate length of tracks. The parameters which are required for
modern railway lines can be often achieved only at the expense of the aban-
doning of the existing track bed and finding an optimised track alignment.
The optimisation is associated with the origination of many artificial structu-
res — not only numerous bridges but also tunnels.

Requirements for 5 new double-rail tunnels originated during the indivi-
dual phases of the design for the 18km long track section between Votice and
Benesov. The origination of this track section goes back to 1870, when the
single-track railway line from Tébor to BeneSov u Prahy was built. Despite
the fact that the track was operated in a single-track mode, the track bed was
prepared by our ancestors to be able to accommodate a double-track line, of
course with the parameters adequate for the given time of the construction.
The design phase is currently culminating by the finishing of the final design;
the contract will go out to tender in the nearest months and the commence-
ment of the works will follow immediately. The subject of this paper consists
of the description of the engineering solution to the tunnel structures — one of
them being a cut-and-cover structure, the remaining three tunnels to be mined
using the NATM. The work on the design is divided among three firms of
consulting engineers, where SUDOP Praha a.s. is the general designer and is
responsible for the design for the Tomice II tunnel, Metroprojekt a.s. is res-
ponsible for the design for the longest mined tunnel, Zahradnice, and IKP
Consulting Engineers s.r.o. will carry out the designs for other three structu-
res, i.e. the Votice, Tomice I and Olbramovice tunnels.

GEOTECHNICAL CONDITIONS — COMMON FEATURES
OF THE AREA

The area of operations is found at the south-eastern edge of the Central
Bohemian pluton, in the vicinity of the Moldanubic; it consists mainly of
intrusive/dike Palacozoic rocks. The rocks are very variable, with a very che-
quered petrographical character. Finely-grained vein granites and aplites and,
within a part of the area, porphyritic, medium-grained amphibole-biotitic gra-
nites containing the SedlCany-type amphibolite dominate. Rocks produced
by contact metamorphism, represented by cordieritic gneiss and migmatites,
occur locally along the tunnel routes.

The rock mass is significantly fractured, with very close to close joint spa-
cing (D4 — D5); moderate joint spacing (D3) was determined only exceptio-
nally. The joints are usually omni-directional, closed and tight, somewhere
with vein quartzite infill. The rocks are intensely altered and usually sheared
in the vicinity of tectonic lines and weakness zones.

The Quaternary cover along the tunnel route, with its thickness varying
from 0.5m to 10m, is represented by diluvial and fluvial-diluvial sediments.
The sediments consist mainly of non-cohesive sandy soils (class S4/SM)
with a variable addition of rock debris. The soils are medium dense to loose.

The thickness of humic layers along the tunnel route fluctuates up to 0.5m.
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stfedné ulehlé az kypré. Mocnost huméznich vrstev se v trase tunelu It is possible to state on the basis of the knowledge gained by the research
pohybuje do 0.5 m. that, even though the rock mass appears to be variable, above all from
Na zdkladé poznatku, ziskanych z pruzkumu, lze konstatovat, Ze ac a petrographical point of view (granites, aplites, pegmatites, gneiss and mig-
se horninovy masiv predev§im z hlediska petrografického jevi jako matites), that all of the rock mass consisting of the above rocks is
ruznorody (granity, aplity, pegmatity, ruly a migmatity), z hlediska a “granitoid” or also “crystalline” complex. The rocks, if in sound forms, vir-
geotechnického maZeme tyto horniny ozna€it jako ,.granitoid”, nebo tually do not differ from each other and behave as a single rock type. What
také , krystalinikum®. Ve zdravé formé se od sebe prakticky nelisi really does affect the properties of the crystalline massif is the rock weathe-
a jevi se jako jeden typ horniny. To, co opravdu ovliviiuje vlastnosti ring and the degree of tectonic faulting. The rocks are affected by numerous
krystalického masivu, je jeho zvétrdn{ a stupen tektonického porusent. tectonic faults with variable thickness and degree of faulting and weathering,
Horniny jsou v zdvislosti na vySce nadlozi a morfologii terénu posti- depending on the height of the cover and the terrain morphology.
Zeny Cetnymi tektonickymi poruchami proménlivé mocnosti From a hydrological point of view, granitic rocks are, as a whole, relative-
a intenzity poruSenf a zvétrani. ly little permeable and display only limited degree of fissure permeability.
Z hydrogeologického hlediska jsou granitické horniny jako celek The degree of permeability mostly diminishes with depth, being the highest
pomérné mdlo propustné a disponuji jen omezenou puklinovou pro- in the zone of the surface disintegration of rock mass, i.e. at the future tunnel
pustnosti. Velikost propustnosti s hloubkou vétSinou klesd, nejvetsi je level or above. Water is supplied to the aquifer solely through the infiltration
Vv pasmu povrchového rozpojeni hornin, tj. v trovni nebo nad tGrovni of precipitation within the hydrogeological catchment area; the water which
budouciho tunelu. Dotace vody do zvodné je zajiStovana vyhradné is collected in morphological depressions is drained to local minor water
infiltraci atmosférickych srazek v hydrogeologickém povodi, COUTses.
k,odvodném’v flOChéZf v morfologickych depresich do mistnich drob- The above-mentioned characteristics cover the area as a whole. Separate
nych vodoteci. geotechnical surveys were conducted for each tunnel as parts of the work on

Uvedena charakteristika plati pro tizemi jako celek. Pro kazdy tunel
byl v rdmci zpracovani projektové dokumentace proveden geotechnic-
ky pruzkum, ktery podminky v trase tunelu a zejména portdlovych
usecich déle upfesnuje. Vzhledem k rozsahu ¢lanku vSak nelze geo-
technické poméry jednotlivych tunell bliZze specifikovat. Oekédvané
geotechnické poméry, chovani horninového masivu pfi razbé a zptsob
zajisténi stability vyrubu popisuji v projektu navrZzené technologické
tiidy vyrubu.

the final design. The surveys provided more details about the conditions
along the tunnel route, mainly in the portal sections. With respect to the
extent of this paper, the geotechnical conditions cannot be specified for each
tunnel in more detail. The anticipated geotechnical conditions, the behaviour
of the rock mass during the excavation and the method of the stabilisation of
the excavation are described by means of the excavation support classes
which are specified in the design documents.

ENGINEERING SOLUTION OF TUNNELS

In terms of the structural type, all of the tunnels can be divided into two
groups: cut-and-cover structures, which are built in an open trench, and struc-
tures constructed by mining methods, i.e. tunnels driven by traditional met-
hods, namely the NATM. A great asset to the construction of railway tunne-
Is in the Czech Republic is the Standard Sheet for a double-rail tunnel cross
section, which unifies the geometry of the internal contour of the lining for
both cut-and-cover and mined tunnels. It facilitates the administrator’s work
on the unification of the structural design, maintenance and contingent repa-
irs of tunnel lining and makes it possible for the contractor/contractors to use
only one type of travelling tunnel formwork. The use of the unified shape of
the lining even minimises potential errors in the design associated with spa-
tial relationships between the kinetic envelope and the surface of the lining.
All tunnels within the track section in question have, therefore, identical
shape of the upper vault lining; the shapes of safety recesses, emergency
walkways and the space for the ballast and trackwork are also identical.
A rigid connection (fixation) of the upper vault structure to footings or to the
bottom/inverted vault structure of a tunnel is a characteristic feature for cut-
and-cover tunnels. Regarding the mined tunnels, the connection of the final
lining has the form of a construction joint between the upper vault and foo-
tings or inverted arch, without the splicing of the reinforcement of the two
structures. While the thickness of the primary lining corresponds to the anti-
cipated geotechnical parameters and behaviour of the rock mass in indivi-
dual sections of the excavated tunnel route, the thickness of the final lining
is constant throughout the tunnel length. Changes in the rock mass behavi-

KONSTRUKCNI RESENI TUNELU

Z hlediska konstrukéniho typu 1ze vSechny navrhované tunely roz-
délit na konstrukce provadéné v hloubené stavebni jame a konstrukce
provddéné hornickym zpusobem, tj. raZené konvenné pomoci NRTM.
Velky ptinos pro provadéni Zelezni¢nich tuneld v Ceské republice
predstavuje Vzorovy list dvoukolejného Zelezni¢niho tunelu, ktery
unifikuje tvar vnitfniho lice osténi hloubenych i raZenych tunelu.
Sprévci usnadnuje sjednoceni konstrukéniho feSenf tidrzbu a pripadné
opravy osténi tuneld, zhotoviteli ¢i zhotovitelim umoZiuje napf. pou-
zit{ jednoho typu bedniciho vozu. Pouzitim unifikovaného tvaru osté-
ni se rovnéZ minimalizuji moZné chyby projektu zpusobené prostoro-
vymi vztahy mezi tunelovym prijezdnym prifezem a licem osténi.
Vsechny tunely na predmétném tratovém tseku maji proto identicky
tvar osténf horni klenby, tvar zdchrannych vyklenku, pochozi stezky
i prostoru pro uloZeni Stérkového loZze a Zelezni¢niho svrsku.
Charakteristickym rysem hloubenych tseku tunelt je tuhé napojeni
(vetknut{) konstrukce horn{ klenby do patek, resp. do konstrukce spod-
ni klenby tunelu. V razenych tsecich tunelu je napojeni definitivniho
osténi provedeno pouze kontaktnim uloZenim horni klenby na patkach
nebo na spodni klenbé bez propojeni vyztuze obou konstrukei.
Zatimco tlouStka primdrniho osténi odpovidd predpoklddanym geo-
technickym parametrim a chovani horninového masivu v jednotlivych
tsecich razby, tloustka definitivniho osténi se po délce tunelu neméni.
Pripadné rozdilné chovéni horninového masivu bude zohlednéno pri
dimenzovéni definitivniho osténi aZ na zakladé vysledka geotechnic-

kého monitoringu provadéného béhem razby tunelu. To umozni efek- our, if any, are allowed for in the struf:tural 'dl’l'c.llyS.iS of thf: final liningZ on the
tivni ndvrh osténi na zdkladé skutednd zastienych geotechnickych bas¥s of the results of th? geotef:hmcal monitoring which was Farrled out
podminek. Pfi potvrzeni predpokladd geotechnické progndzy during the tunnel excavation. This approach allows the engineering consul-
a deformaéniho chovani horninového masivu béhem razby lze oceké- tant to design the lining in compliance with the requirements of the actually
vat provadéni vétsi &asti raZzenych tsekd tuneld z nevyztuZeného defi- encountered geotechnical conditions. When the assumptions contained in
nitivniho osténi. Definitivni osténi tunelu standardné tvoii monolitic- the geotechnical prognosis are confirmed and the actual deformational beha-
ky beton C25/30 XF2. Pouze portdlové bloky tuneld jsou na Zadost viour of the rock mass during the excavation does not differ from the anti-
objednatele provedeny z betonu C30/37 XF3. cipations, it can be expected that the majority of the mined sections of the
Geometrii vnitiniho lice osténi uréuje v celém rozsahu horni klenby tunnel will be provided with an unreinforced concrete final lining. The final
kruznice o poloméru 5700 mm se stfedem v ose tunelu v drovni lining of a tunnel is cast using C25/30 XF2 unreinforced concrete as
1900 mm nad temenem kolejnice (TK). Tloustka definitivniho osténi a standard. Only the portal blocks of tunnels are in C30/37 XF3 — grade
razenych tunelu se pohybuje od 350 mm a smérem k boku tunelu se concrete, if the client wishes so.
mirné rozsifuje. Minimdlni tlouStka hloubenych udseku tunelu je The geometry of the inner contour of the whole upper vault lining is deter-
600 mm a smérem k bokim tunelu narustd. Na rozdil od raZenych mined by a circle with the radius of 5700mm and the centre on the centre line
tunell, jejichZ rub osténi je i v bocich kruhového tvaru, jsou boky of the tunnel and at a level of 1900mm above the top of rail. The thickness of
hloubenych tunelt svislé. the final lining of mined tunnels is 350mm in the crown and it slightly incre-
Osa tunelu se v dsecich leZicich ve smérovém oblouku odsazuje od ases toward the tunnel sides. The minimum thickness of the lining of cut-and-
osy koleji v zdvislosti na poloméru oblouku a hodnoté prevyseni. cover tunnels is 600mm and it increases toward the tunnel sides. In contrast
Odsazeni osy tunelu od osy koleji umoziuje optimalizovat polohu to mined tunnels, where the outer contour of the lining is circular even on the

sdruzeného tunelového prujezdného prafezu (STPP) tak, aby nedoslo sides, the side walls of cut-and-cover tunnels are vertical.
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Osa kolej €. 1
No. 1 track axis
Osa kolej €. 2
No. 2 track axis
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Obr. 1 Vzorovy priény rez hloubeného tunelu
Fig. 1 Typical cross section for a cut-and-cover tunnel

k dotyku STPP a hranice pojistného prostoru tunelu, resp. aby bylo
maximélné vyuZito toleranci mezi STPP a pojistnym prostorem tune-
lu. Podrobnéjsi informace o tvaru osténi viz obr. 1 a 2.

Systém odvodnéni a drendZi tunelt se sklddd z kombinace destniko-
vé foliové izolace v razenych dsecich tuneli a vodonepropustného
osténi hloubenych tuseku tuneld. V celé délce je navrZena podélnd
boéni a stiedni tunelovd drendz, kterd vodu stékajici po izolaci nebo

osténi sbird a gravitalné odvadi smérem k vyjezdovym portdlim.

TECHNOLOGICKE VYBAVENI TUNELU

SloZitost technologického vybaveni Zelezniénich tuneld zdaleka
nedosahuje drovné technologického vybaveni silni¢nich tuneld. Piesto
vyzaduje bezpecny provoz i bezproblémova tdrzba Zelezni¢niho tune-
lu instalaci fady prvka vybaveni tunelu. U novostaveb tunelt plati
zdsada o umistovani kabelt a trubnich vedeni do kabelovodi pod
pochozi stezkou, nebo do chréanicek v osténi. Vedeni kabell po osténi
se zejména z divodu vandalstvi a moZnosti zcizeni nedoporucuje.
K jiz témér standardnimu feSen{ kabelovych tras v Zelezni¢nich tune-
lech patii umistovéani deviticestnych multikandli do vypliiovych beto-
nu pod drovni pochozi stezky. Pro instalaci kabeli a moZnost jejich
odboceni k osvétleni nebo zdsuvkdm jsou na kabelovodu umistény
Sachty. Poloha $achet koresponduje s polohou zédchrannych vyklenku
a jejich vzddlenost neprekraCuje 25 m. Pouziti multikandlu spolu
s kabelovymi Sachtami umoZnuje snadnou revizi stdvajicich veden{
nebo pripadné doplnéni dalich siti pfi provozovdn{ tunelu. Zdchranné
vyklenky situované v zdvislosti na délce bloku betonaze ve vzdile-
nosti 20 m nebo 24 m nabizeji dostatek prostoru pro umisténi Sachet
na ¢iSténi bo¢ni tunelové drendZe nebo vytokovych ventila pozdrniho
suchovodu. Suchovod je nezavodnéné potrubi, které v pripadé pozaru
v tunelu slouzi k vedeni vody co nejblize k ohnisku pozdru. Zdroj
pozdrn{ vody poskytuje bud pfipojend poZirn{ cisterna, mistni vodo-
vodni fad nebo pozdrni nadrZ situovand v blizkosti portdlu. Suchovod
neni nutno chrénit proti promrzan{ a je instalovdn ve vSech popisova-
nych tunelech tratového tseku Votice — BeneSov. Osvétleni tunelu lze
zapnout v pifpadé pochuizky na obou portédlech. Kromé osvétleni umis-
téného po obou strandch v kazdém tunelovém pdsu lze pri ddrzbé tune-
lu pouZit zdsuvkovy okruh. K bezpe¢nostnim prvkum patii protidoty-
kové zdbrany nad trakénim vedenim na portdlech, madlo umisténé na
bocich tuneld podél pochozi stezky, znaceni nejkratSiho dniku
k zéchrannému vyklenku nebo smérem k portdlu. Lokalizaci ptipad-
nych poruch usnadnuje ¢islovani tunelovych pasu, které odpovidd blo-
kum betonéZe tunelového osténi. Do osténi tunelu jsou osazeny méfic-
ké body pro méfeni prostorové pruchodnosti trati.

VOTICKY TUNEL

Tunel délky 588 m pojmenovany podle nedalekého mésta Votice je
jako jediny navrZen v celém rozsahu hloubeny v otevrené stavebn{
jdmé. Vznikl v prubéhu zpracovani jednotlivych stupfii projektové
dokumentace v mist€ puvodné navrhovaného hlubokého skalniho
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Obr. 2 Vzorovy pri¢ny rez raZeného tunelu
Fig. 2 Typical cross section for a mined tunnel

The centre line of a tunnel in the sections which are on a horizontal curve
is offset from the centre line of rails, depending on the diameter of the curve
and the value of superelevation. The offset from the centre line of the tunnel
allows the designer to optimise the position of the combined tunnel clearan-
ce profile (CTCP) so that a contact between the CTCP and the border of the
safety space in the tunnel is avoided or that the tolerances between the CTCP
and the safety space in the tunnel is used to a maximum extent. For more
detailed information on the tunnel lining geometry see Figures 1 and 2.

The tunnel drainage system consists of a combination of umbrella-type
membrane waterproofing in the mined sections of tunnels and water-retai-
ning concrete lining in the cut-and-cover sections of tunnels. Longitudinal
drains run along both side walls and along the centre line of the tunnels. They
collect water running down the surface of the membrane or the surface of the
lining and evacuate it gravitationally toward tunnel portals.

TUNNEL EQUIPMENT

The complexity of railway tunnel equipment is far from the level of road
tunnel equipment. Even then the safety of traffic and trouble-free maintenan-
ce of a railway tunnel require that a number of elements of tunnel equipment
be installed. A rule applies to newly built tunnels that cables and pipelines
must be placed in cableways embedded under emergency walkways or in
tubes cast into the lining. The mounting of cables on the surface of the lining
is not recommended, above all because of vandalism and the possibility of
theft. One of nearly standard solutions to the cableways in railway tunnels is
the embedment of 9-way ducts in non-structural concrete under the emergen-
cy walkway level. There are manholes on the cableways allowing the instal-
lation of cables and branching to lighting fixtures or sockets. The locations of
the manholes corresponds to the locations of safety recesses; the shaft spacing
does not exceed 25m. The use of multiple-way ducts together with cable shafts
allows easy inspection of existing lines or, if necessary, the addition of new
networks during the tunnel operation. Safety recesses, which are located at
20m or 24m spacing (depending on the length of the block of the tunnel lining)
offer sufficient space for inspection manholes on the side drains or outlet val-
ves of the dry fire main. The dry fire main is an empty pipeline which is used
for the delivery of water as close to a seat of fire in the case of an accident as
possible. The source of fire-fighting water is either a fire-fighting tank conta-
iner connected to the pipeline, a local water main or a fire reserve located near
the tunnel portal. The dry fire main does not have to be protected against fre-
ezing; it will be installed in all of the above described tunnels in the Votice —
Benesov track section. The tunnel lighting can be switched at both portals in
the case of an inspection. In addition to the lighting fixtures, which are instal-
led on both sides of each tunnel block (concrete casting block), a socket
branch circuit is available for maintenance purposes. There are other safety
elements in tunnels, such as a touch-prevention system over the contact lines
at tunnel portals and a hand rail installed on tunnel walls along emergency
walkways or signs marking the shortest escape way to a safety recess or to
a portal. Defects are easier to locate owing to the system of the numbering of
tunnel blocks (i.e. blocks which correspond to the casting blocks of the tunnel
lining). Monitoring points are fixed in the tunnel lining for the purpose of the
monitoring of the spatial passability of the track.
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VOTICE TUNNEL

This 588m long tunnel, which was named
after the nearby town of Votice, is a cut-and-
cover structure throughout its length. This
solution originated during the individual stages
of the design work as a result of a gradual inc-
rease in the depth of the track in a location
where the initial design proposed a deep open
rock cut. Structural, operational and environ-
mental reasons led to the replacement of the

A deep cut by a tunnel structure. The solution
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containing the tunnel significantly reduces the
excessive volume of excavation as a result of
steeper slopes on the sides of the temporary
construction trench and the use of the excava-
ted material for backfilling. The excavation
volume reaches nearly 150,000 m?. The back-
fill volume of 85,000 m? will reduce the excess
of material more than by half. The solution
based on a tunnel simplifies the long-term, dif-
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Obr. 3 Vzorovy pricny rez Votického tunelu
Fig. 3 Typical cross section for the Votice tunnel

zéfezu jako dusledek postupného zahlubovani nivelety traté. Z davoda
konstruk&nich, provoznich i ekologickych vedlo technické feSeni
k nahrazeni hlubokého zdrezu tunelem. Tunelové feSen{ vyrazné sni-
Zuje prebytky vykopu zestrmenim docasnych svahl stavebni jamy
a provedenim zpétnych zdsypu. Objem vykopu dosahuje bezméla
150 000 m3. Zpétny zdsyp o objemu 85 000 m* sniz{ prebytek materi-
dlu o vice nez polovinu. Tunelové feseni zjednodusuje dlouhodobou
obtiznou ddrzbu vysokych skalnich svahi. Ma proto pozitivni dopad
jak do investi¢nich, tak i provoznich ndkladia. Nezanedbatelnym,
i kdyz obtizné finan¢né vycislitelnym hlediskem, je i pozitivni dopad
na réz tzemi. Zohlednovéni ekologickych aspektd vSak hraje stdle
VELST roli a patif ke znakiim vysp€lé spolecnosti.

