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VaZeni ¢tenari Casopisu Tunel!

Prvni &islo 14. roéniku ¢asopisu Tunel dostdvate do rukou v dobé, kdy
Cesky tunelaisky komitét ITA/AITES jiZ velmi intenzivné pracuje na
piipravé svétového tuneldiského kongresu WTC 2007, ktery se bude
konat v kvétnu roku 2007 v Praze, hlavnim mésté Ceské republiky. Je
ustaven organizaéni vybor, jsou pripravena témata kongresu vletné
zaméreni ,,open session, je oteviena webovd stranka WTC 2007, jsou
zajiStény prostory, ve kteryjch budou probihat jedndni kongresu i spole-
Censké akce, jsou zajiStény potiebné ubytovaci kapacity a je vyddno
prvni ozndmeni o pripraveé kongresu WTC 2007.

Pridéleni prava poradat svétovy kongres v roce 2007 chipe Cesky
tuneldisky komitét ITA/AITES jako vyznamny a Cestny tkol, ktery mu
svéfila svétovd tunelafskd komunita. Usp&$né usporadani svétového kon-
gresu se tak stdvd velkym zdvazkem a hlavnim tkolem komitétu.

Jako predseda Ceského tuneldiského komitétu ITA/AITES vids chci
i jménem Ing. Georgije Romancova CSc., pfedsedy pripravného vyboru
kongresu WTC 2007, ujistit, Ze budeme tvrdé pracovat, aby kongres spl-
nil vaSe oCekdvani. VEéfim, Ze naSe hlavni mésto Praha, leZici v centru
Evropy nejen geograficky, ale i z hlediska kulturniho a historického
bohatstvi, mésto plné pamdtek a mimorddné atmosféry, vés vrele uvitd
a poskytne vam uprfimnou pohostinnost i hezké zazitky.

Uspéch kongresu vyzaduje spolupréci odborniki z celého svéta. Dou-
fdme, Ze se budou v hojném poctu podilet na préci védecké rady kongre-
su, Ze pripravi mnoho hodnotnych pifspévku a Ze do Prahy prijedou.

Chtel bych se ovSem také obratit na vSechny, ktefi se podzemnimi
stavbami jakymkoliv zptisobem v Ceské (ale i Slovenské) republice
zabyvaji. Je to predevsim nds kongres a bez vasi aktivni tcasti a bez pii-
spévku z vasi profesni ¢innosti nebude kongres ispésny a nepodaif se mu
predstavit svétu soucasnou droven i bouflivy rozvoj podzemnich staveb
u nés. A ten tu skute¢né je. Délni¢ni tunely Panenskd, Valik a Klimkovice,
tunely na ZelezniCnich koridorech, Zelezni¢ni tunely na stavbé Nové
spojeni v Praze i podzemni stavby realizované pfi roz§ifovéani trasy C
prazského metra o tom jasné svedé&i.

Cesky tunelafsky komitét ITA/AITES chce byt aktivni ve svétové
tuneldiské asociaci ITA/AITES. Soucasné bude plnit v plném rozsahu
své poslani v Ceské republice. Proto podporujeme Ginnost naSich pra-
covnich skupin, pordddni semindit a dalsich vzdélavacich akci. Chceme
poskytovat podporu jejich poradatelim, §ifit informace a zkuSenosti
z podzemniho stavitelstvi u nds i v zahranici. Zde je nezastupitelnd dloha
Casopisu Tunel, odborného ctvrtletniku, ktery vyddvdme. Asi jste si
v§imli jeho nového vzhledu. Jednim z divodu této zmény je predeviim
upoutat nasi i zahrani¢n{ vefejnost v souvislosti s kondnim WTC 2007.
Doufdm, Ze s inovaci vzhledu Tunelu soucasné ddl poroste tiroven jeho
obsahu.
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Dear Tunel magazine readers!

The first issue of the 14th annual volume of Tunel magazine is arriving in your
hand in a time when the Czech Tunnelling Committee ITA/AITES has been wor-
king intensively on the preparation of the World Tunnel Congress, WTC 2007,
taking place in May 2007 in Prague, the Capital of the Czech Republic. The orga-
nisation committee has been established, the congress topics have been prepared
including themes for open sessions, the WTC 2007 web sites have been established,
the rooms where the congress meetings and social events will take place have been
arranged, as well as necessary accommodation capacities, and the first announce-
ment about the preparation of the WTC 2007 congress has been published.