Jednoplastové osténi tunelu tvoii Zelezobetonovd monolitickd kon-
strukce z betonu C 25/30 odolného proti prusakim. Jednd se o prvni
pouziti tohoto zplisobu zajisténi vodotésnosti osténi v Ceské republi-
ce. Zvlastni pozadavky na vodonepropustnost osténi stanovuji TKP 20
— Tunely. BetondZ sekundédrntho osténi probiha do bedniciho vozu po
blocich betonaZe délky 10 m. Tloustka osténi hloubené Cdsti tunelu je
min. 500 mm, v paté zdkladd 800 mm. Délka bloku betondZze 10 m je
volena s ohledem na pozadavek vodotésnosti konstrukce a typizaci
blokl betondZe pfi vzddlenosti zdchrannych vyklenka 20 m. V trase
tunelu se paradoxné vyskytuji velmi dobré geotechnické podminky jiz
v malé hloubce pod povrchem. Jedingm divodem, pro¢ tunel neni
razen, je nedostatecnd vyska nadlozi. Kvalita horninového masivu
viak umoznuje v dolnich partiich stavebni jamy provadeét svislé stény,
které slouZi jako opora tunelového osténi a umoziuji do celkového sta-
tického chovani konstrukce plné zapoditat tuhost horninového masivu.
To vede k ndvrhu subtilnéj$i konstrukce neZ v ptipadé tunelu obsypa-
ného z boku zpétnym zdsypem, jehoZ tuhost je fddoveé mensi.

Utelem zajisténi vodotésnosti tunelu bez pouziti fliové izolace je
snaha vyloudit riziko jejtho poskozeni pfi provddéni zpétnych zdsypu
velkého rozsahu. V pripadé prasaki lze sanaci na rozdil od féliové izo-
lace provést cilené v mist€ lokdlniho poruseni celistvosti betonu, coZ
vyrazné zvySuje Sance na uspeéSnost provedeni sanace. Spary mezi
bloky betondZe jsou t€snény pomoci vnitfnich t€snicich past. Pojistny
systém tvori hadi¢ky umozniujici dodate¢né doinjektovéni spar v misté
tésnicich pdsu. Dalsi opatfeni, snizujici riziko prusaku vody osténim,
je noppova félie instalovana ve vrchliku horni klenby tunelu. Vodu
volné stékajici po osténi tunelu, resp. noppové folii, jimaji podélné
tunelové drendZe, které vodu gravitaéné odvadéji k portdlu tunelu.
Propustnost zdsypového materidlu i drendzni systém vylucuji tlakové
pusobeni vody a minimalizuji nebezpe&i prusaki vody osténim.
V kazdém druhém zéchranném vyklenku je po 40 m umisténa Sachta
na &isténi boéni tunelové drendze DN 200. Zpétny zasyp zdfezu sta-
vebni jamy je odvodnén po obou strandch tunelu dal$i podélnou dre-
ndzi DN 250 mm. Tuto drendZ nelze po provedeni zpétného zdsypu
Cistit. Proto je navrzen vétsi prumér drendZe, proveden obsyp filtrac-
nim materidlem a od vrstev zpétného zasypu je filtracni material odde-
len geotextilif. Technické feSen{ viz obr. 3.

ficult maintenance of high rock slopes. It, the-

refore, positively affects both the investment
costs and operating costs. Even the positive impact on the nature of the count-
ryside is not negligible, even though its financial benefit is hard to evaluate.
Anyway, due consideration for environmental aspects plays ever more impor-
tant role and belongs among attributes of an advanced society.

The single-pass tunnel lining is a reinforced concrete, cast-in-situ structu-
re (C 25/30 — grade, water-retaining concrete). This is the first case of appli-
cation of this method of ensuring waterproofness of a tunnel lining in the
Czech Republic. Special requirements for the waterproofing capacity of
a lining are contained in technical specifications TKP 20 — Tunnels. The
secondary lining will be cast in 10m long blocks, using travelling formwork.
The lining of the cut-and-cover tunnel is 500mm as the minimum; it is
800mm thick at the level of foundation. The length of the casting block of
10m is selected with respect to the requirement for the waterproofness of the
structure and standardisation of the blocks, taking into consideration the
distance between safety recesses of 20m. Paradoxically, the geotechnical
conditions which exist along the tunnel route are very good even at a shallow
depth. The only reason why mining methods are not used for the tunnel con-
struction is the insufficient height of the overburden. Owing to the good qua-
lity of the rock mass, it is possible to excavate the construction trench with
the side walls vertical in lower levels so that they support the tunnel lining;
as a result, the rigidity of the rock mass can be fully counted with in the ove-
rall structural analysis of the tunnel. The resulting design of the structure is
then slenderer than it could be in the case of a tunnel covered on both sides
by backfill, the rigidness of which is lower by an order of magnitude.

The objective of the system which provides the tunnel waterproofing wit-
hout a waterproofing membrane is the effort to eliminate the risk of damage
to the membrane during the course of large-scale backfilling operations. If
a leak appears, the repair can be carried out exactly in the particular location
where the integrity of concrete was compromised. The chance of success is
then much higher. Joints between casting blocks will be sealed using inner
waterstops. The back-up system will consist of tubes allowing additional
grouting into the joints, near the waterstops. Another measure which reduces
the risk of seepage through the lining is a dimple sheet membrane, which will
be installed in the crown of the tunnel vault. The water which freely runs
down the tunnel lining, which may be covered by the dimple sheet membra-
ne, will be collected by longitudinal drains, to continue gravitationally to the
tunnel portal. The permeability of the backfill material and the drainage sys-
tem will prevent the pressure action of water on the lining and minimise the
risk of water leakage through the lining. An inspection shaft will be installed
on the DN200 longitudinal drains in every other safety recess. The backfill
of the construction trench will be provided with additional DN 250mm lon-
gitudinal drains on both sides of the tunnel. Once the trench is backfilled, the
clearing of the drains will not be possible. For that reason, the design requi-
res a larger diameter of the drains, backfilling with a filtering material and
separation of the filtering material from the backfill by geotextile. For the
engineering solution see Fig. 3.

OLBRAMOVICE TUNNEL

The name of the tunnel is after the nearby village of Olbramovice, which
originated in the middle of the 12th century. The track section which runs
through the tunnel consists of 60m long cut-and-cover sections at both portals,
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OLBRAMOVICKY TUNEL

Tunel nese jméno nedaleké obce Olbramovice, jejiZ historie sahd aZ
do poloviny 12 stoleti. Trat' vedenou v tunelu tvoii 60 m dlouhé hlou-
bené dseky u obou portdli provadéné v oteviené svahované stavebni
jame a tsek délky 360 m razeny pomoci NRTM. Celkova délka v ose
tunelu dosahuje 480 m. Podélny sklon tunelu 10,50 %o klesd ve sméru
staniCen{ trat¢ smérem od vjezdového k vyjezdovému portdlu.
Smérovy oblouk v koleji €. 1 o poloméru R = 1204 m umoznuje doséh-
nout pozadované prepravni rychlosti. Osa tunelu je pii prevySeni
122 mm odsazena od osy koleji o 200 mm smérem ke koleji ¢. 2.
Svahy stavebn{ jamy hloubenych tseku zajiStuje proti povrchové erozi
stfikany beton se siti. Celkovou stabilitu svahu zvySuji kotvy typu SN
osazované do cementové zdlivky. Trvale obnazené svahy portdlového
zarezu, které nebudou zpétné zasypané, zajistuji proti opadavani uvol-
nénych kamenu plastové sité. Stifkany beton v této &dsti svaha neni
pouzit, aby byl minimélné narusen rdz krajiny i chemismus vod prosa-
kujicich vrstvami pokryvu.

Primdrn{ ostén{ ze stfikaného betonu C20/25 X0 tloustky 150, 200
a 250 mm déle tvori ocelové prihradové rdmy, vyztuzné sité, kotvy
a v oblasti ohrozené nestabilitou piistropi predrdzené ocelové jehly.
Pro stabilizaci Celby Ize podle potieby pouZit pritéZovaci ¢elbovy klin.
Na celkové stabilité dila se vyrazné podili prokotveny horninovy
masiv. Ndvrh technologického postupu praci a zajistén{ stability vyru-
bu vychdzi z uritych predpokladi o chovéni horninového masivu
a predepisuje standardni postup razby a zajisténi vyrubu v takto defi-
novaném prostiedi pomoci technologické tiidy vyrubu. Béhem vystav-
by muZe dojit k nepfedvidanym situacim, které vyZaduji okamzZitou
reakci na stavajici vzniklé podminky. Pokud by doslo k zdsadnimu
lokdlnimu zhorSeni geotechnickych podminek, je nutné pouzit dalsi
adekvétni opatieni pro zaji$tén{ stability vyrubu a bezpe&nosti razby.

Jedna se zejména o:

— dal3{ ¢lenéni dil¢ich vyruba (pfedevsim v kaloté);

— dpravu délky zabéru;

— dpravu délky, rozméru, typu a poctu kotev jak na Celbé, tak

v osténf;

— dpravu vzdalenosti Celeb dil¢ich vyrubu.

Piislu$né rozhodnuti o zméné standardniho postupu ucini kompe-
tentni zdstupci zadavatele a zhotovitele pfimo na stavbé. V pripadé
ohroZeni bezpecnosti osob nebo majetku zhotovitel provede opatren{
ihned bez projedndvani a pouZitd opatfeni projednd dodate¢né. Razeny
usek je podle prognézy geotechnickych podminek rozdélen do 5 tech-
nologickych tfid vyrubu oznaCenych II. az VI. Charakteristické udaje
pro razbu a zajiSténi stability vyrubu v jednotlivych technologickych
tiidach viz tab. 1.

Technologické tridy vyrubu se ddle 1isi schématem kotveni lice
vyrubu, zpusobem stabilizace Celby, jehlovdnim apod. Jednotlivé
prvky zajisténi stability vyrubu byly posouzeny podle metodiky
rakouské normy ONORM B2203.

V rdmci projektové dokumentace pripravil zpracovatel vzorové
pricné fezy hloubenych i raZenych dseku tunelu se spodni klenbou
a s uloZenim horn{ klenby na patkdch. I kdyZ je na zdkladé prognézy
urceno rozdéleni na tseky provddéné se spodni klenbou nebo patkami,
definitivni rozhodnuti padne aZ béhem realizace na zdkladé skute¢né
zastizenych geotechnickych podminek.

Pristupova komunikace pro prijezd zachrannych jednotek v pripadé
havdrie v tunelu je situovédna do prostoru zdfezu mezi tunely Votickym
a Olbramovickym. Diky vzdélenosti portdld 100 m komunikace obs-
luhuje soucasné oba tunely.

ZAHRADNICKY TUNEL

Tunel pojmenovany podle obce Zahradnice celkové délky 1044 m je
navrZen jako raZeny s hloubenymi portdlovymi tdseky. Smérové vede-
ni trasy v tunelu prechdzi z primé do prechodnice a ndsledné kruhové-
ho oblouku o poloméru 1404 m. Tunel v celé délce klesd ve sméru sta-
ni¢eni ve sklonu 9,00 %o. Osa tunelu v pfimé je totoznd s osou drahy,
v prechodnici a v oblouku je odsazena od osy drdhy smérem dovnitf
oblouku.

Konstrukce hloubenych dseku tunelu je provddéna ve svahované
stavebni jamé, kterd je s ohledem na svou hloubku vertikdlné ¢lenéna
prevazné na 3 etdze. Jednotlivé etdZe jsou oddéleny horizontdlnimi
lavicemi §itky 1 m. Stény stavebni jamy jsou zajistény stifkanym beto-
nem vyztuZenym ocelovou siti a kotveny hrebiky. Délka hloubeného
vjezdového dseku je 48 m, délka vyjezdového dseku je 60 m. Na
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where an open trench with sloped sides will be excavated, and a 360m long
mined section, where the NATM will be used. The total length on the centre
line of the tunnel will reach 480m. The tunnel will be on a longitudinal gradi-
ent of 10,50 %o, falling, in the direction of the track chainage, toward the exit
portal. Rail # 1 will be on a horizontal curve with the radius R = 1204 m,
which is sufficient for the required travelling speed. At the superelevation of
120mm, the centre line of the tunnel will be offset from the centre line of the
rails by 200mm toward rail #2. The slopes of the construction trench in the
cut-and-cover tunnel section will be protected against surface erosion by
sprayed concrete with mesh. The overall stability of the slope will be impro-
ved by SN anchors which will be inserted in cement mortar. The falling of sto-
nes from the slopes of the portal cut which will not be backfilled and will
remain permanently bare will be prevented by means of a plastic net.
Shotcrete will not be used in this part of slopes so that the nature of the count-
ryside and the chemistry of water seeping through the layers forming the cover
are corrupted as little as possible.

The primary support will consist of a 150mm (alternatively 200mm or
250mm) thick layer of shotcrete (C20/25 X0 grade concrete), lattice girders,
mesh, anchors and, in the area threatened by instability at the top heading,
forepoling. The use of a supporting rock wedge for the stabilisation of the
excavation face will be possible, if necessary. The rock mass which will be
stabilised by anchors will be a significant factor regarding the overall stabili-
ty of the works. The design of the means and methods is based on certain
assumptions about the behaviour of the rock mass. It defines standard met-
hods for the excavation and excavation support in relation to the particular
environment by means of excavation support classes. Unexpected situations
which require immediate responses to new conditions may be encountered
during the construction. If the geotechnical conditions locally significantly
deteriorate, other adequate measures must be implemented to improve the
stability of the excavation and safety of the excavation operations.

The following measures belong among them:

— sub-division of the partial excavation faces (mainly in the top heading)

— adjustment of the excavation round length

— adjustment of the length, dimension, type and number of anchors, both

at the heading and in the lining

— adjustment of the distance between the faces of partial headings

The particular decision on the change in a standard procedure will be made
by authorised representatives of the client and contractor directly on site. In
the case of emergency where people or property are threatened, the contrac-
tor must implement the measures immediately; the discussion with the client
will take place subsequently. The mined section of the tunnel is divided, in
accordance with the anticipated geotechnical conditions, into 5 excavation
support classes marked II to VI. For characteristic data on the tunnel excava-
tion and excavation support relevant to individual excavation support classes
see Table 1.

The excavation support classes further differ from each other in the pattern
of the face anchors, the method of the face stabilisation, method of the fore-
poling installation etc. Individual elements of the excavation support were
assessed according to an Austrian standard ONORM B2203.

The author of the design prepared, as a part of the design package, typical
cross sections for both cut-and-cover and mined tunnels, both with inverted
arches and upper vaults supported by footings. Despite the fact that the divi-
sion of the tunnel length into sections provided either with the invert or with
footings has been made on the basis of a prognosis, the definite decision will
be made later, during the work, on the basis of actually encountered geo-
technical conditions.

The access road for the arrival of rescue forces in the case of an accident
in the tunnel will connect the railway in the area of the open cut between the
Votice and Olbramovice tunnels. Owing to the distance of 100m between the
portals, the road will be able to serve both tunnels.

ZAHRADNICE TUNNEL

This tunnel, which is named after the nearby village of Zahradnice, is
a 1044m long structure consisting of a mined part and two cut-and-cover por-
tal sections. The horizontal alignment of the track running through the tunnel
passes from a straight part to a transition curve and, subsequently, to a curve
on a 1404m radius. The gradient falls at 9,00 %o in the direction of the chai-
nage, throughout the tunnel length. The centre line of the tunnel in the stra-
ight part is identical with the centre line of the track; it is offset toward the
centre of the curve in the transition curve and curve section.

The cut-and-cover tunnels will be built in an open trench with sloped sides.
Because of the depth of the trench, the excavation will be divided vertically,
mostly into three stages. The individual stages will be separated by horizon-
tal, Im wide berms. The sides of the construction trench will be stabilised by
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Sledovany parametr
Observed parameter

Svétla vyska Kkloty / Top heading — net height

Plocha vyrubu kaloty/ Top heading — excavated cross section
Svétla vyska lavice / Bench — net height

Plocha vyrubu lavice / Bench — excavated cross section
Svétla vyska poévy / Invert — net height

Plocha vyrubu pocvy / Invert — excavated cross section
Celkova plocha vyrubu / Total excavated cross section

Predpokladana deformace vyrubu / Anticipated deformation of excavation

Doporucené nadvySeni vyrubu / Recommended crown overcutting
Tloustka primarniho osténi / Primary lining thickness

Délka zabéru kaloty (max.) / Top heading advance length (max.)
Délka zdbéru lavice (max.) / Bench excavation advance length (max.)

Tab. 1 Zdkladni parametry technologickych trid vyrubu NRTM
Table 1 Basic parameters of the NATM excavation support classes

vyjezdovém portdlovém udseku jsou provedeny po obou strandch
gabionové zdi stabilizujici strmé svahy zdrezu. Definitivni osténi
hloubené ¢dsti je navrZeno z vyztuZeného betonu C30/37, se zdkla-
dovymi patkami, resp. se spodni klenbou.

Délka c¢asti tunelu razeného pomoci NRTM je 936 m. Konstrukce
ostén{ razeného tunelu je dvouplastova s mezilehlou féliovou hydro-
izolaci tl. 2 mm v rozsahu horni klenby a opér. Primdrni osténi ze
stifkaného betonu C16/20 X0 je navrZzeno v tloustkdch 100 az
250 mm. Déle jsou pouZity vyztuzné piihradové oblouky, svarované
sit¢, kotvy a predrazené ocelové jehly. Definitivni osténi je navrZeno
z monolitického betonu C25/30 XF2 a C30/37 XF3. Ve vytipovanych
usecich se predpokladd pouziti osténi z nevyztuZzeného betonu.

Vzhledem k délce tunelu a s ohledem na poZdrnébezpe&nostni
feSeni je na pravé strané navrzena unikovd cesta. Tato unikovd
cesta je vedena Stolou podkovovitého tvaru délky 58,35 m
a ndsledné Sachtou kruhového profilu hloubky 26,1 m. Osténi uni-
kové Stoly a Sachty je dvouplastové s mezilehlou féliovou hydro-
izolaci tl. 2 mm.

V blizkosti obou portdlu a u vystupu z dnikové Sachty je navrze-
na pristupovd komunikace s ndstupni plochou. V tunelu je po levé
strané situovdno nezavodnéné poZdrni potrubi, tzv. suchovod.
Piipojné misto suchovodu se nachédzi v Sachté pred portdlem na
vjezdovém i vyjezdovém portdle tunelu.

TUNEL TOMICKY I.

Trasu tunelu tvori dva portdlové dseky délky 48 m a 60 m navr-
Zené ve svahované stavebni jaimé a dsek délky 216 m raZeny pomo-
ci NRTM. Celkovd délka v ose tunelu je 324 m. Podélny sklon tune-
Iu 10 %o klesd smérem od vjezdového portdlu k vyjezdovému. Osa
tunelu je od osy koleji odsazena o 170 mm smérem ke koleji ¢. 1
a md polomér smérového oblouku 1281,830 m. SdruZeny tunelovy
prijezdny prufez je konstruovan pro prevySeni 108 mm. Diky
obdobnym geotechnickym pomérim se tunel konstruk&né priblizu-
je tunelu Olbramovickému. I kdyZ tunely na dseku Votice — BeneSov
patii obecné k tunelam s nizkym nadloZim, pro tunel Tomicky 1. to
plati zvlasté. Pfi vySce vyrubu 10 m dosahuje vySka nadloZi jen
max. 15 m. Vzhledem k malé délce razeného dseku definuji zptsob
zajiSténi stability vyrubu a technologicky postup vystavby jen 4
technologické tridy vyrubu. Instalaci pozdrniho suchovodu vyzadu-
je norma na Zelezni¢ni tunely CSN 737508 az od 500 m délky.
V pripadé tunelu Tomicky I. vyZadoval objednatel umistit do tunelu
pozérni suchovod i pri délce tunelu jen 324 m. Pro prfijezd vozidel
v pfipadé havérie v tunelu slouZi v rdmci stavby nové zfizend pri-
stupova komunikace, kterd navazuje na upravenou stavajici polni
cestu a ddle na silnici I/3 spojujici Prahu a Tédbor.

TUNEL TOMICKY II.