The Czech Tunnelling Committee ITA/AITES considers the fact that it has
been assigned the right to organise the world congress in 2007 by the world-
wide tunnelling community as a great task of honour. The successful accom-
plishment of this task has thus become a major commitment and the main
objective of the committee.

I would like, as the chairman of the Czech Tunnelling Committee
ITA/AITES, to assure you also on behalf of Mr. Georgij Romancov, the chair-
man of the Preparatory Committee, that we will work hard so that the congress
meets your expectations. I believe that our capital city Prague, lying in the heart
of Europe not only geographically but also in terms of its cultural and historical
wealth, a city boasting with historical landmarks and exceptional atmosphere,
will give you a warm welcome and extend its sincere hospitality to you.

The success of the congress requires the collaboration of professionals from all
over the world. We believe that they will take their share in the work of the Scienti-
fic Board of the Congress, will prepare many valuable papers, and arrive in Prague.

Of course, I would also like to address all of those who are engaged in
underground construction in the Czech Republic (but also the Slovakian Repub-
lic), no matter in which way. This is our congress above all, and without your
active participation and contributions dealing with your professional activities
the congress will not be successful, and its effort to present the current level and
the booming development of underground construction in our country to the
world will fail, despite the fact that it does exist. The motorway tunnels Panen-
skd, Valik and Klimkovice, tunnels on railway corridors, railway tunnels being
part of the New Connection project in Prague, as well as underground structu-
res realised in the Prague Metro line C extension, are clear proof of this.

The Czech Tunnelling Committee ITA/AITES is going to be an active mem-
ber of the world tunnelling association ITA/AITES. In the same time, it will ful-
fil its commission in the Czech Republic. This is why we support the activity of
our Working Groups, organisation of seminars and other educational events. We
are going to support their organisers, to disseminate information and experien-
ce from the field of underground construction in our country and abroad. In that
context, the role of Tunel magazine, the professional quarterly which we issue
is irreplaceable. You may have noticed its new look. One of the reasons for this
change is, above all, to draw attention of the domestic and foreign public to the
WTC 2007 organisation. I trust that also the quality of Tunel’s content will
continue to grow together with its innovated look.

Ing. Ilvan Hrdina

predseda Ceského tunelaiského komitétu ITA/AITES
Chairman of the Czech Tunnelling Committee ITA/AITES
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ZKUSENOSTI Z TUNELOVANI V MEKKYCH HORNINACH
WEAK ROCK TUNNELLING EXPERIENCE

MILOS BUCEK

1. UvoD

Tunely Selatin, ze kterych pochdzeji ndsledujici zkuSenosti, jsou situ-
ovany v Turecku na ddlnici IZMIR-AYDIN. Stavba byla realizovdna
v letech 1990 — 2000, ve velmi tézkych geologickych podminkdch,
pomoci NRTM. Béhem vystavby zde byl vyvinut zvlastni postup pri apli-
kaci NRTM v mékkych hornindch, METODA RIZENE DEFORMACE
(ddle MRD), jejiz hlavni mySlenky byly uvefejnény v predchdzejicim
¢lanku (viz Tunel 3/04). Predklddany piispévek je vénovan nékterym
deformacnim problémum, které bylo treba fesit v souvislosti s plastickym
chovanim horninového masivu. Charakteristické tidaje o tunelech, jakoZ
i ddaje o geologii vCetné informace o vyskytu podzemni vody, byly
podrobné uvedeny v &lénku vénovaném jiz zminéné MRD. Na vystavbé
Selatinskych tuneld se v letech 1991 — 1992 podilel i METROSTAV a. s.,
supervisi provadéla rakouskd firma D2.

2. PROBLEMY S VYLOMEM V JIZNi TUNELOVE ROURE

Z dvojice tunelt byla jako prvni raZena jiZzni roura nazyvana déle jako
MSB (Memetler South Bound). Obecné je tieba poznamenat, Ze vzhle-
dem k jiz dfive zminénym obtiZznym geologickym skute¢nostem bylo
nutno postupovat vpred velmi opatrné. Kvalita horninového masivu se
ménila zcela neofekdvang, a proto byly pouzivany prizkumné vrty, oby-
Cejné 25 — 30 m dlouhé, dopliované v kazdém druhém nebo tretim
prstenci tfemi kratSimi, 8 m dlouhymi vrty, situovanymi v ¢elbé kaloty,
jeden uprostfed nahote, zbyvajici dva v patéch. Do prvni, vskutku velmi
obtizné Casti, vstoupila ¢elba MSB v km 200+600 (odpovida staniceni
ddlnice 87+250) v délce pfiblizné 180 m (obr. 1). Nastésti jizn{ tunel byl
razen v té dobé s velkym predstihem pred severnim (MNB), pfiblizné
0 400 m, takZe nedoslo ke vzdjemnému ovliviovani v okamziku vyru-
bu. Horninové prostredi tvofily v této ¢asti nepfedvidatelne se stridajici
vrstvy mastkovych, chloritickych, slidnatych a grafitickych bridlic, ale
deformacni chovani celé této skupiny hornin bylo urovano predevsim
nepifznivymi pietvarnymi vlastnostmi prvnich dvou typu. Obé tyto
horniny patfily v Selatinskych tunelech k velmi mékkym, s plastickym
charakterem deformace, jejichZ vlastnosti se s pritomnosti vody jesté
dramaticky zhorSovaly.

Velmi priznivé geologické podminky - Trida I, IT
Very favourable geological conditions - Class I, IT
Priznivé geologické podminky - Tfida III, IV
Favourable geological conditions - Class III, IV

Nepriznivé aZ velmi nepriznivé geol. podm. - Trida V, VI

Unfavourable to very unfavourable g.c. - Class V, VI

2-3m poruchova zéna
2-3m fault zone

1. INTRODUCTION

The Selatin tunnels where the following experience was gained are situ-
ated in Turkey, on the IZMIR-AYDIN motorway. The construction was rea-
lised in the years 1990 — 2000, under very difficult geological conditions,
using the NATM. In the course of the construction, a special procedure was
developed for application of the NATM in weak rock, designated as the
CONTROLLED DEFORMATION METHOD (CDM). The main ideas of
this method were published in the previous article (Tunel 3/04). The contri-
bution being presented now is devoted to some deformation issues that had
to be solved in connection with plastic behaviour of the rock mass. Charac-
teristic data on the tunnels, as well as data on geology including informati-
on on occurrence of ground water, were presented in detail in the article
devoted to the above-mentioned CDM. In 1991 — 1992 also METROSTAV
a.s., participated in the construction of the Selatin tunnels. Supervision was
performed by austian company D2.

2. PROBLEMS ABOUT THE SOUTHERN TUNNEL TUBE (THE MSB TUBE)

The Southern tube, hereinafter referred to as the MSB (Memetler South
Bound), was driven as the first one of the pair of tunnels. In general, it should
be noted that the tunnel excavation had to proceed very carefully, considering
the above-mentioned difficult geological conditions. The rock mass quality
changed totally unexpectedly, therefore probe holes were drilled, usually
25 — 30 m long, with shorter 8 m-long holes added in every other or third ring,
situated to the top heading face (one in the crown centre, the other two at the
feet). The MSB heading entered a really difficult section for the first time in
km 200+600, corresponding to the motorway chainage 874250, at a length of
approximately 180 m (see Fig. 1). Fortunately, the Southern tunnel tube exca-
vation face was at that time sufficiently in advance of the Northern tube
(MNB), roughly 400 m ahead, therefore without affecting each other. The rock
mass in this section consisted of unpredictably changing measures of talcous,
chloritic, micaceous and graphitic schists, although deformation behaviour of
this group of rock types was mostly determined by unfavourable deformatio-
nal properties of the former two types. Those two rock types encountered at the
Selatin tunnels belonged among very weak ones, exhibiting plastic character of
deformation, with dramatically worsening properties at presence of water.
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Obr. 1 Geologickd situace zastiZend pri vystavbé
Fig. 1 Geological situation encountered during the construction

Pro ilustraci situace muZe slouZit skute¢nost, Ze na pocatku 20 stol.
zde chtéla anglickd spole¢nost v ramci Zel. spojeni Izmir-Aydin vybu-
dovat jednokolejny tunel. Po sto metrech vylomu byla trasa pro nepii-
znivé geologické poméry opusténa, prestoze jiz zde byly vybudovdny
nekteré objekty, jako hluboky zarez, most apod.