Poslednim a zdroven z hlediska projektovani nejnovéj§im tunelem
mezi BeneSovem a Voticemi, bude pripravovany tunel Tomicky II.
Trasa Zelezni¢ni trati v tomto tseku vyrovnava oblouk, ktery ve std-
vajici stopé znemoznoval vyuziti vyssich tratovych rychlosti. Proto se
na SUDOP Praha, a. s., dodatené pristoupilo k projektové pripravé
i tohoto tunelu, v dne$ni dobé je zpracovdn ve stupni pripravné doku-

mentace. UrCitou Casovou ztritu v pripravé projektové dokumentace
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Jednotky Technologicka trida NRTM
Units NATM excavation and support class
1I. III. V. V. VI.
[m] 6,065 6,115 6,185
[m?] 59,48 60,45 61,83
[m] 3,55 3,00
[m?] 41,42 41,78 42,29 38,89
[m] - - - - 1,90
[m?] - - - - 17,84
[m?] 10090 102,23 104,12 118,56
[mm] 30 50
[mm] 115 135
[mm] 150 200 250
[m] 2,5 2,0 1,5 1,0
[m] 5,0 4,0 30 2,0 1,0

shotcrete, mesh and dowels. The entrance and exit cut-and-cover sections are
48.0m and 60.0m respectively. Gabion walls will be erected along the exit
pre-portal section to stabilise the steep slopes of the cutting. The C30/37-
grade reinforced concrete final lining within the cut-and-cover section will
have footings or an inverted vault.

The NATM mined tunnel section is 936m long. The tunnel is a double-
pass structure with intermediate waterproofing (a 2mm thick membrane)
covering the upper vault and sidewalls. The C16/20 X0 sprayed concrete pri-
mary lining will be 100 to 250mm thick. The excavation support will further
consist of lattice girders, mesh, anchors and steel forepoles. The final lining
will be in C25/30 XF2 and C30/37 XF3 cast-in-situ concrete. The use of
unreinforced concrete is expected for selected sections.

With respect to the tunnel length and the fire design of the tunnel, an esca-
pe route will be provided on the right side. The escape route passes through
a 58.35m long horseshoe-profile gallery and, subsequently, through a 26.1m
deep, circular-profile shaft. The lining of the escape gallery and of the shaft
is a double-pass structure with a 2mm thick intermediate waterproofing
membrane.

Access roads with assembly areas will be provided in the vicinity of both
portals. A dry fire main will be installed on the left side of the tunnel. The
points of connection for the fire main will be in manholes, in front of both the
entrance and exit portals.

TOMICE | TUNNEL

The tunnel route consists of two portal sections (48m and 60m long, built
in a construction trench with sloped sides) and a 216m long section where the
tunnel will be driven by the NATM. The tunnel will be 324m long in total.
The longitudinal gradient of 10,00 %o falls from the entrance portal toward
the exit portal. The centre line of the tunnel is offset from the centre line of
rails by 170mm toward the rail #1; the diameter of the horizontal curvature
of the tunnel centre line is 1281.830m. The combined tunnel clearance profi-
le is designed for the superelevation of 108mm. Owing to similar geotechni-
cal conditions, the tunnel structure is similar to that of the Olbramovice tun-
nel. Even though the tunnels on the track section between Votice and
BeneSov belong, in general, among shallow-cover tunnels, this characterisa-
tion applies especially to the Tomice I tunnel. The height of the cover reaches
a mere 15m at the height of the excavated cross section of 10m. As a result
of the short length of the mined tunnel section, the means and methods of the
excavation and the excavation support are defined only by 4 excavation sup-
port classes. The installation of the dry fire main is required by CSN 737508
(a standard for railway tunnels) when the length is in excess of 500m.
Regarding the Tomice tunnel, the client required that the dry fire main be
installed even if the tunnel length is only 324m. The access of vehicles in the
case of an accident in the tunnel will be possible via a new access road, which
will be linked to an existing dirt road, which will be paved, and then to the
1/3 road connecting Prague with Tébor.

TOMICE Il TUNNEL

The last, and, in terms of the work on the design, the newest tunnel bet-
ween BeneSov and Votice will be the Tomice II tunnel. The route of the track
in this section is designed to straighten an existing curve, which has made the
increasing of the speed limit over the track impossible. For that reason,
SUDOP as. started to prepare this tunnel construction; as of today, the preli-
minary design documents have been completed. It is still possible to reduce
a certain delay in the design preparation so that all tunnels are opened to traf-
fic at the same time.
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je jesté mozné snizit tak, aby vSechny tunely byly do provozu uvede-
ny soucasne.

Tunel Tomicky II. bude vyraZen v obdobnych geotechnickych
podminkéch, jako jeho bezprostfedni sousedé. Zdjmové dzemi lezi
pfi jihovychodnim okraji stfedofeského plutonického komplexu,
jehoz skalni podklad je budovan souborem hlubinnych a Zilnych
vyvielin paleozoického stdfi. Regiondlni tektonické procesy se
v horninovém prostied{ projevily zvyraznénim nékterych predispo-
novanych smérl oslabeni horniny, s nejvyraznéji vyvinutym smé-
rem poruseni Z-V. Hladina spodni vody neni souvisld, spiSe se jednd
o lokdln{ zvodné, vdzané na izolované systémy puklin, které prostu-
puji zcela nepropustnym masivem. Celkova délka tunelu je 252 m,
z toho 204 m bude vyraZeno za pouziti trhacich praci pomoci
NRTM, oba portdly budou realizovany v hloubenych stavebnich
jdmdch délek 24 m. Zacdtek tunelu je situovdn do km 125,372,
konec tunelu pak do km 125,624. Zelezni¢ni trat'v celé délce tune-
lu prochdzi v oblouku R = 1471,805 m s prevySenim p=108 mm, osa
tunelu je pak od osy koleji odsazena o 195 mm. PodéIny sklon méfe-
ny v ose tunelu je 10 %o. Svahy stavebnich jam hloubenych dseka
jsou v dolnich partiich zajiStény stfikanym betonem se siti
a horninovymi kotvami. VySs{ partie jsou zajiStény proti opadavan{
tlomka horniny sit€émi. Prvni etdZ hloubend ve vrstvdch pokryvi
a silné zvétralych granitoidech je bez dalsiho zajisténi lice svahu
pouze vysvahovdna. Minimalizace portdlovych dsekl je ve shodé
s prirodnim prostredim, kde bude stavba probihat. Zajimavosti obou
portéll jsou ochranné valy proti privalovym srdzkdm.

Primérni osténi ze stifkaného betonu tloustky 150 az 200 mm
tvori déle ocelové prihradové rdmy, sité, kotvy a v oblasti ohrozené
nestabilitou pristropi predrdZené ocelové jehly.

Definitivni osténi z monolitického betonu minimélni tloustky
350 mm trvale zajiStuje stabilitu vyrubu. Pfedpokldddme, Ze kromé
priportdlovych dsekti bude moZné ve znalné &4sti tunelu pii realiza-
ci pouzit nevyztuzeného definitivniho osténi.

Vzhledem k pomérné malé délce dvoukolejného tunelu nen{ navr-
hovdno 7ddné mimorddné zabezpeleni Zelezni¢ni dopravy. Pred
portdl bude privedena komunikace a spoleéné s ndstupni
a zéchrannou plochou, bezpe¢nostnim znaenim a dalSimi prvky
technologického vybaveni dvoukolejny tunel vyhovi v§em pozadav-
kum pro zaji§téni poZdrni ochrany a bezpe&nosti provozu.

ZAVER

Modernizaci trati Votice — BeneSov u Prahy dojde k vyraznému
zkrdceni stdvajici délky traté. Zdvoukolejnéni trati, modernizace
zabezpeCovaciho zafizeni a dal$i navrhované dpravy povedou ke
zkrdceni doby jizdy a k celkovému zkvalitnén{ Zelezni¢ni dopravy.
Podle dostupnych zdroju ¢inf investi¢ni naklady 4483 mil. eur, pri-
¢emz prispevek z Evropské komise predstavuje 2,2 mil. eur. V rdmci
zpracovani projektové dokumentace tunelovych objektd navrhl pro-
jekéni tym celou fadu modernich technickych feseni, kterd bud
nejsou v Ceské republice dosud obvykld, nebo nebyla pouZita
vubec. Jednd se napft. o provddéni definitivniho osténi bez vyztuZe,
které bylo jest¢ doneddvna nemyslitelné. Postupnym ziskdvanim
zkuSenosti s aplikaci NRTM a pozitivnim pfistupem vSech dcastni-
ki vystavby se ekonomicky ndvrh dimenzi definitivniho ostén{
pomalu zabydluje i u nds. V soufasné dobé je nevyztuzené defini-
tivni osténi dopravnich tuneld pouZito pouze na silni¢nim tunelu
Pisdrky v Brné, ddlni¢nim tunelu Libouchec a na Zelezni¢nich tune-
lech Nového spojeni v Praze. Poprvé je dosaZeno vodotesnosti osté-
ni tunelu aplikaci betont odolnych proti prusakum s tésnénim spér
mezi tunelovymi pédsy. Na dodavatelskych firméach a kvalité prove-
deni navrZenych technickych feSeni nyni zélezi, zda se nové tech-
nologie stanou béznou souddsti Ceského tunelového stavitelstvi,
nebo zapadnou jako nespolehlivé a obtizné realizovatelné.
Vzhledem k pozitivnimu vyvoji, kterym u nds vystavba dopravnich
tunelt za poslednich 15 let prosla, lze pfedpoklddat dspé$nou reali-
zaci dila a efektivni vyuZiti investi¢nich ndkladu Cerpanych jak
z Ceskych, tak evropskych zdroju.

ING. MICHAL GRAMBLICKA,
gramblicka@sudop.cz, SUDOP PRAHA a. s.,
ING. JIRI MARA, mara@metroprojekt.cz,
METROPROJEKT PRAHA, a.ss.,

ING. LIBOR MARIK, libor.marik@ikpce.com,
IKP CONSULTING ENGINEERS, s. r. o.

Tuel

The Tomice II tunnel will be driven through conditions similar to those
existing for its neighbours. The area of operations is found at the south-eas-
tern edge of the Central Bohemian pluton, where the bedrock consists of
a complex of intrusive/dike Palacozoic rocks. Regional tectonic processes
affected the rock environment in the form of the accentuation of some pre-
disposed rock weakness directions, with the most distinctive discontinuities
being W-E. The water table is not continuous; it is present rather in the form
of local aquifers, which are bound to isolated systems of fissures penetrating
the, otherwise absolutely impervious, rock mass. The tunnel is 252m long in
total; of this length, 204m will be driven using the NATM and drill-and-blast
techniques. Both portals will be built in 24m long construction trenches. The
beginning and end of the tunnel are located at km 125.372 and km 125.624
respectively. The whole railway route passing through the tunnel is on
a curve R = 1471.805m, with the superelevation p = 108mm. The centre line
of the tunnel is offset from the centre line of rails by 195mm. The longitudi-
nal gradient, measured on the centre line of the tunnel, is 10,0 %o. Bottom
parts of the slopes of construction trenches in the cut-and-cover tunnel secti-
ons will be stabilised with shotcrete, mesh and rock anchors. The higher parts
will be covered with nets preventing rock fragments from loosening. In the
first stage, where heavily weathered granites will be encountered, the slopes
on the trench sides will require no other stabilisation measures. The minimi-
sation of the portal sections is consonant with the natural environment where
the construction will be implemented. A special feature of the tunnel are
dykes protecting the portals against storm rainfalls.

The primary support of the excavation consists of a 150 to 200mm thick
layer of shotcrete, lattice girders, mesh, anchors and, in the area threatened
by the instability of the top heading, forepoles.

The cast-in-situ final lining, which will provide permanent support of the
excavation, will be 350mm thick as a minimum. We expect that it will be pos-
sible to use unreinforced concrete during the construction for the lining in the
major part of the tunnel, excepting the portal sections.

No exceptional railway operation safety measures are designed, with res-
pect to the short length of the tunnel. A road, ending in front of the tunnel por-
tal, will be built. With an assembly and rescue area, safety marking and other
elements of tunnel equipment, the tunnel will meet all fire safety and operati-
onal safety requirements.

CONCLUSION

The upgrading of the railway line between Votice and BeneSov will
result in a significant reduction in the current length of the line. The addi-
tion of the second rail, upgrading of the interlocking equipment and the
other modifications which are contained in the design will lead to
a reduction in the travel time and overall improvement of railway traffic.
According to available sources, the investment costs amount to EUR 4483
billion, while the European Commission’s contribution is EUR 2.2 billion.
During the work on the design for the tunnel structures, the designing team
introduced a number of state-of-the-art engineering solutions, which have
not become commonplace or have not been used yet in the Czech Republic,
for example the unreinforced concrete final lining, which was unthinkable
until quite recently. Owing to the gradually increasing experience in the
NATM application and the positive attitude of all parties responsible to tun-
nelling projects, the economic design of final lining dimensions has been
slowly settling in the Czech practice. For the time being, there are only
several cases of the application of unreinforced concrete to final lining of
transport-related tunnels, i.e. the Pisdrky road tunnel in Brno, Libouchec
motorway tunnel and the railway tunnels in Prague which are part of the
New Connection Project. It has been for the first time that the waterproo-
fing of tunnel liners is achieved by means of water-retaining concrete and
sealing of joints between the blocks of lining. Now it depends only on con-
tractors and the quality of the implementation of the designed engineering
solutions whether the new technologies will become common parts of
Czech tunnel construction processes or will disappear as unreliable and
hard to use ones. Considering the positive development the construction of
transport-related tunnels has experienced during the past 15 years, we can
expect that the whole project will be successfully implemented and the
investment funds, which will be provided both from Czech and European
sources, will be used effectively.

ING. MICHAL GRAMBLICKA, gramblicka@sudop.cz,
B SUDOP PRAHA a. s.,

ING. JIRI MARA, mara@metroprojekt.cz,
METROPROJEKT PRAHA, a.s.,

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

IKP CONSULTING ENGINEERS, s. r. o.
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ZPRAVY Z TUNELARSKYCH KONFERENCI / NEWS FROM TUNNELLING CONFERENCES

KONFERENCE ZELEZNICE 2007
RAILWAY 2007 CONFERENCE

The traditional conference for professionals active in railway tran-
sport was dedicated to the topic of high-speed railways. The conference
was held on 14th — 15th November in Prague. It comprised an excursi-
on to Czech Railways’ testing circuit in Cerhanice . The above-mentio-
ned topic is currently not a top priority for Czech railways, it is rather
a vision for the future, in relationship to principal European corridors.

The preparation of projects in East European countries, such as
Poland, Slovakia and the Czech Republic, is, for the time being, rather
at the level of studies. However, considering the competitiveness of tran-
sportation modes and the connection with Trans-European railway lines,
these problems have to be dealt with.

In the Czech Republic, the network of high-speed tracks has been
planned for the following directions :

e Prague — Plzen — Nuremberg

* Prague — Dresden

e Prague — Brno-Breclav-Vienna

* Brno — Ostrava

Tradi¢ni konference odborniku Zelezni¢ni dopravy byla vénovéna
tématu vysokorychlostnich Zeleznic. Uskutecnila se i s exkurzi na tes-
tovacim okruhu CD v Cerhanicich ve dnech 14.-15. listopadu.
Kongresova ¢ast probéhla v Praze v hotelu OlSanka s vyznamnou
zahrani¢ni ucasti.

I kdyz tato tematika neni v soucasnosti pro nase Zeleznice prioritou
a je jen spiSe vizi do budoucnosti ve vazb¢é na rozhodujici evropské

SILNICNI KONFERENCE 2007
ROAD CONFERENCE 2007

The city of Ostrava hosted an important conference for people wor-
king in road construction. The conference and the accompanying exhi-
bition took part on 23rd — 24th October in the community centre of
Moravska Ostrava. As usual, the interest was great. There were 86 com-
panies and over 700 persons present. They represented the whole spect-
rum of professionals, from representatives of state administration and
schools personnel, owners and designers to contractors and material
suppliers.

Mésto Ostrava se po roce ujalo uspordddni vyznamné konference
pracovnika dopravniho stavitelstvi. Konference i s doprovodnou
vystavou probéhla ve dnech 23. az 24. fijna v kulturnim domé
Moravské Ostravy. Zdjem, jak uZ je tradi¢né zvykem, byl velky. Na
konferenci bylo 86 firem a vice nez 700 ucastniku. Tito zastupovali
celé spektrum odbornika od zdstupct stdtni spravy, skol, investora,
projektantu a7z po dodavatele investi¢nich celku, materidla
a zafizeni.

Region severni Moravy byl vybrdn zdmérné, protoZe v soucasné
dobé rozsah vystavby silnic a délnic v regionu presahuje ostatni regio-
ny. Hlavni podil na této skuteCnosti md vystavba D47. Piipravé
i realizaci této délnice, kterd by mela byt preddna do provozu prevazné

2 Xz

v roce 2008, byla vénovéna velka ¢ést pifspévku.

XIV. EVROPSKA KONFERENCE MECHANIKY ZEMIN

koridory, byly prispévky vysoké technické trovné velmi pozitivné pri-
jaty. Jednalo se hlavné o zhodnocujici referity z vyvoje, realizace
a i provozu téchto Zeleznic v zdpadni Evropé, ale i Japonska a Koreje.
Bylo konstatovéno, Ze vysokorychlostni doprava pres vysokou kvalitu
spojeni je schopna konkurovat silni¢ni uZ od vzdédlenosti 150 km a od
vzdélenosti 600 km i letecké.

Priprava projektu ve stitech vychodni Evropy, jako jsou Polsko,
Slovensko a Ceska republika, je zatim spie na tirovni studii. S ohledem
na konkurenceschopnost druhti dopravy a vazbu na transevropské
Zelezni¢ni spojeni je vSak nutno se problematikou zabyvat.

V CR byla sit vysokorychlostnich Zeleznic zatim pldnovina
v nasledujicich smérech:

Praha — Plzen — Norimberk

Praha — Drézdany

Praha — Brno — Breclav — Viden

Brno — Ostrava

Celé této problematice se vénuje novd studie zadana Ministerstvem
dopravy CR nazvand Aktualizace koncepce vysokorychlostni Zeleznié-
ni dopravy na tizemi CR, kterd bude dokon&ena v roce 2008.

Zajimavosti je, Ze projekt berounskych Zelezni¢nich tunell pripravo-
vanych pro vystavbu nejblizSiho desetileti je navrhovdn uz
v parametrech vysokorychlostn{ Zeleznice. Pro tento tunel byla zvolena
varianta dvou tunelu pro rychlost 200 km/hod.

ING. PETR VOZARIK, vozarik@metrostav.cz, METROSTAV a. s.

Hlavnimi oekdvanymi referdty vak byly prispévky pracovniku stét-
ni spravy tykajici se celostdtn{ vystavby. Novy generdlni feditel RSD
CR ing. Brunclik se zam&fil prevazné na:

* predstaveni nové organizace RSD CR

e zhodnoceni soucasné celkové situace v silni¢ni dopravé

e hodnocen{ studii cenového srovnéni cen ve vystavbé ddlnic (vEetné

tunelu se zahrani¢nim)

e program vystavby délnic a silnic I. tf. v dal3ich letech

e operacni program Doprava na r. 2007-2013, odkud bude m.j. spo-

lufinancovédna vystavba ¢4sti staveb jako D8 Lovosice — Rehlovice,
SOKD 513 Vestec — Lahvice, SOKD 518 Ruzyné — Suchdol.

Novy feditel stitniho fondu dopravni infrastruktury ing. Slamecka
vedle predstaveni organizace a jejiho postaveni ve stitni sprave se plné
vénoval financovani vystavby pro 1éta 2008 — 2010 a ziskavan{ financ-
nich zdroju.

Z dalsich referdti zajimavé vyznély pozitivni zkuSenosti
z elektronického zpoplatnéni délnic a prispévky zabyvajici se tkoly
dopravniho inZenyrstvi pri zvySovéni bezpe¢nosti silni¢niho provozu.

Technicky nejkomplexnéjsi prispévek zpracovany projekéni organi-
zaci Satra spol. s r. 0. se tykal projektového Teseni pripravy a realizace
stavby Méstského okruhu Malovanka — Pelc-Tyrolka v Praze, ktery je
v souCasnosti ve vystavbe. Tento tunelovy komplex v celkové délce
6,38 km, z nichZ tunely dosahuji délky 5,5 km, byl uZ predstaven na
strankdch naseho Casopisu.

ING. PETR VOZARIK, vozarik@metrostav.cz, METROSTAV a. s.

A GEOTECHNICKEHO INZENYRSTVI 2007 V MADRIDU
FOURTEENTH EUROPEAN CONFERENCE ON SOIL MECHANICS

AND GEOTECHNICAL ENGINEERING, MADRID 2007

The 14th European conference on soil mechanics and geotechnical engi-
neering was held in Madrid in September 2007. The conference was atten-
ded by about 800 regular delegates; the Czech Republic was represented
by 15 delegates. The main topic of the conference was ,,Foundations in
Urban Areas®. The conference was divided into three main sections; each
of them contained three discussion sections, which mainly dealt with geo-
technical issues in urban areas.

Podrobngji se jesté jednou vracime k vySe uvedené konferenci, kterd
navazovala podle pravidel ISSMGE (International Society on Soil
Mechanics and Geotechnical Engineering) na XIII. Evropskou konferenci
konanou v roce 2003 v Praze.

XIV. konference se konala v Madridu od pondéli 23. zifi do Ctvrtka

27. zati 2007 v madridském Kongresovém paldci. Cestnym prezidentem
konference byl D. Felipe de Borb6n y Grecia, princ astursky a predsedou
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Organiza¢niho vyboru byl Ing. Vicente Cuellar, reditel instituce CEDEX.
Ve védeckém vyboru konference byla Ceskd republika zastoupena
prof. Ing. Ivanem Vanickem, DrSc.

Konference se zi¢astnilo cca 800 fadnych delegitl, Ceskd republika
byla zastoupena 15 delegaty.

Byl pritomen velky poCet vystavovatelt, z nichZ nejvyznamnéjsi byli:
KRONSA, LIEBHERR, SOLETANCHE BACHY, BAUER, ATESS,
RODIO a OHL.

Konferenci predchédzely workshopy technickych komisi TC 3
Geotechnika silni¢nich vozovek (Geotechnics of Pavements) a TC 38
Interakce stavba — zemina (Soil — Structure Interaction) pro mladé geo-
techniky a specidlni semindf vénovany vzpomince na zesnulého
Dr. Niels Krebs-Ovesena, ktery porddala Ddnskd geotechnickd spole¢-
nost na téma TC 23 Navrhovéni podle meznich stavi v geotechnickém
inzenyrstvi (Limit State Design in Geotechnical Engineering).

Zékladni téma konference bylo Geotechnické inZenyrstvi v méstském
prostiedi.

V tomto smyslu bylo jednéni konference roz¢lenéno do $esti hlavnich
sekef, kazdd se tfemi sekcemi diskusnimi tykajicimi se vesmés geotech-
nické problematiky v méstské zastavbé:

1. Zakladani v méstské zdstavbé — Predpisy a standardy

1.1  Zavédéni Eurokédu EC 7 a EC 8

1.2 Proaktivni ndvrh zakldddni. Observacni metoda

1.3 Priklady zakladéni staveb a poruchy

2. Hluboké vykopy a svahy v méstské zdstavbe

2.1  Utinek otevienych vykopti na blizké stavby a méstskou vybave-

nost

2.2 Naklddani s podzemni vodou

2.3 Ochrana svahu pred erozi. Biehy fek a pobfezni dzemi

3. Podzemni stavby v mestské zastavbé

3.1 Vyuziti podzem{
3.2 Deformace zakladové pudy vyvoland méstskymi tunely
3.3 Inovacni stavebni metody pro tunelové stavitelstvi
4. Rekonstrukce staveb a infrastruktury v méstské zastavbe
4.1 Dovolené posuny starych a novych konstrukci
4.2 Podchycovani staveb. Piiklady z praxe
4.3 Ochrana mést a pamétek
5. ZlepSovani zdkladové pudy v méstské zdstavbé
5.1 Kompenzace seddni pomoci injektovani
5.2 Statické a dynamické metody zlepSovani zemin
5.3 Vyztuzovani zemin
6.  Geotechnicky pruzkum a mapovani v méstské zdstavbé
6.1 Nové technické moznosti prizkumu pro stavby
6.2 Management mapovani a geotechnickych dat
6.3 Pruzkum pro pristavy a Gzemi na moiském pobreZi

Déle byly predneseny dvé specidln{ pfednasky. Prof. M. Jamiolkowski
prezentoval prednasku Role geotechniky pri ochrané historickych mest:
Sou¢ést multidisciplindrniho pfistupu. Velmi zajimavou a provokativn{
specidlni predndsku podal prof. M. Melis s ndzvem Podzemni stavby
v mékkych hornindch.

Byla bohaté zastoupena posterova sekce a jako novinka bylo zafazeno
Akademické férum, na kterém na prednesené téma okamzité reagovali
odbornici z auditoria.

Po ukonceni konference se konalo Sest velmi zajimavych technickych
exkurzi po Madridu nebo blizkém okoli.

1. CEDEX (stredisko pro experimentalni geotechnicky vyzkum), kde
bylo prezentovano specidlni zkusebn{ zafizeni pro vyzkum podlozi
trati vysokorychlostnich Zeleznic;

2.Tunely pro vysokorychlostni Zelezni¢ni trat’ z Madridu do
Valladolidu (s dal$im napojenim na evropskou sit);

3. Tunel Atocha — Chamartin (Atocha je hlavni madridské nadrazi);

4. Prestupni stanice metra Puerta del Sol;

5. ProdlouZen{ sité madridského metra;

6. Modernizace madridského méstského okruhu M — 30.

Ve zbyvajicich dnech konferen¢niho tydne se konaly pokonferen¢ni

exkurze turistického charakteru.

Ve &tyiech dilech sborniku bylo uverejnéno celkem 315 prispévka.
Sbornik mé celkem 2194 stranek. Péty dil sborniku bude vydan dodatec-
né a zaslan dcastnikim konference. Souddsti sborniku je CD-ROM
s moznosti vyhledavani podle autort, podle kli¢ovych slov a tifdéni podle
jednotlivych sekei konference.

Spanélsko je zemé se silné rozvinutym tunelovym stavitelstvim. Snad
proto byla proslovena fada prednések s tuneldfskou problematikou a ve
sbornicich z nich bylo prezentovdno celkem 28 prispévku. Deset

Tuel

prispévka s tykalo vlastnosti horninového masivu, jeden pojedndval
o vyzkumech pro rozsiten{ sit¢ metra v Madridu, jeden o dseku tunelu
metra v Madridu provddéném tradi¢ni metodou, dalsi prispévek byl
vénovan stabilité éelby se silnymi prusakovymi tlaky, nasledujici infor-
moval o interakci mezi tunely a hlubokym vykopem v Barceloné.
Pozornost byla vénovdna i obezdivkdm kruhovych paralelnich tunelt
v méstské zdstavbe. Vyznamny je piispévek zabyvajici se bezpecnost-
nimi faktory tunelu v poloskalni horniné v souvislosti s poklesy na
povrchu terénu.

Dile bylo prezentovano 8 prispévku tykajicich se technologii spoje-
nych s tunelovdnim, dva prispévky o tunelovacich strojich (TBM)
a jeden prispévek o provddéni tunelu pruméru 15,2 m v sddrovcovych
jilech.

Mimorddné zajimavd byla exkurze na stavenisté tunelt zndmych pod
nazvem Tunely Guadarrama. Jde o dvojici bazovych Zelezni¢nich tune-
10 pod pohofim Guadarrama, které umoziuji spojeni vysokorychlostn{
Zeleznici (az 300 km/hod.) mezi jizni &isti Spanélska (Madrid,
Barcelona) se severni oblasti (Segovia, Valladolid a déle propojeni na
systém francouzskych TGV).

Tunely, které byly uvedeny do provozu v listopadu 2007, se razily
soucasné ze Ctyf portdlu s pouZitim TBM s dvojitym $titem. Dva TBM
byly od firmy Herrenknecht a dva od firmy Wirth. Pramér raZeného
profilu byl 9,5 m, prumér po vystrojeni byl 8,5 m. Doprava vyrubané-
ho materidlu byla pasovd, doprava obezdivkovych segmentl (tubinkt)
byla kolejovd. Vyrubany materidl se tfidil a vhodné typy horniny byly
pouzity jako kamenivo do betonu, zejména pro vyrobu segmenti.
Prumérny postup na vSech ¢tyfech tunelech za celou dobu vystavby byl
17,6 m/den.

Tunely byly razeny v pomerné pestrych geologickych pomérech,
které byly navic komplikovény tektonickymi poruchami.

S ohledem na vhodné prostorové moznosti bylo zafizeni staveniste,
zejména u portdlu Segovia, velkoryse koncipovdno. Vedle deponii
vyrubaného materidlu byla tfidirna kameniva, vyrobna segmentu,
jejich technologického i provozniho skladovani, mechanizaéni dilny
a sklady spotiebnfho materidlu a samozfejmé i kanceldfe dodavatelu
a kanceldr koordindtora stavby.

O vystavbé tuneli Guadarrama byla napséna série odbornych praci
zamétenych na jednotlivé aspekty realizace této stavby. Téchto praci je
celkem 21, jsou bohaté fotograficky i graficky dokumentovany a maji
dohromady 540 stran. Zabyvaji se predev§im t€mito tématy:

* vyvojem koncepce celého projektu trasy vysokorychlostni Zelezni-

ce véetné tuneld,

e geologickymi a geofyzikdlnimi prazkumnymi pracemi,

e geotechnickymi zkouSkami a vyhodnocenim variant trasy

i jednotlivych dseku tunelu,

e detailnimi pruzkumy problémovych poruchovych zén,

e vypracovanim projektové dokumentace,

e ndvrhem a vypocty obezdivky,

* provadénim razby,

* koordinacf a fizenim praci,

* geologickym monitoringem,

* topografickymi pracemi,

e riziky stavby a bezpe¢nostnimi opatfenimi,

* monitoringem a kontrolami jakosti,

e aerodynamickym feSenim tunelu.

Vsechna pojednéni byla nejprve prezentovdna jako prispévky semi-
ndrt zaméfenych na vystavbu tunelu Guadarrama, pravdépodobné jiz
v pripravném obdobi. Ndsledné byly priispévky soustiedény a spolu
s videozdznamy z pribéhu stavebnich praci publikovdny na CD DVD.

V piispévku, ktery obsahuje generelni komentdr k prezentovanym
prispévkum, je autorem velmi piikladné konstatovano, Ze cely soubor
byl vypracovin s velikou péci proto, aby pro budouci Spanélské tunely
slouzil prikladem v tom, kde se stavba setkala s problémy a raZba neby-
la tak Uspésnd, jak se ofekdvalo. Tam, kde bylo dosaZeno tspéchu, jak
v priprave, tak v realizaci stavby, je tfeba tyto pozitivni zkuSenosti vy-
uzit pro dal$i pripravované tunely.

ING. RICHARD BARVINEK, barvinek@metrostav.cz,
METROSTAV a. s.
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ZE SVETA PODZEMNICH STAVEB / THE WORLD OF UNDERGROUND CONSTRUCTIONS

NOVE TECHNICKE PODMINKY MINISTERSTVA DOPRAVY NA GEOTECHNICKY PRUZKUM PRO
NAVRHOVANI A PROVADENI TUNELU POZEMNICH KOMUNIKACI - TP 76-C

NEW TECHNICAL SPECIFICATIONS OF THE MINISTRY OF TRANSPORT FOR GEOTECHNICAL SURVEY
FOR ROAD TUNNEL DESIGN AND CONSTRUCTION - TP 76-C

Doc. Ing. Alexandr Rozsypal informs about the new “Technical Specifications
for Geotechnical Survey for Road Tunnel Design and Construction” (TP 76-C). It
was approved by the Ministry of transport of the Czech Republic, with the date of
validity 1st January 2008.

TP 76-C brings several important innovations and amendments, most of all in
the area of planning and assessment of results of geotechnical surveys for tunne-
Is, and determines new requirements for research outputs. Even though the
Specifications were developed, first of all, for geotechnical surveys for road tun-
nels, they can be very well used for geotechnical surveys for railway tunnels.

uvoDp

Ministerstvo dopravy, odbor infrastruktury, svym rozhodnutim ¢. j. 1084/07-
910-IPK/1 ze dne 5. 12. 2007 schvdlil s G¢innosti od 1. ledna 2008 nové technické
podminky pro Geotechnicky pruzkum pro navrhovéni a provadéni tuneli na
pozemnich komunikacich (TP 76-C).

Tyto TP navazuji na predchdzejici TP 76 &ést A a &dst B (Geotechnicky pru-
zkum pro ndvrh a provadéni pozemnich komunikaci) s tim, Ze jsou uréeny pro
tunelové stavby. Jsou oviem zpracovény tak, aby vytvorily zcela samostatny
dokument, pri jehoZz pouZiti nejsou potieba zidné dalsi podklady, piilohy ¢i Cdsti.

Je tomu tak proto, jelikoZ TP 76-C prindSeji nékteré duleZité novinky a dopliky
predevsim v dosavadnim zpusobu pripravy, ve vyhodnocovani geotechnického
prazkumu pro tunely a nové poZzadavky na jeho vystupy. PiestoZe byly zpracova-
ny predevsim pro geotechnicky prizkum pro tunely na pozemnich komunikacich,
1ze je velmi dobre vyuZit i pro geotechnicky pruzkum pro Zelezni¢ni tunely.

NAVAZNOST NA DRIVEJSi PODKLADY

Ve své odborné ¢asti navazuji TP 76-C na vSechny predchézejici klicové
dokumenty o inzenyrskogeologickém prizkumu, které byly v pribéhu exis-
tence této technické discipliny v CR zpracovany. Vychdzeji i z vyrazné tradice
Ceskoslovenské $koly inzenyrské geologie zaloZené pred 80 lety akademikem
prof. Q. Zarubou.

Z publikaci na toto téma lze v této souvislosti pripomenout predevsim mnoho-
krat vydanou InZenyrskou geologii od Q. Zaruby, dile Mechaniku zemin od
Vojtéch Mencla, Mechaniku hornin a inZenierskou geologii od prof. Malgota,
Klepsatela a Trdvni¢ka i InZenierskogeologické Stidium horninového prostredia
a geodynamickych procesov od M. Matuly, pak Mechaniku zemin od
prof. Myslivce a naposled Inzenyrskou geologii od kolektivu autorti vedenych
prof. Paskem z roku 1995.

Znalosti a zkuSenosti v téchto zdkladnich publikacich byly promitiny do
vyhldSek a smérnic o provadéni inZenyrskogeologického prizkumu. Prvnim
dokumentem tohoto druhu byla smérnice &. 1. Ceského geologického tradu
z roku 1975. Ta byla zakladem pro vSechny ostatni navazujici prace tohoto druhu.

S ohledem na nové ekonomické podminky byla v roce 1997 ve Stavebni geo-
logii-Geotechnika, a. s., pfepracovdna ve vnitropodnikovou smernici. Ta byla
poté vzata i jako zdklad pro vypracovani TP 76 ¢ast A a B pro provadéni geo-
technického pruzkumu pro pozemni komunikace vydanych ministerstvem dopra-
Vy.
V tomto smyslu je tieba chapat TP 76-C jako dosavadni vyvrcholeni kontinu-
dlniho procesu zahrnovani praktickych zkuSenosti do provadéci praxe.

DOPLNENI, KTERE PRINASI TP 76-C
TP 76-C musely reagovat na nékteré nové vyznamné okolnosti, za kterych se
v soucasnosti geotechnické prizkumy pro tunely provadéji, i na nové pozadavky
na jejich vystupy. Ty vyplyvaji z technického a technologického pokroku
i vyznamu ekonomickych faktorii v pribéhu rozhodovaciho procesu pii fizeni
vystavby velkych inZenyrskych dél.
Hlavn{ a nejduleZitéjsi doplnéni tohoto druhu se tykaji:
» Pozadavku na zpUsob pripravy, zaddvéani a na provadéni geotechnickych pri-
zkumu.
o Upravy a doplnéni dosud pouzivané terminologie tak, aby byla v souladu
s terminologii pouZivanou v ostatnich TP a ZTP vyddvanych ministerstvem
dopravy.
* Pozadavku na kvalitativné nové vystupy z geotechnického prizkumu.
» Zajistén{ souladu s poZzadavky neddvno zavedenych Eurokédu.

1. POZADAVKY NA ZPUSOB PRIPRAVY, ZADAVANI

A PROVADENI GEOTECHNICKYCH PRUZKUMU

Tradi¢né to byl konkrétni inZenyrsky geolog ¢i geotechnik, kdo nejen rozho-
doval o obsahu geotechnického pruzkumu, jeho rozsahu, komplexnosti i jeho
odborné trovni. Zpravidla to také byl tyZ geotechnik (Ci organizace), kdo byl

odpovédny za jeho provedeni, vyhodnoceni a tvorbu zdvéra. Toto pojeti sice

odpovidd vysoké tdrovni ceskoslovenské inZenyrské geologie a geotechniky,

ale jiz nikoliv novému trznimu a vysoce konkurenénimu spolecenskému

a ekonomickému systému po roce 1990. Pred timto datem byla povinnost pro

kazdou stavbu provést geotechnicky pruzkum. Za jeho ,,projekt, rozsah, kom-

pexnost i kvalitu odpovidal ze zdkona pravé geotechnik.

V dnesnim prostredi volné ekonomické soutéZe a povinnosti provadet verejnd
vyberova fizeni, kde je nutno respektovat kritérium nejnizsi ceny, se vsak toto
pojeti stalo prekédzkou pro kvalitu geotechnickych pruzkumu pro velké inZenyr-
ské stavby.

Konkurenéni tlaky v prabéhu nabidkovych fizenf na provedeni geotechnickych
pruzkumu totiZ vedou k podhodnocovdni jejich rozsaht, komplexnosti i ndroku
na odbornou troven. Ve vybérovych fizenich totiz tyto podminky nebyvaji ani
kvantitativné, ani kvalitativné dostate¢né definovény.

Vysledkem je, 7e geotechnické pruzkumy, které v soutézich vyhravaji, mivaji
Casto také i nepfimérené maly rozsah a komplexnost praci. O odborné drovni
nemluve.

Tento stav je zvlast nepfijatelny v piipadé pripravy rozsahlych a ndroénych
inZenyrskych staveb, provddénych ve sloZitych geologickych podminkéch.
Tunely jsou nejéastéj$im piipadem, ktery do takové kategorie staveb patri.

Toto dilema fesi nové TP 76-C tak, Ze se od odborné firmy vyzaduje nejdrive
zpracovani vy&erpdvajictho programu geotechnického pruzkumu (dokumentace
geotechnického prizkumu). Teprve tato dokumentace geotechnického prizkumu
se ndsledné stdva predmétem vyberového fizeni na jeho zhotovitele.

Tim je zaru€eno, Ze rozsah, komplexnost ani kvalita geotechnického prizku-
mu neutrpi.

Z tohoto pozadavku logicky vyplyva, Ze je to zpracovatel programu (doku-
mentace) geotechnického prizkumu, kter§ ma rozhodujici odpoveédnost za jeho
kvalitu. Z toho se odviji i dalsi novy pozadavek TP 76-C, a sice, ze zpracovatel
programu (dokumentace) geotechnického prizkumu déld autorsky dozor nad
vlastnim provddénim geotechnického prizkumu. Timto nezdvislym dozorem je
zaruéeno, Ze kvalita prazkumu neutrpi ani v prabéhu jeho provadeéni.

Nové TP 76-C v podstaté sleduji stejnou logiku, jakou md priprava a proveden{
vlastn{ stavby. Nékdo nejdiiv zpracuje projektovou dokumentaci. Poté nékdo jiny
podle ni zhotovi stavebni dilo.

V nasledujicim textu jsou kurzivou uvedeny vybrané odstavce TP 76-C,
z nichZ nékteré nejduleZitéj${ zmény v organizaci piipravy a provadéni geotech-
nickych prizkuma vyplyvaji. Komentdr je normélnim pismem.

Zkratka GTP znamend geotechnicky prizkum. Cislovani odstavct odpovida
Cislovani v TP 76-C.

4.1.1 Zadavatel GTP

— Orientacni a predbézny GTP pro tunel vidy zaddvd objednatel stavby. Rovnéz
podrobny GTP pro tunel zpravidla zaddvd objednatel stavby. Vypracovdni
dokumentace GTP (podrobného priizkumu) zajisti objednatel zpravidla pro-
strednictvim odborné firmy.

Tuto povinnost miize objednatel stavby nékdy prenést na zhotovitele DSP
tunelu.

— V pripade, kdy zhotovitel DSP stavby vysoutéZil zpracovdni DSP véetné GTP,
tak si dokumentaci pro provedent podrobného GTP zpracovdvd bud sdm, nebo
prostrednictvim odborné firmy.

— Zpiisob zaddni GTP (rozsah, komplexnost, cas vymezeny k provedent, financni
rdmec atp.) zdsadnim zpiisobem oviiviuje kvalitu a uzitnou hodnotu GTP.
Vybérovd Fizent, ve kterych je jedinym kritériem cena za provedeny GTP, zpra-
vidla tento GTP podstatne znehodnoti.

— Soucdsti zaddvactho Fizeni na vyber zhotovitele GTP proto musi byt zaddvaci
dokumentace GTP. Zaddvaci dokumentace GTP je dokumentace GTP dle
odstavce 1.6. (viz kap. 2 tohoto textu), doplnénd do formy predepsané pro vybe-
rové Fizeni na zhotovitele GTP. Obsah a rozsah zaddvact dokumentace GTP sta-
novuje odstavec 1.7. TP 76-C.

— Podzhotovitel odkryvnych praci musi doloZit viastnictvi technologie spliujici
poZadavky na vrtdni a odbér vzorki a na odber vriného jadra definované
v zaddvacich podminkdch na GTP.

4.12 Kvalifikaéni kritéria pro hodnoceni uchaze¢i na provedeni GTP

— Kvalifikacni kriteria pro vybér zhotovitele podrobného GTP pro tunel musi
obsahovat ndrocné kvalifikacni podminky pro odborny persondl uchazece
i technické podminky na zkuSebni pristrojovou a vrtnou techniku. Uchazeci
o GTP must doloZit, Ze hlavni prdce provedou vlastnimi silami a dostatecné
reference z provedenych obdobnych GTP. Rozsah jinych subdoddvek neZ
odkryvnych praci musi byt omezen na minimum.
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— Nabidnutd cena za GTP md mit vdhu maximdlné okolo 50 %. Splnéni kvalifi-
kacnich a technickych kritérii uchazecem pak zbylych 50 %.
— Resitelem podrobného GTP musi byt autorizovany geotechnik s praxi minimdlné
10 let podle ndrocnosti predmeétného tunelu. Musi se vykdzat minimdiné svymi
3 referencemi jako resitel, pripadné spoluresitel podrobného GTP pro tunel.
— Zhotovitel musi mit ddle v tymu:
a) autorizovaného geotechnika pro vedeni zkuSebniho programu minimdlné
s 10 lety praxe,

b) inZenyrského geologa a hydrogeologa minimdlné s 10 lety praxe
a s prislusnymi  oprdvnénimi podle geologického zdkona (66/2001 Sb.
a vyhldsky MZP 206/2001 Sb.,

¢) dalsi specialisty s oprdvnénimi — viz ¢l. 1.3. TP podle rozsahu a komplexnosti
priizkumu.