The situation can be illustrated by information that an English
company wanted to build a single-rail tunnel as a part of an Izmir-
Aydin railway line at the beginning of the 20th century. The route
was abandoned after one hundred metres of the tunnel excavation
due to unfavourable geology, despite the fact that there had been
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RCV Kalota — Top heading
10 ks/pc. PG, 6,0m
Opéri — Bench

8 ks/pc. PG, 8,0m
Sp.kl. — Invert

5 ks/pc. SN, 4,0m

Obr. 2 a 3 Schéma vystrojeni primdrniho osténi ve tiidé horniny RC'V a RC VI
Fig. 2 and 3 Primary support in rock class RC 'V and RC VI

MSB RC V Kalota — Top heading
12 ks/pc. PG, 8,0m
Opéri — Bench

5 ks/pc. PG 8,,0m
Sp.kl. — Invert

5 ks/pe. PN, 4,0m

GI 140

Délka zabéru

— Advance length 1,0m
Str. beton — Shotcrete
0,25m

MSB RC VI

Kalota — Top heading
8 ks/pc. PG, 8,0m
Opéri — Bench

4 ks/pc. PG, 12,0m
Opéri — Bench
6 ks/pc. PG, 8,0m
7 Spkl —Invert
5ks/pc. SN, 4,0m

Kalota — Top heading

10 ks/pc. PG, 8,0m

8 ks/pc. PG, 12,0m

’ Opéri — Bench

i 8 ks/pc. PG 8,,0m

Sp.kl. — Invert

6 ks/pc. PN, 6,0m
-

TH 29/58

Délka zabéru
s — Advance length 0,75m
- StF. beton — Shotcrete
0,35m

Obr. 4 a 5 Uprava vystrojeni pro tiidy horniny RC V a RC VI v téch nejtézSich podminkdch
Fig. 4 and 5 Modification of support for rock classes RC V and RC VI in the most difficult conditions

Kdyz se vylom &elby MSB pribliZil do tohoto prostoru a zacala se
projevovat skutend kvalita horninového masivu, pracovni postup
a kotevni systém byly pfizpusobeny podle MRD témto nepfiznivym
podminkdm. Zménéné kotevni systémy pro tiidy RC V a RC VI jsou
uvedeny na obr. 2 a na obr. 3. Vylom pristropi v RC V byl rozdélen do
Sesti Cdsti, opefi do tfi a kone¢né vylom a betondZ spodni klenby byly
provedeny najednou. Podobné byl upraven i ndvrh pro RC VI, pouze
opéfi bylo ddle jesté rozdéleno, a to na pét &asti. Pokud se tykd kotevni-
ho systému pro RC V, pocet kotev byl postupné zvySovan tak, Ze celko-
vd délka osazenych kotev vzrostla v prvnim kroku z plvodnich
80 m na 144 m a ve druhém az na 220 m v jednom prstenci, aby bylo
vyhovéno podminkdm MRD a byla dodrZena hodnota ,,optimdlni defor-
mace” stanovend pro toto nepfiznivé horninové prostiedi. Jak bude uka-
zano pozdéji, ani takto zesilend primarni vystroj nebyla dostateénd, kdyz
se priblizila elba MNB. Primarni vystroj pro RC V byla provedena
podle obr. 4, pouze mezery ve stfikaném betonu nad spodni klenbou
byly pouZity pozdéji, po urCité zkuSenosti s vlivem druhé tunelové
roury. Ve tfidé RC VI byly mezery ve stiikaném betonu uplatnény jiz od
pocdtku presné podle obr. 5 a jejich zbytky byly zcela zaplnény az po
prichodu ¢elby MNB.

Je v8eobecné zndmo, a jiz to bylo v predchdzejicim ¢ldnku prezento-
vdno, Ze pro aktivovéani dnosnosti kotvami vytvorené horninové klenby
je nezbytnd horninovému prostredi a pouZitému vylomovému systému
odpovidajici deformace tunelového vyrubu. Z tohoto konstatovani pak
vyplyvaji dalsi pravidla, kterd je nutno dodrZet. JestliZe pfijmeme pred-
poklad, Ze pro aktivaci kotevniho systému je zapotfebi ur¢ité deforma-
ce, pak veSkerd Cést této deformace, kterd probéhne pred osazenim
kotev, je deformace nefizend a nadbyte¢nd, oznaCena jiz diive terminem
,ztracend deformace*, kterd v urcitych pifpadech muZe nejenom zapii-
Cinit nadmérny narust prostiedku vedoucich k jejimu zastaveni, ale vést
i k dplnému zdvalu tunelového vylomu. TakZe zlaté pravidlo ¢islo 1 znf:
.Kotevni systém musi byt osazen tak blizko Celby, jak je to jen technic-
ky mozné.”“ Druhé zlaté pravidlo pak je: ,,Body urcené pro sledovan{

some structures already completed there, e.g. a deep open cut, a brid-
ge etc.