— Zhotovitel priizkumu musi doloZit vlastictvi pristrojové techniky, kterd je pro
provedeni GTP v rozhodujicim rozsahu nezbytnd.

— Podzhotovitelé odkryvnych praci musi doloZit vlastictvi technologie, splnujict
poZadavky na vrtdni a odbér vrtného ]adra v zaddvacich podminkdch GTP.
Minimdlné nutné poZadavky v tomto sméru uvddi norma CSN EN IS0 22475-1.

— Zhotovitel GTP i pripadni podzhotovitelé musi doloZit certlﬁkat CSN-EN-ISO
9001, pripadné autorizaci pro prislusné zkousky nebo viredni mérent.

4.1.3 Definovdni rozsahu technickych praci

— Podminkou pro to, aby cena za GTP byla hodnoticim kritériem, je, Ze rozsah
technickych praci pruzkumu Je jednoznacné definovdn v soupisu praci GTP
(] pocty, npy a délky vrtii, pocty, typy a mista zkousek atd.). Ucastnik vybérové-
ho Fizeni na zhotovitele GTP v nabidce pouze vypliuje maketu rozpoctu, kde
Jjsou uvedeny jednotkové vykony a druhy jednotek.

— Neocenény soupis praci sestavuje zhotovitel dokumentace GTP.

4.14 Definice cilit GTP

— Pro zpracovdni dokumentace GTP musi byt jednoznacné predem definovany cil
GTP i jeho vystupy. Zpracovdni dokumentace GTP pro tunel je vysoce kvalifiko-
vanou praci, kterou zadavatel vétSinou objedndvd u specializované firmy, kterd se
u? ovSem neicastni vyberového rizeni na provedeni vlasmiho GTP. Zadavatel ji
viak miie najmout na autorsky dozor (supervizi) nad probihajicim GTP.

— Zpracovatel dokumentace podrobného GTP provddi autorsky dozor (supervizi)
nad GTP.

— Subjekt, ktery je vybrdn ve vybérovém rizeni na zhotovitele GTP, zpracovavd po
uzavieni smlouvy realizacni dokumentaci GTP. (Viz odst. 1.8. TP 76-C akap. 2
tohoto textu)

— Dokumentace GTP musi jednoznacné definovat cile GTP a prostiedky k dosaZeni
cilui priizkumu (rozsah, metody, technicko-kvalitativni podminky zkusebniho pro-
gramu a odkryvnych praci a taktéz i formu a zpiisob vyhodnoceni vysledkai).

2. UPRAVY A DOPLNENI DOSUD POUZIVANE TERMINOLOGIE

Pozadavkem zadavatele zpracovani téchto TP 76, ministerstva dopravy, bylo
sjednotit pouzivanou terminologii s ostatnimi zakladnimi technickymi podminka-
mi, které odbor infrastruktury ministerstva dopravy vydava a které jsou bézné
v projeként praxi a pri vystavbé pouzivané. S timto pozadavkem méli zpracova-
telé ze zacatku trochu problém, protozZe nékteré pojmy v geotechnice jsou tradic-
né odlisné. Nakonec se vsak ukézalo, Ze pii logice piipravy a provadéni GTP,
kterd byla prijata a je popsdna i vysvétlena v tomto textu, by jiny postup vlastné
ani nebyl prakticky.

Vybér z novych pojmu a definic pouZitych v TP 76-C nasleduje:

1.3 Zhotovitel GTP

— Zhotovitel GTP je prdvnickd osoba, pro kterou je tato innost predmétem pod-
nikdni a vlastnici pFislusnd oprdvnéni provddet priizkumné prdce.

— Zhotovitel GTP musi mit ve svém trvalém pracovnim pomeéru autorizovaného
geotechnika s dostatecnou praxi a referencemi.

— V pracovnim tymu musi mit pracovnika vlastnictho oprdvneéni k projektovam
provddeni a_vyhodnocovdni geologickych praci podle plamych predpi il
(Whidska MZP 206/2001 Sb.).

— Zhotovitel GTP rovnéz musi mit v trvalém pracovnim poméru pracovnika, ktery
viastni oprdvnéni k provddeni praci GTP. (Metodicky pokyn MDS — OPK
Systémy jakosti v oboru PK &j. 20840/01-120 ve znéni pozdéjSich zmén,
Cdst /2 — priizkumné a diagnosticke prdce) a pro pripad geotechnického
sledovdni v priibéhu razeb & GTP prostredmctvzm priizkumné Stoly 167
pracovmka ktery viastni prislusnd bdrskd oprdvnéni podle vyhldsky CBU
& 298/2005 Sb., a to v rozsahu dle vyhldsky CBU ¢&. 55/1996 Sh.

— Zhotovitel GTP musi mit technickou zpisobilost k provddéni prizkumnych
pract a musi vlasmit prislusné technické vybaveni na odpovidajici virovni.

— Zhotovitel GTP musi mit v této cinnosti dostatecnou praxi, prokazatelnou
prislusnymi referencemi.

1.4 Resitel GTP

— Resitel GTP je fyzickd osoba, odpovédnd za zpracovdni realizacni dokumenta-
ce GTP, sled a Fizeni praci GTP, koordinaci praci pripadnych podzhotovitelii
a specialistit, formulaci vystupii z GTP a zpracovdni zdveérecné zprdvy GTP.

— Resitele GTP urcuje zhotovitel GTP (prdvnickd osoba, kterd zvitézila ve vybe-
rovém rizeni na zhotovitele GTP).

Tuel

— Resitel GTP je ddle zodpovédny za shodu mezi rozsahem praci, definovanym
smlouvou o dilo, odsouhlasenym rozpoctem a dosahovanou skutecnosti.
Pripravuje podklady pro pripadné véasné projedndvdni téchto rozdilii mezi
objednatelem GTP a jeho zhotovitelem, pokud to pribéiné vysledky GTP
s ohledem na jeho definované cile vyZaduji.

1.5 Zadavatel a objednatel GTP

— Zadavatel GTP pro tunel je prdvnickd osoba, kterd organizuje zaddvaci rizent
na vyber zhotovitele dokumentace GTP a na vybér zhotovitele GTP.

— Vybérové fizeni na zhotovitele GTP musi respektovat zdkon ¢&. 137/2006 Sb.
o verejnych zakdzkdch.

— Objednatel GTP je prdvnickd osoba, kterd smlouvou o dilo sjedndvd zhotoveni
dokumentace GTP anebo zhotoveni GTP, podle jim predané dokumentace GTP
a prebird jeho vysledky. Zavazuje se za tyto prdce zaplatit sjednanou cenu.

1.6 Dokumentace GTP

— Dokumentace GTP je souhrn pisemnosti a vykresi, kterymi se jednoznacné defi-
nuje GTP, co se tyle rozsahu, komplexnosti priizkumnych metod, metodickych
postupti jejich provddeni a technicko-kvalitativnich podminek, které musi prdce
GTP splnovat.

— Dokumentace GTP je podkladem pro zaddvaci dokumentaci GTP, viz 1.7. TP.

— Zhotovitelem dokumentace GTP je fyzickd nebo prdvnickd osoba majici pri-
slusnd oprdvnéni zpracovdvat dokumentaci GTP a kterd se smlouvou o dilo
zavdzala ke zhotoveni prislusného typu dokumentace GTP.

1.7 Zaddvaci dokumentace GTP

— Zaddvact dokumentace GTP pro vybérové Fizeni na zhotovitele GTP je doku-
mentace GTP zpracovand a doplnénd do formy predepsané pro vybeérové fize-
ni na zhotovitele GTP.

— Zaddvaci dokumentaci GTP pro vybérové rizeni na zhotovitele GTP zajistije
zadavatel GTP, zpravidla sdm nebo objedndvkou u nezdvislé konzultacni firmy,
disponujici prislusnymi oprdvnénimi.

— Zaddvaci dokumentace GTP musi kromé jiného obsahovat:

— predepsand omezeni pro GTP definovand zadavatelem GTP (Casové, financ-
ni, vstupy na pozemky, ochrannd pdsma vodnich zdrojii atp.)
— definici kvalifikacnich podminek na specialisty uchazecii na GTP.

1.8 Realizacni dokumentace GTP

Realizacni dokumentaci GTP zpracovdvd vitez vybérového Fizeni na zhotovite-
le GTP, respektive jim urceny resitel GTP.

Realizacni dokumentace GTP upresiuje zpusob provddeni GTP, organizaci
a provddeni prizkumnych a zkuSebnich pract, casovy pldn pritb¢hu pract, podmin-
ky bezpecnosti prdce hotovitele GTP, podminky ochrany Zivotniho prostredi atp.

1.9 Geologickd dokumentace
Geologickd dokumentace zahrnuje veskeré pisemné grafické a hmotné iidaje
o skutecnostech zjisténych pracemi GTP. Viz kapitola 7 TP.

1.10 Program GTP
Program GTP je abstraktni ekvivalent pro dokumentaci GTP. Programem GTP
se rozumi soubor Cinnostt, jimiZ se uskuteciiuje GTP a zajistije dosaZeni jeho cilii.

3. POZADAVKY NA NOVE VYSTUPY Z GEOTECHNICKEHO
PRUZKUMU
TP 76-C nové predpisuje, Ze GTP musi byt provadén tak, aby poskytl dosta-
te¢né podrobné a spolehlivé podklady pro projektovou dokumentaci monitoringu.

3.3.6 Podklady pro dokumentaci monitoringu a aplikaci observacni metody
Vystupy GTP must obsahovat podklady pro vypracovdni projektové dokumen-
tace monitoringu zejména:
— rozhodnuti o tom, kde, co, ¢im, jak Casto a s jakou spolehlivosti mérit,
— ndvrh definic varovnych stavii a hodnot kritérii pro posuzovdni jejich dosaZent.

Dalsim novinkou TP 76-C jsou pozadavky na podklady pro rizikovou analyzu
atizeni geotechnickych rizik. To se dnes stdva nedilnou soucdsti fidictho procesu
kazdé velké inzenyrské stavby vEetné tuneld.

Tyto pozadavky jsou v TP 76-C formulovany takto:

3.8 Podklady pro analyzu geotechnickych rizik

— Analyza geotechnickych rizik se zpracovdvd opakované na zdver kaZdé etapy
GTP a pro kazdou fdzi zpracovdvani projektové dokumentace tunelu.

—Je podkladem pro objednatele a projektanta pro rozhodovdni, které provddi
v prislusnych fazich pripravy a realizace stavby.

— Ukolem analyzy geotechnickych rizik je zejména:

» Ve fdzi predbezného prizkumu — vypracovdni podkladii pro posouzeni riiz-
nych variant vedeni trasy tunelu, vybér vysledné varianty a zdsadni technic-
ké FeSeni (umisténi portdlii, poctu Celeb) atp.

» Ve fdzi podrobného priizkumu — analyza podkladii pro optimdlni umisténi
nivelety tunelu, jeho portdlii atp.

» Ve fazi zpracovdni DSP - zdkladni podklad pro bezpecnou a ekonomickou
volbu variant technologie razby a konstrukce osténi tunelii, portdli
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a jednotlivych prvkii. Ddle je podkladem pro ndvrh geotechnického monito- bezpecnost prdce a ochranu zdravi. Spolu s ndchylnosti k prasnosti jsou
ringu a ndvrh kritérii varovnych stavi. podkladem pro projekt vétrdni tunelu.
» Ve fdzi razby tunelu je podkladem pro ndvrh variant detailii realizacni doku-

mentace (zejména v pripadech geologickych anomdlii a nebezpedi vzniku e x o
R L), q. Z{-\,JISTENI SQULAD!J OSVPOZADAVI.(,Y/ EUROKODU
Pocatek platnosti Eurokédu €. 7 a souvisejicich norem znamenal zapracovat
do TP 76-C vsechny pozadavky, které z toho pro provadéni GTP vyplynuly.
Za zminku stoji skutecnost, Ze Eurokdd €. 7, a tim i TP 76-C, zavadi do vyhod-
nocovdani geotechnickych zkousek pri jejich statistickém zhodnoceni i pravdépo-
a projekt nepredpoklddaly, s negativnim dopadem na vystavbu. Napiiklad dobnostni princip. Charakteristické hodnoty geotechnickych parametru, kterymi se

vyskyt kaveren, poddolovdnt, mimo¥ddnych strukturnich zlomsi, porusenych horninovy masiv charakterizuje, muji byt stanoveny tak, aby byla zajisténa 95%

z0n, privalii vod do tunelu, vyromi plymi, vétsi pritomnost hornin horsi kvality, pravdepodobngst lewtfa): Zo i prelsroceny, cl podkrocepy/ podlc srr;ys}u
parametru v dimenzovéni konstrukce). PoZadavky na zpracovéni charakteristic-

nez predpoklddal priizkum a zaddvaci podminky atp. 3 ’ . e o S e ., o
— Duisledkem neocekdvaného vzniku takovych neZddoucich uddlosti miZe byt zdr- kych & Gy thdIlOt seotechmckych TR D el Gl (il
Zeni ve vystavbe tunelu, nutnost vynaloZeni vicepraci, dodatecnych materidlu e v Tlv) 76-C pop sany takvto,. iy L . .
aip., 1o vie ve financnim vyjddrent. Vypoc/ty tunel?vych /ostemv ve slqzzfych geologzc/kycvh pqmerech jev Dsouladu
— Podklady pro rizikovou analyzu jsou zejména: s Eu[rokodenz 7 trevba zasadng p'rov/adet s pomoci v')')povctovvych, parametri, stano-
» Wpracovdni pravdepodobnych scéndri vzniku a priibéhu takovych neZd- venyvc.‘h kel b ham{( L] @odr,zot, kjej I,Chz e e diaio
poudity laboratorni zkousky na neporusenych vzorcich.
Eurokdd ¢. 7 vénuje zv1ast velkou pozornost kvalité odkryvnych praci, zejmé-

doucich jevii.
na technologii vrténi a odbéru vzorku. Tyto poZadavky jsou specidlné stanoveny

» Odhad pravdépodobnosti, s jakou neZddouci uddlosti mohou nastat.
L e e ve CSN EN ISO 22475. Jejich odbornému sledovéni proto musi byt feSitelem
GTP vénovdna prvoradd pozornost.

sniZeni jejich ekonomickych dusledkii (ndvrh zpiisobu, jak Ize sniZovat geo-
Na to reaguji TP 76-C v odstavci 54.2 takto:

technickd rizika prostrednictvim zmén projektové dokumentace tunelu, tech-
Technika odbéru vzorkii, jejich dopravy, skladovdni a pFipravy ke zkouskdm

nologie razeb atp.).
L) ) 8 B S D L o ST 0 el vy musi respektovat ustanoveni CSN EN ISO 22475-1 Geotechnicky prizkum
a zkouseni — odbeéry vzorkii a méfeni podzemni vody, odst. 6.

kaZdé etapy GTP.
TP 76-C v souladu se CSN EN ISO 22475 uvddi 5 tid kvality vzorkii a 3 kate-
gorie odbéru vzorkii.

— Geotechnické riziko je definovdno jako soubéh pravdépodobnosti vzniku neZd-
douct uddlosti a ekonomického dusledku vzniku této uddlosti pro stavbu tunelu.
— Mozné neZddouci uddlosti jsou vSechny uddlosti v priibéhu razby, které GTP

Dalsimi novymi poZadavky na geotechnicky prizkum pro tunely, které maji
umoznit fizen{ geotechnickych rizik v pribéhu razeb, je povinnost vypracovavat
takzvanou zakladni a souhrnnou geotechnickou zpravu a podklady pro vypraco-

véni definice tzv. Odli$nych podminek stavenisté. Podrobné byl zpusob zpraco- UL 1) T e

vani zdkladn{ a souhrnné geotechnické zpravy uveden v Casopise tunel ¢. 4.2006. topiepidee 1 g 3 4 3
TP 76-C formuluje poZadavky na tento charakter vystupti z geotechnického Kategorie odbéru
prﬁzkumu takto: vzorkit 1 1 2 2 3
8.6 Souhrnnd geotechnickd zprdva . .
86.1 Definice souhrnné zpravy - ‘v/z()fky prvm’av dr)uhév trl’dy/ kvv/allly lze povtvzzvoval ve smyslu TVP 7f5-C za neporu-
— Pro DSP se zpracovdvd takzvand souhrnnd geotechnickd zprdva. Sené, vzorky treti a ctvrié tridy lze povaZovat za poloporuSené a vzorky pté
— Souhrnnd geotechnickd zprdva obsahuje rekapitulaci viech geotechnickych tiidy kvality jsou vzorky porusené. .
zprav, posudkii, expertiz, vipoctii atd., které byly v priibéhu piipravy vystavby - UGTPpro {u{lely nelze VR k%’,5 ol l% ak}cep ioyai; e
provedeny. — Dokumentacni poloporusené ¢i porusené vzorky se odebiraji bud z kazdé odlis-

né vrstvy, nebo v pravidelnych hloubkovych intervalech predepsanych projek-
tem technickych praci GTP.

— U jddrovych vrtii se odebird veskeré jddro. Jednotlivé kusy jadra se musi
uklddat do vzorkovnic v tom poradi, v jakém byly vrtdny. Jednotlivé ndvrty se
oznacuji.

Cilem dokumenta¢nich vzorku a odborného popisu vrtného jadra je co nejvy-
stiznéji vystihnout geologicky profil kazdym vrtem.

Na kvalitu i technické provedeni odbérnych piistroji na vzorky zemin jsou
pifsné naroky definované CSN EN ISO 22475-1 a které TP 76-C respektujf:

— Pro odbér vzorkui tvrdych hornin pri vrtdni se rovneZ pouZivaji specidlni (dvo-
Jité, trojité) jadrovky, které umoZnuji, aby se jddro pri vrtdni nerozpadlo a aby
PpFi vytahovdni jdadrovky z vrtu nevypadlo, vrtd se s vyplachem.

— Vrozpukaném horninovém masivu je treba pouZit specidlni vriné kolony, napri-
klad systém wire line.

— Kvalimi odbérné pristroje jsou podminkou kvalitnich neporuSenych vzork,
a tudiz i spolehlive kvalitnich vysledki laboratornich zkousek, vystihujicich
mechanické vlastnosti zkoumanych zemin a hornin. Bez nich nelze proto vrtné

— DuileZité je zdurazneni cilii, pro které byly ty ¢i ony dokumenty poFizeny,
a vymezena doba jejich porizeni vzhledem k casové ose pripravy vystavby.

— Zdkladnim smyslem je souhrnné zdvérecné zhodnoceni geologickych pomeru
a geotechnickych vlastnosti horninového masivu v konecném misté vystavby.

8.7 Zdkladni geotechnickd zprdva

8.7.1 Ucel zdkladni geotechnické zprdvy

— Zdkladni geotechnickd zprdva se iicelové zpracovdvd pro zaddvaci dokumentaci
pro vyber zhotovitele razby tunelu a pro rizeni geotechnickych rizik behem razby.

— Zdkladni geotechnickd zprdva je podkladem pro ocenéni ndkladi spojenych
s vystavbou tunelu a podkladem pro stanovent kritérii pro posouzent, zda byly
pri razbe zastiZeny odlisné geotechnické pomery neZ ty, které byly uvedeny
v zaddvact dokumentaci a které predpoklddal projektant.

— Tato zprdva je také zdkladnim geotechnickym dokumentem, na jeho? zdklade
voli jak objednatel, tak i zhotovitel stavby tunelu svou strategii Fizeni geotech-
nickych rizik behem razby tunelového dila.

Samoziejmymi poZadavky na geotechnicky prizkum, které vSak ne vZdy jsou pricciede
v praxi plnény, je i ziskdni dostate¢nych a spolehlivych podklada pro ndvrh tech- .
nologie razby. Zde si je tieba uvédomit, Ze v dobé pruzkumu neni technologie ZAVER
vzdy spolehlivé zndma a Ze jich tedy pro razbu piipadd v dvahu vice neZ jedna. Schvaleni TP 76-C vytvaii predpoklady pro vyrazny posun v kvalit¢ podrob-
Neexistuje jen NRTM, ale i riizné tunelovaci Stity, TBM apod. Proto TP 76-C nych geotechnickych pruzkumu pro tunelové stavby na pozemnich komunikacich.
v ¢l. 3.3.7. pozaduji: Lze je vsak stejné dobre pouZit i pro GTP pro tunely Zelezni¢ni. Jejich zdsady se
hodi i pro GTP vsech velkych inZenyrskych staveb. Tam vSak jejich pouzivani
Do souboru metod GTP je tieba zaradit postupy pro stanoveni technologickych neni povinné. U geotechnickych priizkumi pro jiné, mensi stavby je mozné
charakteristik hornin a zejména pro vybér vhodné technologie razby a ndvrh nékterych jejich ustanoveni z oblasti pifpravy a zaddvéni prizkumi pouZivat
tunelovacich strojii. v pfiméfeném rozsahu podle uvéZeni zadavateli GTP.

Ddle predevsim:

» Zarazeni do technologickych trid NRTM, zjisteni rozpojitelnosti, vrtatelnos- Podeékovdni
ti, raZnosti, téZitelnosti, lepivosti, prasnosti, abrazivity a pripadné Zpracovatelé TP 76-C dékuji viem, kteii v pritbéhu praci na tomto dokumentu
i injektovatelnosti. Ddle zkousky propustnosti pro injektdz, vodni tlakové prispeli radami, ndvrhy i doporucenimi na iipravy, doplnéni, ¢ naopak na vyneti
zkousky a injekcni zkousky. nekterych ¢dsti 7 konecného textu.

» Zjisténi a kvantifikovdni agresivity podzemni vody viici injek¢nim hmotdm, Zvldstni uzndni patri ministerstvu dopravy odboru infrastruktury, jmenovité
pripadné i betonu, které mohou nepriznivé reagovat na specificky charakter panu ing. Lubomiru Tichému, kteri trvale vytvdreji podminky pro zpracovdvdni
chemismu podzemni vody. technickych podminek a prispivaji tak vyrazné k riistu kvality pri vystavbé doprav-

» Urceni smeru, sklomi, mocnosti a charakteru povrchii ploch nespojitosti. ni infrastruktury v CR.

Tyto iidaje je nezbytné zndt pro potieby provddéni razby a posouzeni stabili- Patri se i podéekovat vSem, kteri se podileli na vypracovdavdni predchdzejicich
ty Celeb. TP a smérnic pro provddéni geotechnickych priizkumit, na jejichZ prdce zpraco-

» Odhad mist a intenzity vyronii podzemni vody do vyrubu. vatelé téchto TP navdzali.

» Posouzent rizika vyskytu plynii a radiace. I kdyz neni v béZnych geologickych DOC. ING. ALEXANDR ROZSYPAL, CSc., rozsypal@geotechnika.cz,

pomerech a v malych hloubkdch pravdépodobné, je diileZité s ohledem na SG-GEOTECHNIKA, a. s.
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BEZPECNOST V CESTNYCH A ZELEZNICNYCH TUNELOCH
SAFETY IN ROAD TUNNELS AND RAILWAY TUNNELS

Doc. Ing. Fedor Kallay, PhD., the University of Zilina, the Slovak
Republic, informs about a new publication by authors Pavel Pribyl, Ales
Janota, Juraj Spalek: Transportation Risk Analysis and Risk Management
— Roads and Railways. The publication provides exact (based on analyses)
and detailed description of methods which can be used for the determina-
tion of weak points of safety in tunnels. Thus deficiencies in tunnel safety
can be dealt with at the very beginning of the work on designs for civil
works and/or M&E. The authors open a wide spectrum of the given pro-
blems for readers with intermediate-level skills, in an acceptable way and
using an agreeable and attractive style. Even a brief and factual survey of
significant catastrophes in tunnels is not missing.

Prof. Ing. Pavel Pribyl, CSc. must be considered to be the main spiritu-
al father of the publication. His long-term practical experience in the field
of design, operation and assessment of tunnels (while working with ELTO-
DO EG, as.) together with his academic background (the Faculty of
Transportation Sciences of the Czech Technical University in Prague) are
a promise of great reading pleasure. Two co-authors, Doc. Ing. Ales Janota,
PhD and Doc. Ing. Juraj Spalek, PhD, work with the Department of
Control and Information Systems (the Faculty of Electrical Engineering,
the University of Zilina), which focuses in the long term and systematical-
ly on the problems of the control of safety-related critical processes in the
fields of transportation and industry. The book contains 13 chapters which,
owing to their contents and interrelationships, allow the reader to develop
a clear insight into the problems of safety in tunnels and searching for its
optimum state.

S kazdym dnom sa dozveddme o novych nehodéch, o stratich na Zivo-
toch Casto pre podcenenie rizik, ktoré pri dnesnej doprave evidentne exis-
tuji. Ukazuje sa, Ze dokladnd analyza tragickych historickych udalosti
v tuneloch, dokladna systémova analyza a cielené riadenie rizik ma pre
bezpecnu dopravu obrovsky vyznam v zmysle u¢innej prevencie, resp. pre
obmedzenie ddsledkov pripadnych nebezpecnych udalosti. Podobnymi
komplikovanymi ale hlavne aktudlnymi problémami sa uZ niekolko rokov
zaoberd cely rad svetovych odbornikov. Ako jedno z vyznamnych ucele-
nych diel tohto druhu je na si¢asnom trhu mozné oznacit novi kniznd pub-
likdciu: Pavel Pribyl, Ale§ Janota, Juraj Spalek: Analyza a fizeni rizik
v dopravé — Pozemni komunikace a Zeleznice. [1]

Za spustaci moment tvorby tejto publikdcie je mozné nesporne povazo-
vat' sériu neStastnych udalosti v eurdpskych tuneloch (cestnych
i Zelezni¢nych), ktoré odStartovali lavinu iniciativ na najr6znejsich trovni-
ach — od eurdpskej a ndrodnej legislativy, cez zmeny v pristupe projektan-
tov, doddvatelov, spradvcov a prevadzkovatelov tunelov az po zvySeny zdu-
jem laickej verejnosti. Hlavnym objektom zdujmu v publikdcii sd tunely
cestné, problematika Zelezni¢nych tunelov je chdpand skor okrajovo
v rdmci porovndvani s tunelmi cestnymi.

Ako pozorny recenzent tejto knihy moZem konstatovat, Ze sa zrodilo
vydarené dielo s predpokladom, Ze vyznamne prispeje ku zvyseniu bez-
pecnosti v tuneloch. Publikécia na zaklade analyz podrobne a presne for-
muluje metodiky, pomocou ktorych je mozné ndjst’ slabé miesta bezpec-
nosti tunelov, a tak uz v zdrodku stavebnych a technologickych projektov
tieto nedostatky osetrit. Kniha prijatelnym sposobom a dobrou pitavou
formou otvdra aj stredne odborne zdatnym Ccitatelom celé Siroké spektrum
danej problematiky. Nechyba ani stru¢ny a faktograficky popis vyznam-
nych katastrof v tuneloch.

Za hlavného duchovného otca tejto publikdcie je treba nepochybne
povazovat prof. Ing. Pavla Pribyla, CSc., ktorého dlhoro¢né praktické skd-
senosti z oblasti pro_]ektovama prevadzkovania a hodnotenia tunelov spolu
s jeho akademlckym zézemim (Dopravni fakulta CVUT Praha) ako aj
praktickym zdzemim (firma ELTODO EG, Praha) su pre Citatela prislu-
bom hlbokého Citatelského zdzitku. Obaja spoluautori, doc. Ing. Ale§
Janota, Ph.D. a doc. Ing. Juraj Spalek, Ph.D. st pracovnici katedry riadia-
cich a informa&nych systémov (Elektrotechnickej fakulty Zilinskej univer-
zity), ktord sa systematicky a dlhodobo orientuje na problematiku riadenia
bezpecnostne-kritickych procesov v doprave a priemysle.

Kniha obsahuje 13 kapitol, ktorych obsahova ndpln a vzdjomnd nadviz-
nost’ umoznuje ziskat' komplexny pohlad na problematiku bezpecnosti
tunelov a hladanie jej optima.

Prvé kapitola zoznamuje Citatela s existujicou legislativou na eurépskej
i ndrodnej trovni. Po katastrofdch v alpskych tuneloch sa podarilo eurép-
skym institicidm prispiet’ k bezpecnosti na trans-eurépskych dialniciach
vydanim smernice 2004/54/ES. Velka Cast’tejto kapitoly je venovand pre-
hladu zakladnej Ceskej terminoldgie, s véizbou na anglické ekvivalenty.

Analyza a fizeni rizik v dopravé

Druhd kapitola sa zaoberd proble-
matikou  dopravnych  excesov
z hladiska ich identifikdcie. St tu pre-
berané dopravné excesy s pomalou
dynamikou, prejavujicou sa ako
kongescia, a tieZ excesy vznikajice
v stvislosti s dopravnymi nehodami.
Je ukédzané, ako je mozné pri popise
dopravnych pridov vyuzit'® makro-
modely, automaticky vyhodnocujice
dopravné excesy. Na vhodnych pri-
kladoch je ukdzany vplyv rdznych
algoritmov a optimdlnych pozicii
detektorov pre identifikaciu excesov.

Tretia kapitola analyzuje najzd-
vaznejSie katastrofy, ktoré sa odo-
hrali v neddvnom obdobi v cestnych tuneloch Mont Blanc, Tauern,
Gotthard, Fréjus a v Zelezni¢nom tuneli La Manche. Této kapitola je nesmi-
erne pou¢nd. Pomerne obsiahlo je komentovany poziar v tuneli Mont Blanc.

Stvrta kapitola diskutuje teoretické zdklady analyzy a riadenia rizik
obecného dopravného systému. Pokusa sa definovat’,,bezpecnost’ tunela®,
ktord byva definovand ako vlastnost, vyjadrujica schopnost tunela byt’
v stave, kedy riziko ohrozenia Zivota a zdravia osob, poskodenia Zivotné-
ho prostredia ¢i majetku je obmedzené na prijatelnd droven.

Piata kapitola zhtna poznatky, akym spdsobom je mozné rizikd hodno-
tit' a podrobne rozpracovava teériu uvedend v predchddzajicej kapitole,
véitane ukazok niekolkych prikladov rieSeni. Zvlastna pozornost je veno-
vand kvalitativnej (komparativnej) analyze a kvantitativnej analyze (prav-
depodobnostnému a deterministickému pristupu).

V Siestej kapitole je vo forme grafickej reprezenticie popisany obecny
bezpecnostni koncept, ktory je platny pre akykolvek tunel pozemnych
komunikaécii. Ako vyrazovy prostriedok je pouzity unifikovany modelova-
ci jazyk UML. Su tu zavedené modely tunela a jeho bezpecnostného systé-
mu pre pripad poziaru a nehody s poranenim. Ako priklady si uvedené aj
vysledky poZziarnych skisok extrémne velkého poziaru v Norsku.

Siedma kapitola sa zaoberd obecnym pohladom na tunel, a to v zmysle
dopravnej telematiky. Tymto pohladom je mozné ndjst jednotnd metodiku
pre popis dialhi¢nych, mestskych a tunelovych systémov. Na prikladoch je
ukdzand tvorba architektiry tunelového systému, ktord je mozné podobne
aplikovat'aj pre dalie telematické systémy.

Osma kapitola je venovand hladaniu moZnosti, ako najlepsie ohodnotit’
cielovi funkciu heterogénnych systémov. Pri vhodnej formalizécii expert-
nych vyrokov je moznd aplikdcia fuzzy vyrokovej logiky ako vhodnej
matematickej metddy pre hodnotenie. Okrem zdkladného urCenia tejto
metddy pre redukciu dimenzie problematiky kvantitativneho hodnotenia je
mozné ju vyuzit velmi jednoducho pre porovndvanie kvality vybavenia
roznych tunelov.

V deviatej kapitole su aplikované poznatky z tedrie spolahlivosti jedno-
duchych systémov a ich pravdepodobnostné charakteristiky na bezpec-
nostne kritické systémy.

Desiata kapitola pojedndva o problematike prepravy nebezpecnych veci,
a to ako obecne, tak aj vo vztahu k tunelom. Akykolvek tnik nebezpe¢nych
veci z cestnych dopravnych prostriedkov moze mat'za nasledok vznik zdvaz-
nej az katastrofickej udalosti. Toto tvrdenie plati v tuneli dvojndsobne.

V jedendstej kapitole je diskutovany vplyv prostredia tunela na jazdu
vodica. Kapitola sprostredkovdva najnovSie poznatky z dokumentov
PIARC ako aj vysledky rozsiahleho celoeurépskeho vyskumu. Praktické
zavery ukazuju, aky by mal byt optimdlny ndvrh tunela.

V dvanéstej kapitole bude predstavend organizacnd schéma vyplyvajui-
ce zo smernice o jednotnej bezpecnosti v tuneloch na trans-eurépskej
dopravnej sieti 2004/54/ES a jeho prienik do naSich pradvnych predpisov.
Vyznamnym prvkom bezpecnostného retazca mdze byt dispecer tunela,
ktory je zodpovedny za prvé reakcie v pripade mimoriadnej situdcie.
Nezastupitelnd rolu v ich pravidelnej priprave hraju trenazéry, ktoré by
mali byt sicastou vSetkych rozsiahlejsich tunelovych systémov.

Knihu je mozné odporuicat Sirokej odbornej verejnosti, zaddvatelom
zakaziek, investorom, projektantom, pracovnikom vyskumnych tdstavov
ale i Studentom a ucitelom vysokych Skol.

DOC. ING. FEDOR KALLAY Ph.D., fedor.kallay @fel.uniza.sk,
ZILINSKA UNIVERZITA - Elektrotechnickd fakulta

[1] Pribyl, P., Janota, A., Spalek, J.: Analyza a fizeni rizik v dopravé —
Pozemni komunikace a Zeleznice. ISBN 978-80-7300-214-5, 520 stran,

Nakladatelstvo BEN — technicka literatura, Praha 2008.
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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 01/2008)
TUNEL SPEJCHAR — PELC-TYROLKA (SPELC)

Razby severni a jizni tunelové trouby pokracuji i s novym rokem uspo-
kojivym tempem 120 az 130 m mési¢né. Ke konci ledna doséhla elba
STT mety cca 750 m a Celba JTT cca 500 m. Postupem raZeb k sobé dilo
nabird i dal§i prvky, jako jsou nouzové zdlivy, prichod Zumpovnich cho-
deb stavajici pruzkumné Stoly a v lednu i prvni tunelovd propojka.
Zastizené prostiedi, tedy v naSem pripadé zejména geologie ovliviujici
tspesnost provadeni dila, v souCasné dobe nevybocuje z ofekdvaného
predpokladu. Do této miry tedy Zddné prevratné uddlosti. Zménou na této
stavbé je, Ze v rdmci presunu vyrobnich kapacit skupiny DDM Group
prevzal Metrostav na zaCatku prosince realizaci JTT od Subterry.

TUNEL STAVBY 514 SILNICNIHO OKRUHU KOLEM PRAHY

Dne 13. prosince 2007 tuneléri spole¢nosti Hochtief slavnostné ukon-
¢ili klasicky provadénou razbu kaloty tfipruhové roury tunelu Marie.
Z celkové délky této tunelové roury 1642 m bylo klasickou razbou pro-
vedeno 1302 m. Razba spodni ¢asti profilu roury pokrocila na 525 m od
portdlu Lochkov. Nové bylo zahdjeno provadéni razeb spodni Casti tii-
pruhového tunelu mezi dokonéenou &tvrtou propojkou tunell a portdlem
Radotin a protirazba z portdlu Radotin s provadénim spodni klenby.

Klasickd razba kaloty dvoupruhového tunelu pokrocila na vzdédlenost
980 m, spodn{ ¢4st tohoto tunelu na 760 m od portdlu Lochkov. Dokonc¢en{
razeb kaloty dvoupruhového tunelu je planovano na brezen 2008.

Na hloubeném useku tiipruhového tunelu byla dokonéena betondz
11 bloku Zelezobetonové klenby. Délka bloku ¢ini 12 m a betondz
postupuje smérem od melkého konce stavebni jamy k portdlu

Lochkov. Pro dvoupruhovy tunel je dokon¢ena montaz posuvné formy.

TUNEL STAVBY 513 SILNICNIHO OKRUHU KOLEM PRAHY

NRTM provadéné razby kaloty tfipruhového tunelu ze strany porté-
Iu Komorany postoupily na vzdédlenost 1029 m a ze strany portdlu
Cholupice na vzdalenost 233 m od portéla. ProraZeni této ¢dsti razeb
je pldnovano na rozhrani tnora a brezna leto$niho roku. Razby spodn{
Casti tifpruhového tunelu dosdhly v hodnoceném terminu délek 537 m
od portdlu Komorfany a 70 m od portdlu Cholupice. Z obou portala
byla v hodnoceném obdobi zahdjena také razba kaloty rozsifeného
dvoupruhového tunelu. Ke dni 10. 1. 2008 bylo v kaloté dvoupruho-
vého tunelu vyrazeno 91 m od portdlu Komorany a 118 m od portdlu
Cholupice. Na zacatku ledna byly také na dvoupruhovém tunelu zaha-
jeny razby spodni &dsti profilu z obou portélovych vstupu.

Stavebni jama pred portilem Komorany je pred dokoncenim
a stavebni jdma pred portdlem Cholupice je dokoncena. PokraCovaly
rovnéZ zemni prace na navazujicim zdfezu trasy Prazského okruhu.
Tunelové objekty stavby jsou provddény firmami Skanska BS
a Subterra.

TUNEL DOBROVSKEHO

Na tunelu Dobrovského v Brné Subterra v lednu tohoto roku zahd-
jila razbu tunelové trouby II z Krdlovopolského portdlu. Razba opti-
malizovaného teoretického profilu 127,9 m2 je rozdélena na 6 dil¢ich
profili. V délce cca 101 m jsou v tunelu II zesileny obé prizkumné
Stoly ITa a IIb. Jiz koncem ledna byla vedle spodnich opérnych §tol
zahdjena i razba kaloty. Je provedena zpevnujici a chemicka tésnici
injektaz priportdlové Cdsti v délce cca 43 m a jsou rovnéZ ukonéeny
injektdZe tunelu I v délce cca 39 m. Na tunelu I budou razby zahdjeny
ve druhé poloviné mésice dnora.

Soucasné probihaji clonici tryskové injektdZe v ulicich PeSinova
a Dobrovského a zahdji se pripravné prace pro kompenzac¢ni injektdze
vytypovanych povrchovych objekta.

I na této stavbé dochdzi k optimalizaci nasazen{ vyrobnich kapacit
ve skupiné DDM Group. Subterra prevzala od Metrostavu vystavbu
tunelové trouby I.

JABLUNKOVSKY TUNEL

Prestavba stdvajictho jednokolejného tunelu na tunel dvoukolejny je
soucdsti stavby Optimalizace trati st. hranice SR — Mosty u Jablunkova

THE CZECH REPUBLIC (As oF 01/2008)
THE SPEJCHAR - PELC-TYROLKA TUNNEL (SPELC)

The excavation of the northern and southern tunnel tubes is progressing,
even in the new year, at a satisfactory advance rate of 120 to 130m per month.
At the end of January, the NTT and STT excavation faces reached the distan-
ces of about 750m and 500m from the portal, respectively. With the excavati-
on faces moving forward, new items were added to the works, such as the
excavation of lay-bys, the passage in close vicinity of a pumping sump serving
the exploration gallery and, in January, even the driving of the first cross pas-
sage. The environment encountered, particularly the geology, which affects
the success of our work most of all, does not currently deviate from the anti-
cipated condition. No substantial events have been experienced in this respect.
Although, one change took place on this construction site: at the beginning of
December, Metrostav a.s. took over the work on the STT from Subterra as.,
in the framework of the transfer of production units within DDM Group.

THE TUNNEL IN CONSTRUCTION LOT 514
ON THE PRAGUE CITY RING ROAD

On 13th December 2007, Hochtief’s tunnellers celebrated the completion
of the excavation of the top heading of the three-lane tube of Marie tunnel,
which was carried out by a traditional method. Of the total length of this tun-
nel tube of 1642m, the traditional method was used for 1302m. The excava-
tion of the lower part of the tunnel profile reached a distance of 525m from
the Lochkov portal. New excavation started in the lower part of the three-lane
tunnel, between the previously completed fourth cross passage and the
Radotin portal, and in the opposite direction, from the Radotin portal, where
the inverted arch is constructed.

The traditional excavation of the double-lane tunnel top heading advanced
up to a distance of 980m, while the lower part of this tunnel got up to 760m
from the Lochkov portal. The completion of the double-lane top heading is
planned for March 2008.

The casting of 11 blocks of the reinforced concrete vault has been com-
pleted in the cut-and-cover three-lane tunnel section. The blocks are 12m; the
casting operations proceed from the shallow end of the construction trench
toward the Lochkov portal. The assembly of a mobile shutter for the double-
lane tunnel lining has been completed.

THE TUNNEL IN CONSTRUCTION LOT 513
ON THE PRAGUE CITY RING ROAD

The NATM excavation of the three-lane tunnel top headings advanced,
reaching the distance of 1029m from the Komorany portal and 233m from
the Cholupice portal. The breakthrough of this part of the profile (top hea-
ding) is planned for the end of February 2008. The faces of the lower part of
the three-lane tunnel excavation reached the distances of 537m and 70m from
the Komorany and Cholupice portals in the period which is being assessed.
In addition, the excavation of the top heading of the enlarged double-lane tun-
nel started from both portals in the period being assessed. As of 10.1.2008,
91m of the double-lane tunnel top heading excavation from the Komorany
portal was completed, whilst 118m were completed from the Cholupice por-
tal. The beginning of January saw the commencement of the excavation of
the lower part of the double-lane tunnel profile from both portals.

The construction trench in front of the Komorany portal is nearly
complete; the construction trench before the Cholupice portal has been com-
pleted. In addition, the excavation of the adjacent open cut for the Prague
City Ring Road continued. The tunnels are being built by contractors
Skanska BS a.s. and Subterra a.s.

THE DOBROVSKEHO TUNNEL

Subterra a.s. started the excavation of the Dobrovského tunnel in Brno,
namely the tunnel tube II, from the Krdlovo Pole portal in January 2008. The
excavation of the optimised theoretical profile (127.9m2) is divided into 6
sequences. Both exploration galleries Ila and IIb were reinforced throughout
a length of about 101m. The excavation of the top heading started, in additi-
on to the ongoing excavation of sidewall drifts, as long ago as the end of
January. The stabilisation and chemical grouting of the portal section of the
tunnel, at a length of about 43m, has been completed, as well as the grouting
for the tunnel I at a length of about 39m. The excavation of the tunnel I will
start in the second half of February.
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— Bystiice nad O, kterou na III. Zelezni¢nim koridoru CD realizuje
sdruzeni firem Subterra, OHL 7S a TCHAS. Tunel délky cca 612 m
bude rozsiten na raZeny profil 80,4 az 91,3 m?2 dle tiidy raznosti. Razend
ast tunelu bude provddéna novou rakouskou tunelovani metodou se
spodni klenbou po celé délce a ostén{ tunelu je navrZeno jako dvoupldas-
tové s uzavrenou mezilehlou izolaci. V sou¢asné dobé jsou provadény
prdce na jiznim portdle, ze kterého bude v tnoru tohoto roku zahdjena
razba. Souldsti tuneldfskych praci je i realizace vjezdového
a vyjezdového hloubeného useku a vystavba tnikové Stoly délky cca
273 m, kterd bude vybudovédna ve druhém stdvajicim jednokolejném
tunelu.

ROZSIRENI KANALIZACE V KARVINE

V listopadu 2007 byly v Karviné zahdjeny prace na dlouho ocekd-
vaném projektu ,,Karvind — rozsiten{ kanalizace*. Projekt je ¢lenén do
deseti stavebnich Casti, pricemz celkové délka poklddanych kanalizac-
nich fddu je 17 167 m. Velkd &ést téchto praci, cca 7 km, bude prova-
déna hornickym zpusobem. K tomuto feSen{ pristoupil projektant jed-
nak vzhledem k velkym hloubkdm na nékterych dsecich a také
z duvodu geologie, jako jsou napr. nesoudrzné Stérkopisky a vysoka
hladina podzemni vody. K zajimavostem patii pouZiti specidlni tech-
nologie — mikrotunelovén{ s vyuZitim technologie ISEKI. Velké pru-
méry DN 1000 a DN 1400 v délkach cca 420 m a 1960 m realizuje
spole¢nost Subterra, primér DN 400 o délce cca 2000 m spoleénost
TCHAS. Stitovani DN 2560 a klasickou razbu bude provadét sdruze-
ni TCHAS, OHL ZS a VOKD.

KOLEKTOR KOLISTE

V minulém roce byla v Brn¢ zahdjena stavba ProdlouZeni kolektoru
Koli§té a $achta Teplarna, kterou realizuje sdruzeni OHL ZS a Subterra.
Kolektor navazuje na cca 5 km dlouhou sit'primarnich kolektoru, které se
v Brné buduji jiz od poloviny 70. let. Kolektor Kolisté délky cca 193 m
ma vysku 5050 mm a §itku 4700 mm a je budovén mezi stvajicimi Sach-
tami S 15 a US 2. Kolektor je razen ve vapnitych jilech s délenou &elbou
dle zdsad NRTM. Spodni ldvka je pribirdna s odstupem 2 — 3 m. Na pre-
lomu ledna a tnora tohoto roku byl kolektor prorazen do Sachty US 2
a ndsledné budou zahdjeny prace na definitivnim osténi. Dals{ ¢ast této
stavby, jama S 8A Teplarna, je jiz vyhloubena. Byla provedena jako spou-
$ténd studna o praméru 4,2 m do hloubky 17,6 m. Z jamy byl vyraZen
kolektor délky cca 31 m do stdvajictho primdrniho kolektoru. Rovnéz na
této ¢dsti budou zahdjeny prace na definitivnim ostén{ kolektoru i jamy.

KOLEKTOR VACLAVSKE NAMESTI

Kolektorizace centra hlavniho mésta Prahy pokracuje. Po nutném
archeologickém pruzkumu byly v srpnu 2007 zahdjeny préce na kolek-
toru Vdclavské ndmésti, trasa C.

ProtoZe se nejedna o vystavbu na ,zelené louce™ ale o rekonstrukci
vodovodniho kandlu vybudovaného v 80. letech minulého stoleti, bylo
nutné v piipravné etapé vycistit tento vodovodni kandl od stévajicich kon-
strukei. V letnich mésicich minulého roku bylo déle provedeno zajisténi
stavajici zdéné kanalizace, kterd vede nad kolektorem, a to pomoci sanac-
nich nizkotlakych injektdZi a ddle byly zahdjeny sanace vlastniho kolekto-
ru v kombinaci injektdz{ tryskovych, jilocementovych a chemickych.

Prace jsou rozdéleny do 4 etap, a to hlavné z duvodu moznych sta-
vebnich zdbort na Viclavském ndmésti. V soucasné dobé jsou prove-
deny 3 etapy a byla zahdjena etapa ¢tvrtd. Soubézné s t€mito sanacemi
probihd hloubeni téZnich Sachet.

Pocinaje breznem 2008 budou zahdjeny i vlastni razici prace na
vodovodnim kandlu. Stavba je provddéna ve sdruZeni spole¢nostmi
Metrostav, Subterra a Navatyp. )

ING. VLASTIMIL KANOVSKY, vkanovsky@subterra.cz ,
ING. BORIS SEBESTA, sebesta@metrostav.cz

SLOVENSKA REPUBLIKA
TUNEL BORIK

Slavnostné prerazenie juznej tunelovej rdry dialnicného tunela
Borik sa uskuto¢nilo dfia 10. 12. 2007 po viac ako 12 mesiacoch raze-
nia. Tunel dlzky cca 1 km je stcastou dialni¢ného udseku D1
Mengusovce — Janovce na severe Slovenska. V sicasnosti prebiehaji
v tuneli prace na betondzi sekunddrneho ostenia. Zhotovitelom tunela
je spoloc¢nost Marti Contractors, pricom prace si vykondvané najmi

Obr. Jablusikovsky tunel
Fig. The Jablunkov tunnel

Jet grouted diaphragms are currently being installed in PeSinova and
Dobrovského Streets; the preparation work for compensation grouting under
selected buildings can start.

This construction is another place where the optimisation of the deploy-
ment of production units within DDM Group is being performed. Subterra
a.s. took over the construction of the tunnel tube I from Metrostav a.s.

THE JABLUNKOV TUNNEL

The conversion of the existing single-rail structure to a double-rail tunnel is
part of the “Optimisation of the Slovakia’s border — Mosty u Jablunkova —
Bystrice nad OI3i track” , which is being carried out by a group of companies
consisting of Subterra as., OHL ZS a.s. and TCHAS spol. s r.0. on the Czech
Railways’ Corridor III. The about 612m long tunnel will be enlarged, with the
excavated cross sectional area of 80.4 to 91.3m? (depending on the excavation
class). The mined part of the tunnel will be driven using the NATM; the invert
will be required throughout the mined tunnel length; the double-shell lining will
be provided with a closed intermediate waterproofing system. Currently, the ope-
rations are in progress at the southern portal, where the tunnel excavation will
start in February. Part of the tunnelling work is the construction of cut-and-cover
tunnels in the entrance and exit sections and the excavation of an about 273m
long escape gallery, which will be developed in the second existing single-rail
tunnel.

KARVINA SEWERAGE EXTENSION

November 2007 saw the commencement of the work on the long-awaited
project “Karvind sewerage extension”. The project is divided into ten con-
struction lots, with the aggregate length of the sewers to be laid amounting to
17,167m. Significant portion of the work, about 7km, will be carried out by
mining methods. The designer chose this solution not only because of the
great depths in some sections, but also with respect to the geology, where such
conditions as non-cohesive gravel-sand and high level of the water table exist.
The application of a special technique, ISEKI microtunnelling equipment,
belongs among interesting features of the project. Large-diameter drives,
DN 1000 and DN 1400 at the lengths of about 420m and 1960m, are perfor-
med by Subterra a.s.; the contractor for the about 2000m long DN 400 drive
is TCHAS spol. s r.o.. The DN 2560 shield-driven tunnel and traditional tun-
nel excavation will be carried out by a TCHAS spol. s ro. - OHL ZS as.
— VOKD ass. joint-venture.

THE KOLISTE UTILITY TUNNEL

Last year, the OHL ZS a.s. — Subterra a.s. joint-venture started to work on
the project “Koliste utility tunnel extension and Tepldrna shaft” in Brno. The
utility tunnel is connected to the about Skm long network of primary utility
tunnels which has been built in Brno since the middle of the 1970s. The
Kolisté utility tunnel is about 193m long, 5050mm high and 4700mm wide;
it is being driven between existing shafts S15 and US 2. The excavation pas-
ses through calcareous clays; the excavation face is divided into sequences,
according to the NATM principles. The bench excavation face is kept at
a distance of 2 —3m behind the top heading. The utility tunnel breakthrough
into the US2 shaft took place at the beginning of February 2008; the work
on the final lining will follow. The excavation for the other part of the pro-
ject, the construction pit for the S 8A “Tepldrna” shaft, has been completed
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jej slovenskou dcérskou spolo¢nostou Tubau a. s. Predpokladané uve-
denie tunela do prevadzky je v prvej polovici roku 2009.

TUNEL LUCIVNA

Dna 10. 12. 2007 bol uvedeny do prevddzky krétky tunel Lucivna
dlzky 250 m na tseku dialnice D1 VaZec — Mengusovce. Usek na zdpa-
de nadvizuje na existujicu dialhicu D1 od Ivachnovej a na vychode na
tisek Mengusovee — Janovce, ktory je vo vystavbe. Tunel bol vybudo-
vany hibenim a je tvoreny dvojotvorovou ramovou Zelezobeténovou
konstrukciou. Jeho hlavnou funkciou je vytvorenie biokoridoru nad
dialnicou. Zhotovitelom tunela bol Doprastav a. s.

PPP PROJEKTY NA VYSTAVBU DIALNIC
A RYCHLOSTNYCH KOMUNIKACII

V novembri 2007 bola vypisand predkvalifikdcia pre sttaz na kon-
cesiu pre prvy z troch pldnovanych balikov v rdmci dialni¢nych pro-
jektov verejno-sikromného partnerstva (PPP). Koncesia sa tyka
vypracovania projektovej dokumenticie, vystavby, financovania, pre-
vadzky a udrzby dialnice D1 na tdsekoch Dubnd Skala — Turany,
Turany — Hubova a Hubové — Ivachnovd v Zilinskom kraji, ako aj na
tisekoch Janovce — Jablonov a Friovee — Svinia v PreSovskom kraji
v celkovej dizke 75 km. Stcastou dlalnlcnych dsekov su tunely
Rojkov (1,8 km), Havran (2,8 km), Cebrat (2,0 km) a Sibenik
(0,6 km). Koncesna lehota bude trvat' najviac 30 rokov.

Doklady, ktoré maju preukdzat’ splnenie podmienok ucasti v tendri,
predlozilo Sest’ uchdadzacov, konzorcium Skanska — Vinci, Obrascon
Huarte Lain, konzorcium Bouygues — Doprastav — Vahostav SK —
Colas — Intertoll — Mota Engil, Eiffage Travaux Publics, konzorcium

Obr. 1 Slavnostnd prerdzka v tuneli Borik
Fig. 1 The Borik tunnel breakthrough ceremony
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using a drop caisson 4.2m in diameter, which was lowered 17.6m deep
under the surface. The 31m long utility tunnel which was driven from this
construction pit linked to the existing primary utility tunnel. The work on the
final lining of the utility tunnel and shaft will start even in this part of the
project.

THE WENCESLAS SQUARE UTILITY TUNNEL

The development of utility tunnels in the centre of the capital city, Prague,
continues. The work on the route C of the Wenceslas Square utility tunnel
started in August 2007, when the necessary archaeological survey had been
completed.
Because this is not a “green-field project” (it is the reconstruction of an exis-
ting water supply tunnel, which was built in the 1980s), the existing tunnel
had to be cleared of existing structures during the initial construction phase.
In the summer of 2007, an existing masonry sewer leading over the utility
tunnel was stabilised by means of low-pressure grouting. Then the recon-
struction, converting the water supply tunnel into a general-purpose utility
tunnel, started, concurrently with jet grouting, clay-cement grouting and che-
mical grouting.
The work is divided into 4 stages, mainly taking into consideration the pos-
sibilities of temporary land occupation in Wenceslas Square. Today, 3 stages
of the works have been completed and the fourth stage has been started. The
sinking of hoisting shafts proceeds concurrently with the reconstruction.
The removing of the old tunnel structure and excavation for the new utility
tunnel itself will start in March 2008. The contractor is a group of compani-
es consisting of Metrostav a.s., Subterra a.s. and Navatyp a.s.

ING. VLASTIMIL KANOVSK Y, vkanovsky@subterra.cz ,

ING. BORIS SEBESTA, sebesta@metrostav.cz

THE SLOVAK REPUBLIC
THE BORIK TUNNEL

The ceremonial breakthrough of the southern tunnel tube of the Borik
motorway tunnel took place on 10.12.2007, after more than 12 months of
excavation work. The about 12km long tunnel is part of the D1 motorway sec-
tion between Mengusovce and Janovce. Currently the casting of the concrete
secondary lining is underway. The contractor for the tunnel construction is
Marti Contractors Ltd., whereas the major part of the work is carried out by
its Slovak subsidiary, Tubau a.s. The expected term for the opening of the tun-
nel to traffic is the first half of 2009.

THE LUCIVNA TUNNEL

The Lucivnd tunnel on the D1 motorway section between Vazec and
Mengusovee (a short, only 250m long tunnel) was opened to traffic on
10.12.2007. In the west, this motorway section connects to the existing D1
motorway coming from Ivachnovd; in the east, it links the Mengusovce —
Janovce section, which is under construction. The cut-and-cover technique was
used for the construction of the double-cell, reinforced concrete tunnel structure.
The main function of the tunnel is to create a biocorridor crossing over the
motorway. The contractor for the tunnel construction was Doprastav a.s.

Obr. 2 Hibené tunely na vychodnom portdli
Fig. 2 Cut-and-cover tunnels at the eastern portal

Obr. 3 Kultiirny program pri prileZitosti prerdZky
Fig. 3 Cultural program on the occasion of the breakthrough



17. rocnik - €. 1/2008

Obr. 4 Pohluad na portdl krdtkeho tunela Lucivnd
Fig. 4 View of the portal of the short tunnel Lucivnd

Hochtief — Alpine — Western Carpathians Motorway Investors Com-
pany a konzorcium Strabag — Porr — Macquarie Capital Group. Na
konci janudra 2008 by malo byt zndme, ktorf zo Siestich uchadzacov
splnili podmienky pre tcast' v tendri. Podla podmienok tendra do
samotnej sutaznej fadzy mozu postipit’ najviac Styria uchadzadi
o koncesiu, pricom jednym z rozhodujicich ukazovatelov je pocet
referencii tykajicich sa realizovanych PPP projektov. Zmluva
s budicim koncesiondrom pre prvy balik PPP by podla vyjadrenia
ministra dopravy Cubomira Vazneho z decembra 2007 mohla byt pod-
pisand priblizne v auguste alebo septembri 2008.

ING. MILOSLAV FRANKOVSKY, frankovsky@terraprojekt.sk,
TERRAPROJEKT a. s.

Tuel

PPP PROJECTS DEALING WITH THE DEVELOPMENT
OF MOTORWAYS AND SPEEDWAYS

The prequalification invitation for a concession for the first of three
planned packages of motorway development projects to be implemen-
ted under a Public Private Partnership (PPP) was released in
November 2007. The concession comprises the design, construction,
funding, operation and maintenance of the following parts of the D1
motorway: the Dubnd Skala - Turany, Turany - Hubova and Hubova
— Ivachnovi sections in the Zilina Region and the Janovce - Jablonov
and Fri¢ovce — Svinia sections in the PreSov Region; the total length
of the sections is 75km. The above-mentioned motorway sections con-
tain the following tunnels: Rojkov (1.8km), Havran (2.8km), Cebrat’
(2.0km) and Sibenik (0.6km). The concession duration will not exce-
ed 30 years.

Prequalification documents were submitted by six contestants,
namely a consortium consisting of Skanska — Vinci and Obrascén
Huarte Lain, the consortium Bouygues - Doprastav — Vahostav SK -
Colas — Intertoll — Mota Engil, Eiffage Travaux Publics, the consorti-
um Hochtief - Alpine - Western Carpathians Motorway Investors
Company and consortium Strabag - Porr - Macquarie Capital Group.
The information which of the six contestants has met the prequalifica-
tion conditions should be available at the end of January 2008.
According to the tender conditions, the number of applicants invited to
submit their tenders for the concession contracts is limited to four,
while one of the deciding criteria is the number of references dealing
with the previously implemented PPP projects. According to
a statement made by Mr. Lubomir VaZny in December 2007, the con-
tract with the future concessionaire for the first PPP package could be
signed in August or September 2008.

ING. MILOSLAV FRANKOVSKY , frankovsky@terraprojekt.sk,
TERRAPROJEKT a. s.

ZPRAVODAJSTVI CESKEHO TUNELARSKEHO KOMITETU ITA/AITES
CZECH TUNNELLING COMMITTEE ITA/AITES REPORTS
www.ita-aites.cz

INFORMACE Z JEDNANI PREDSEDNICTVA CTUK ITA/AITES
INFORMATION FROM A MEETING OF THE ITA/AITES CTUC BOARD

A meeting of the ITA/AITES CTuC Board took place in Prague on
24th January 2008. It was held in the presence of the past board and
the new board, which had been elected for the 2008 — 2011 term. An
important point of the programme was the commencement of the pre-
paration of the international conference “Underground Construction
2010, Prague”, which is to be held in Prague in June 2010. In additi-
on, the Board dealt with other activities of the CTuC, among them this
year’s publication of the third volume of the edition “CTuC docu-
ments”’, which will be focused on sprayed concrete, and the preparati-
on of an excursion abroad, to tunnel constructions in Leipzig,
Hamburg and Copenhagen.

Jednéni predsednictva CTuK ITA/AITES se konalo v Praze dne
24. ledna 2008. Zicastnili se ho ¢lenové starého i nového predsednic-
tva a také Ing. Matous Hilar, ktery je korespondentem komitétu
smérem k sekretaridtu ITA. Prvnim bodem programu bylo zhodnocen{
¢innosti komitétu v obdobi let 2004 az 2007. Predsednictvo mezi
Uspésné aktivity komitétu zaradilo predev§im prazsky svétovy tuneldr-
sky kongres WTC 2007, déle vyrazné zlepSeni ¢asopisu Tunel, vznik
webovych stranek, vydavani edice Dokumenty CTuK, ekonomickou
stabilitu a roz§iteni ¢lenské zdkladny.

Na druhé strané¢ neni mozné povaZovat za dostateCnou aktivitu
nékterych pracovnich skupin, préaci zdstupca komitétu v ITA WGs,
troven kontaktu se stdtni sprdvou, iniciativu komitétu v poradéan{
vzdélavacich akef a spolupréci s pribuznymi spole¢nostmi.

Ndsledné predseda Ing. Ivan Hrdina pode¢koval za praci
v predsednictvu jeho odstupujicim ¢lenum Ing. Petrovi Micunkovi
a predevsim Ing. Georgii Romancovi, CSc. Ocenil dlouholetou velmi

aktivni ¢innost Ing. Romancova, kterd v posledni dob¢ vyvrcholila pfi
ziskén{ poradatelstvi, pfiprave a v prabéhu WTC 2007.

Predsednictvo zvolilo v souladu se stanovami dva mistopredsedy —
prof. Ing. Jiftho Bartdka, DrSc., a Ing. Stanislava Sikoru.

Odpovédnost za jednotlivé oblasti ¢innosti komitétu stanovilo pred-
sednictvo takto:
— asopis Tunel a edice Dokumenty CTuK — prof. Bartik
— pribuzné spole¢nosti — prof. Aldorf
— pracovni skupiny — Ing. Sikora
— ekonomika a kontakty se stdtni sprdvou — Ing. Soukup
— webové stranky — Ing. Marik
— semindre a vzdélavaci akce — Ing. Hasik, spolupréce Ing. Hilar
— zahrani¢ni spoluprice — Ing. Hilar, spolupréce Ing. Marik
V dal$im prubéhu pak predsednictvo projednalo postup pii revizi
stanov komitétu (jeho €lenové budou osloveni, aby zaslali své pripo-
minky) a zahdjeni pfipravy mezindrodni konference ,,Podzemni stav-
by 2010 Praha“. Zabyvalo se i ostatnimi aktivitami komitétu, mezi
které letos patii vydani tfetiho svazku edice Dokumenty CTuK, ktery
bude zaméfen na stifkany beton, a priprava zahrani¢ni exkurze na
tunelové stavby v Lipsku, Hamburku a Kodani, kterd by se méla konat
od dtery 27. 5. 2008 do nedéle 1. 6. 2008. Pocitd se s ucasti
30 osob z fad &lenské zakladny CTuK.
Podzimni exkurze do Svycarska se presune na 1. pololeti 2009,
misto ni se uskuteni vyjezdni zasedani RR oteviené pro leny CTuK.
ING. MILOSLAV NOVOTNY, novotny@metrostav.cz,
sekretdi CTuK ITA/AITES
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PRACOVNI SKUPINA CTUK ITA/AITES HYDROIZOLACE TUNELU
ITAZAITES CTUC WORKING GROUP ,TUNNEL WATERPROOFING*

The Working Group “Tunnel waterproofing” has been active wit-
hin the framework of the ITA/AITES Czech Tunnelling Committee
since June 2007. Ing. Jifi Svoboda from Pragoprojekt a. s. informs
about the establishment and objectives of the group. The group mem-
bers want to help to develop conditions for the improvement in the
area of design and implementation of waterproofing systems in the
Czech Republic. They want to contribute to the promotion of new
waterproofing systems for underground structures. Their work
should yield new technical sheets and technical specifications for the
design, implementation and rehabilitation of waterproofing in the
Czech Republic’s underground engineering.

Dne 14. 6. 2007 se uskutecnilo ustavujici jedndni pracovni komi-
se Ceského tuneldfského komitétu Hydroizolace tuneli. Na jedndni
byly pozvani &lenové CTuK, ktefi pracuji v oblasti hydroizolaénich
technologif, kontroly a oprav hydroizolaénich systému v podzemnich
stavbéach.

Cilem pracovni skupiny je vytvorit podminky pro vyrazné zlepSe-
ni navrhovéni a realizace izolaénich systému a také propagace
novych systému izolace v podzemnich stavbdch. Vysledkem pradce
v nésledujicim tfiletém obdobi by mély byt nové technické listy
a technicko-kvalitativni podminky pro projektovani, realizaci
a sanaci izolaci v podzemnim stavitelstvi.

Je treba vice informovat potencidlni zdkazniky (investory)
o zavadéni novych hydroizola¢nich technologif a o zlepSovéni stdva-
jicich izola¢nich systému.

Pracovni slupina se pak sesla dvakrét, a to 20. 9. 2007 a 29. 11.
2007. Byl stanoven pldn prace na rok 2008, jehoz zakladnim cilem je
vypracovani a také vydani 1. verze Zdsad ndvrhu a realizace izolac-
nich systémi véetné vzorovych feeni jako odborné prirucky Ceské-

ho tuneldfského komitétu ITA/AITES. Tato informaéni broZura bude
v roce 2009 podrobena vefejné odborné diskusi. Na zdkladé vysled-
ka diskuse a pripominek by v roce 2010 vznikly jiz zdvazné technic-
ko-ekonomické podminky pro projektovani a realizaci izola¢nich
systému v podzemnich stavbéch.

V soucasné dobé se prdace rozbihaji, je k dispozici obsah a 1.
zdkladnf teze izola¢niho systému pro poklddani vodotésnych hydro-
izolaci pfi provddéni tunelovych a ostatnich podzemnich staveb,
u kterych se v budoucnu izola¢ni systém stane nepfistupnym.

Do préce pracovni skupiny se zapojilo celkem 13 &lent a je roz-
délena do 3 podskupin s nésledujicim zamérenim na:

— projektovou dokumentaci,

— nové technologie hydroizolaénich systému,

— technologické postupy v oblasti hydroizolaci tunelovych staveb.

Pristi zaseddn{ se bude konat 28. 2. 2008 od 13 hod v prostorach
firmy Metrostav a. s., divize 5, Na Zatlance 13, Praha 5 — Smichov
v zasedaci mistnosti v suterénu (byvalé informacni stredisko tunelu
Mrézovka). Kdo dalii z odbornikd CTuK md zdjem o préaci v této
pracovni skuping, je vitdn.

Vedeni pracovni skupiny je ndsledujici:

Ing. Jifi Svoboda — vedouci

Jaroslav Simek — zdstupce

Ing. Adriana Javoréekové — povérend koordinaci a vedenim admi-
nistrativnich zdleZitosti

Zijemci o praci v této skupiné izolaci hlaste se laskavé
u Ing. A. Javorcekové tel. 283110233, mobil 774205040, fax
283110233, e-mail adriana.javorcekova@metrostav.cz.

ING. JIRI SVOBODA, svobodaj@pragoprojekt.cz,
PRAGOPROJEKT a. s.

OZNAMENI

Stavebni geologie - Geotechnika, a. s., CaS vybor MZZS
ve spolupréci s €GtS a s patronaci UTAM AV (R
poiadaji ve dnech 26. a 27. kvétna 2008 v budové Akademie véd CR, Praha 1, Narodni tfida 3

PRAZSKE GEOTECHNICKE DNY 2008

vcetné 16. Praiské geotechnické prednasky:
,Building in Ancient Cities: Geotechnical Engineering Challenges” (Dr. Christos Tsatsanifos)

Dalsi témata budou ur¢ena v prubéhu Gnora 2008 a budou uvefejnéna na www.geotechnika.cz.
Pozvanky vcetné podrobného programu a zavaznych piihlasek budou rozesilany v dubnu 2008.
Kontaktni adresa: SG - Geotechnika, a. s. (Ing. M. Frombergerova)
tel.: 234 654 101, fax: 234 654 102, e-mail: sekretariat@geotechnika.cz

OZNAMENI

O VYHLASENI

SOUTETZE

Stavebni geologie - Geotechnika, a. s., Ceska asociace inzenyrskych geologii a Ceska geotechnickd spole¢nost

vyhlasduji 7. ro€nik soutéZe o Cenu akademika Quido Zaruby

pro mladé inZenyrské geology a geotechniky do 35 let za nejhodnotnéjsi a nejzajimavéjsi praci
Z oblasti praxe a vyzkumu v roce 2007 v oborech:
Mechanika zemin, Mechanika hornin, InZenyrska geologie, Podzemni stavby, Zakladani staveb,
Geotechnicky a inZenyrsko-geologicky prizkum, Environmentélni geotechnika
Souté7 bude vyhodnocena nezévislou komisi slozenou ze zéstupct CAIG, CGtS, CVUT, UK Praha, VUT Brno,
V3B-TU Ostrava a SG - Geotechnika, a.s.

Cena bude predana na Prazskych geotechnickych dnech 2008

Prihlasky do souté7e zaslete do 15. dubna na adresu: Stavebni geologie - Geotechnika, a. s.
Libuse Hrotkova, Geologicka 4, 152 00 Praha 5, tel. 234 654 142, fax: 234 654 102, e-mail: hrotkova@geotechnika.cz
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POZVANKA NA SEMINAR
NOVE TRENDY V NAVRHOVANI A PROVADENI TUNELU 1lI

Dlouhé dopravni tunely - mechanizované razby pomoci TBM

V pondéli 16. ¢ervna 2008 se bude konat treti z odbornych seminafd Nové trendy v navrhovani a provadéni tuneld
s nazvem Dlouhé dopravni tunely - mechanizované razby pomoci TBM (Mechanized excavation of long transport tunnels).
0bdobné jako v minulosti budou na semindfi predndset predni zahrani¢ni odbornici, seminaf bude v ¢eském/anglickém
jazyce se vzajemnym tlumocenim. Seminar je pofadan spolecnosti D2 Consult Prague s. 1. 0. ve spolupraci s CTuK ITA /AITES.

Pozvanky s podrobnym programem budou zaslany ¢lenam CTuK ITA/AITES

Tésime se na vasi Ucast. ING. MARTIN SRB, srb@d2-consult.cz,
D2-CONSULT PRAGUE spol. s r. o.

MEDZINARODNA KONFERENCIA ,GEOTECHNIKA 2008“, 10. - 12. 9. 2008, VYSOKE TATRY, SLOVENSKA REPUBLIKA
INTERNATIONAL CONFERENCE .GEOTECHNIKA 2008, 10. —12. 9. 2008, THE HIGH TATRAS, THE SLOVAK REPUBLIC

The Faculty of Civil Engineering of the VSB — Technical University of Ostrava, in collaboration with Orgware agency, takes pleasure
in inviting you to the international technical conference

ZWEOTECHNIKA 2008

which will be held as the 12th annual conference organised regularly in the Slovak Republic, the Czech Republic, Poland and Hungary.
The conferences are focused on geotechnical issues which are encountered during the planning and implementation of constructions, both
underground and on the surface.

The main topic of the 2008 Conference will be: Structures, Technologies and Monitoring of Geotechnical Structures

Fakulta stavebni VSB-TU Ostrava, ve spoluprici s agentiirou Orgware, si vds dovoluji pozvat' na medzindrodnii odbornt konferenciu

LGEOTECHNIKA 2008,

ktord sa bude konat’ako 12. ro¢nik cyklickych odbornych konferencii konanych pravidelne v Slovenskej republike, Ceskej republike, Polsku
a Madarsku. Konferencie st zamerané na geotechnické otdzky pri priprave a vystavbe podzemnych a pozemnych stavieb.

Hlavnym tematickym zameranim konferencie v roku 2008 budu:

KonsStrukcie, technologie a monitoring geotechnickych konstrukcii

Ciel’om konferencie je ziskanie novych poznatkov pri rieSeni vybranych geotechnickych problémov z oblasti teorie, navrhovania, realizacie
a prevadzkovania podzemnych i pozemnych stavieb, vymena informdcii o progresivnych teoretickych a experimentdlnych metddach, ako aj
praktickych skiSenostiaach, prezentdcia grantovych programov zdkladného vyzkumu, informdcie o modernych technologickych postupoch
pouzivanych pri navrhovani a rieSeni geotechnickych problémov konStrukcii, prezentacia vedeckych a akademickych inStiticii
a podnikatelskych subjektov v odbore zamerania konferencie.
Sekretariat konferencie / Conference secretariat: ORGWARE
Ing. Nora BADIKOVA
Tovarenska 12, P.O.BOX 52
900 31 STUPAVA, Slovenskd republika
Phone/Fax: ++421 (0)2 659 36 486
Mobile: ++421 (0)905 586 542
e-mail: orgware@mail.t-com.sk

SPRAVODAJ SLOVENSKEJ TUNELARSKEJ ASOCIACIE
SLOVAK TUNNELLING ASSOCIATION ITA/AITES REPORTS

www.sta-ita-aites.sk

VALNE ZHROMAZDENIE SLOVENSKEJ TUNELARSKEJ ASOCIACIE ITA/AITES
GENERAL ASSEMBLY OF THE ITA/AITES SLOVAK TUNNELLING ASSOCIATION

The General Assembly of the ITA/AITES Slovak Tunnelling The main item of the programme was the election of the new
Association was held in Bratislava on 10th December 2007, in the Board and, subsequently, the election of the chairman and the vice-
conference-room of Doprastav a.s. The meeting was attended by chairman of the Association. Ing. Rébert Turansky from Doprastav
delegates of 29 member organisations, 4 individual members and a.s. was re-elected as chairman and Ing. Peter Witkovsky from
many guests. Skanska BS a.s., Prievidza became vice-chairman.

Ing. Rébert Turansky, the Chairman of the STA committee, opened
the negotiations by delivering the report on the activities of the Valné zhromaZzdenie STA ITA/AITES sa konalo v Bratislave 10.
Association during the previous period. decembra 2007 v zasadacke spolo¢nosti Doprastav, a. s., Sprdva
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ucelovych zariadeni, Kosickd 52. Na rokovani VZ sa zicastnili dele-
gati 29 ¢lenskych organizicii, 4 individudlni ¢lenovia a viaceri hos-
tia. Medzi pozvanymi hostami bol aj zdstupca CTuK Ing. Viclav
Soukup, riaditel divizie 5, Metrostav, a. s., Praha.

Rokovanie otvoril a viedol predseda komitétu STA Ing. Rébert
Turansky, ktory udelil slovo na tvod zdstupcovi hostitelskej organi-
zdcie Ing. DuSanovi Samudovskému. V jeho prihovore odzneli slova
ocenenia stavu a posobenia STA v porovnani s ostatnymi odbormi
v stavebnictve na Slovensku. Ing. Samudovsky dalej ocenil kvalitu
a vysokd odbornd a grafickd troven Casopisu Tunel. Zrekapituloval
vysledky tunelového stavebnictva na Slovensku v obdobi od roku
1997 po sicasnost a vyjadril nddej na zintenzivnenie vystavby dia-
Ini¢nych tunelov na Slovensku najmé prostrednictvom financovania
formou PPP.

ODBORNA CAST PROGRAMU VZ

Do programu VZ boli na dvod zaradené odborné prednasky priz-
vanych hosti stivisiace s histériou, aktudlnym stavom a perspektivou
rozvoja tunelového stavebnictva v CR a SR.

Ing. Viéclav Soukup prezentoval vo svojej predndske historiu,
stcasnost’i perspektivu tunelového stavebnictva v Ceskej republike.
Obdobie ostatnych 5 — 6 rokov charakterizoval predndsatel ako tune-
larsku renesanciu, ktord predstavuju stavby najmi dialni¢nych (4),
cestnych (4) a mestskych (10) tunelov. V svojom prispevku sa zao-
beral aj oprdvnenostou kritiky predraZovania tunelovych stavieb, ako
aj dovodmi pre ktoré sa cenova hladina musela pohybovat' na vyssej
drovni v zrovnani s inymi $tdtmi. S rozvojom a zintenzivnenim tune-
lovych stavieb sa zdkonite bude presadzovat'a prejavovat aj tenden-
cia zlacnovania vystavby.

Ing. Juraj Cermak, investi¢ny riaditel' Ndrodnej dialni¢nej spoloc-
nosti, vo svojom vystipeni zrekapituloval to, ¢o sa doteraz postavilo
a o je eSte pre dialni¢né prepojenie Bratislavy s KoSicami, ako pri-
oritu cestnej infrastruktiry, treba postavit. V roku 2008 by sa malo
zatat so stavbou 6 tunelov, z toho 3 v okoli Ziliny a 3 na Liptove.
Konsatoval, Ze vystavba tunelov je vo vSeobecnosti prezentovand
ako drahd aZ neoprdvnene predrazend, bez toho aby sa uviedli priCi-
ny a niektoré Specifické dovody. Ing. Cermék vyslovil ndzor
a Zelanie, aby sa STA ako profesiondlne zdruZenie angaZovalo viac
pri obhajovani potreby, vyznamu a objektivhom hodnoteni pozitiv-
nych efektov podzemnych stavieb. Svoj osobny postoj zhrnul do
troch bodov. V prvom rade sa STA musi viac usilovat o presadenie
svojho hlasu smerom tak k rozhodovacim orgdnom, ako aj Sirokej
verejnosti v zdujme podpory rozvoja podzemného stavebnictva.
Druhou oblastou, kde m6ze STA pouzit’ svoju odbornost, je pomoc
pri prehodnocovani a nahradeni viacerych nezmyselnych alebo zby-
tocne tvrdych technickych noriem. Tretou oblastou by mohlo byt’spo-
ludcinkovanie smerujice k obmedzeniu neoddvodnene vysokych
ndrokov poziarnikov a energetikov na vybavenie a prevadzku tunelov.

Ing. Lujza Kastielova prezentovala svoju diplomovi pracu zame-
rand na aplikdciu raziacich Stitov v nekruhovych profiloch, ktord
bola ocenend ako najlepsia diplomové prica so zameranim na pod-
zemné stavby na Slovensku.

HLAVNA CAST PROGRAMU VZ

Sprava o ¢innosti STA v §tvorro¢nom volebnom obdobi

Spravu predniesol predseda Komitétu STA Ing. Rébert Turansky,
v ktorej uviedol vSetky organiza¢né a financné aktivity, ako aj uspo-
riadané odborné akcie, vrdtane tcasti na svetovych kongresoch ITA.
Hodnotenie oprdvnene vyznelo pozitivne, pretoZe tak v ¢innosti ako
aj finan¢nom hospodéreni nastal vyrazny obrat k lepSiemu. STA sa
v obdobi od minulého VZ v roku postupne prepracovalo, vdaka
intenzivnemu usiliu funkciondrov STA a zlepSeniu platobnej discip-
liny kolektivnych ¢lenov STA, od zdpornych ku kladnym vysledkom
hospoddrenia. Podarilo sa tak zlikvidovat aj pretrvavajicu dlZobu
voti CTuK stvisiacu s vyddvanim &asopisu Tunel. Spréavu preto VZ
prijalo s uspokojenim a bez akychkolvek ndmietok a pripomienok.

Sprava o financnej situaci STA

Sprévu, ktort predniesol hospoddr STA Ing. Volo§¢uk, VZ prijalo
taktieZ bez namietok. Dobrej finan¢nej situdcii dopomohlo zlepSenie
v oblasti odvddzania ¢lenskych prispevkov zo strany kolektivnych
¢lenov STA. Dobre sa zhodnotil aj vklad na zorganizovanie WTC
2007 v Prahe.

17. rocnik - €. 1/2008

Zmena Stanov STA

Pred aktom volieb nového Komitétu a Reviznej komisie STA boli
na ndvrh odstupujiceho Komitétu valnym zhromazdenim schvdlené
dve zmeny Stanov STA, a to:

— pocet clenov Komitétu STA, sa zvySuje na 11 os6b;

— predsedu a podpredsedu STA voli novozvoleny Komitét zo svo-
jich ¢lenov na svojom prvom zasadnuti.

Uvedené zmeny schvdlilo VZ hlasmi vSetkych pritomnych, nikto
sa nezdrzal a nikto nebol proti.

Vysledky volieb ¢lenov Komitétu a Reviznej komisie STA na
dalsie volebné obdobie

Kandidédtka navrhnutd doterajsSim Komitétom STA bola v zmysle
stanov eSte pred samotnym aktom volieb doplnend navrhmi z pléna.
Do Komitétu boli tajnym hlasovanim zvoleni tito ¢lenovia (v abe-
cednom poradi):

Ing. Martin Cvoliga, Narodna dialni¢na spolo¢nost Bratislava

Ing. Peter Dinga, Geoconsult, spol. s 1. 0., Bratislava

Ing. Miloslav Frankovsky, Terraprojekt, a. s., Bratislava

Ing. Karol Grohmann, Alfa 04, a. s., Bratislava

Ing. Stefan Choma, Basler & Hofmann Slovakia, a. s., Bratislava

Ing. Viktéria Chomova, Dopravoprojekt, a. s., Bratislava

RNDr. Anton Matejéek, Geofos, spol. s 1. 0., Zilina

Ing. Mikulds Pakh, Doprastav, a. s., Bratislava

Ing. Iveta §nauk0vé, Ph.D, ZU, Stavebn4 fakulta, Zilina

Ing. Rébert Turansky, Doprastav, a. s., Bratislava

Ing. Peter Witkovsky, Skanska BS, a. s., Prievidza

Clenmi Reviznej komisie STA sa podla vysledku volieb stali:

Ing Peter gtefko, CSc., Skanska BS, a. s., Prievidza

Ing. Pavol Vavrek, Ph.D, TU, Fakulta BERG Kosice

Volba predsedu a podpredsedu Komitétu STA

Podla schvdlenej zmeny Stanov STA v predchddzajicej Casti VZ
boli novozvolenym Komitétom STA, ktory sa ziSiel na prvom roko-
vani pocas prestavky VZ zvoleni:

Za predsedu Komitétu STA:

Za podpredsedu:

Ing. Rébert Turansky
Ing. Peter Witkovsky

Ciele STA do budicnosti
Predseda Ing. Roébert Turansky formuloval hlavné ciele STA
v nésledujicom obdobi tymito tézami:

— STA vie, Ze tunely vieme na Slovensku budovat’ dobre, rychlo
a kvalitne

— Verejnost treba presvedcCit, ze vieme zvladnut'v tunelarstve vset-
ky Stadia: pripravu stavieb, projektovanie, vlastni stavbu
i prevadzkovanie

— Nechceme tunely stavat’ drahSie ako vo svete

— Pricinit'sa o odborny rast mladej generacie

— Podporovat studentov strednych a vysokych $kol

— Zabezpecovat’ ucast’ ¢lenov STA na odbornych akcidch doma
i v zahrani¢i, vratane ucasti na WTC

— Pripravovat’a organizovat’ odborné semindre a konferencie

— Pripravit’ vydanie odbornej publikdcie o WTC 2007 v Prahe
v spolupréci s ¢eskymi autormi

— Permanentne aktualizovat' webovi stranku STA

Novozvoleny podpredseda Komitétu STA Ing. Peter Witkovsky
doplnil predstavy o daliej pdsobnosti STA dvomi dopliiujicimi for-
muldciami:

— Pri podrobnom zostavovani planu ¢innosti sa budeme inSpirovat’
ideami prednesenymi investi¢nym riaditefom NDS Ing. Jurajom
Cermdkom.

— Musime sa usilovat'o to, aby sa STA viac otvdrala Sirokej verej-
nosti a intenzivnejSie posobila na verejnost’ prostrednictvom
médii.

ING. JOZEF FRANKOVSKY