When the MSB face arrived to this location and the real quality of the rock
mass started to show, the working procedure and rockbolting system were
adjusted to the unfavourable conditions, according to the CDM. The changed
rockbolting systems for rock classes RC V and RC VI are shown in Fig. 2 and
Fig. 3. The top heading and core excavation in RC V were divided into six and
three sequences respectively, while the invert excavation and concrete casting
were carried out as a single operation. The procedure for RC VI was modifi-
ed similarly, excepting the core excavation, which was further divided into
five parts. Regarding the rockbolting system for RC V, the number of rock
bolts was increased step by step. The total length of rock bolts installed in one
ring grew from original 80 m to 144 m at the first step, and to 220 m at the
second step, so that the CDM conditions were satisfied and the “optimal
deformation” value determined for this unfavourable environment was main-
tained. As shown later in this article, the primary support, reinforced in this
manner, was insufficient as the MNB excavation face arrived closer. The pri-
mary support for RC V was installed according to Fig. 4, excepting gaps in
shotcrete lining above the invert, which were applied later, after obtaining cer-
tain experience from the effect of the other tunnel tube excavation. For RC VI,
the gaps in shotcrete were applied since the beginning, exactly according to
Fig. 5, and were completely filled only after the passage of the MNB excava-
tion face.

It is generally known, and has already been presented in the previous
article, that deformation of the tunnel opening corresponding to the rock
environment and the applied excavation system is necessary for activation
of the load bearing capacity of the rock arch created by rock bolts. Then,
another rule follows from this statement that has to be complied with. If we
accept an assumption that a certain deformation is necessary for activation
of the rockbolting system, the part of deformation that develops before
installation of rock bolts is an uncontrolled and redundant deformation,
denoted earlier by a term “lost deformation”, which can, in certain cases, not
only cause excessive increase in the means required for termination of this
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konvergence musi byt osazeny co nejdfive po provedeni vylomu, bez-
podmine¢né do prvniho prstence. Bez respektovani téchto dvou pravi-
del nelze uplatnit zdsady MRD.

Kdyz se vSak nepodaii, navzdory provedenym kotvam, konvergenci
zastavit v mezich optimdlni deformace, pak celkové mnozstvi kotev
potiebné pro dosaZeni stability tunelového vyrubu nadmérné stoupd.
V nékterych ptipadech bylo v takovych mistech osazeno az 400 m kotev
v jednom prstenci.

Pro nékteré typy horninového prostiedi byly proto na tunelech Sela-
tin, na zdkladé extensiometrického méfeni, teoretickych vypocta
a praktického pozorovdni, stanoveny meze optimdlni deformace, uvede-
né v &ldnku o MRD.

Pozadovand velikost celkové deformace byla v problematickych
mistech (kde zdkladni mnoZzstvi kotev se ukdzalo jako nedostate¢né)
zajiStovana podle zasad MRD, dodate¢nym instalovanim posilujicich
kotev 8 a 12 m dlouhych a zménou vzddlenosti mezi ¢elbou pristropi
a spodni klenbou primédrniho osténi. V této oblasti se jako optimaln{
ukazala vzdalenost od 15 do 25 m. Celkova délka kotev, instalovana
v této Casti v jednom prstenci, je patrnd z obr. 6 a je zfejmé, Ze v nékte-
rych prstencich dosdhla az 300 m délky kotev oproti 80 m, predpokla-
danym pro RC V v projektu. Na tomto obrdzku je rovnéZ uvedena veli-
kost celkové deformace v podélném sméru tunelu MSB v km 200+527
a7 200+849, ve trech bodech ABC a vodorovnd konvergence mezi
body B a C. Vyvoj deformace je na obrdzku rozdélen do tif hlavnich
skupin, dvé pred, treti po pfichodu ¢elby MNB. Rovnéz je zde nazna-
¢ena klasifikace horninového masivu ve spojitosti s deformacemi
tunelového vyrubu.

Kotvy v MSB — Anchors in the MSB 5276 - 809" i
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Obr. 6 Konvergence vyrubu za obdobi 10 mésicii v souvislosti s mnoZstvim
instalovanych kotev

Fig. 6 Convergence of the tunnel opening within a 10-month period,
in connection with the amount of installed rock bolts

Pred priblizenim se Celby MNB popsané dvoji zesileni kotevniho
systému spolu s opravou nebo znovuvybudovdnim spodni klenby uved-
lo horninovy masiv do stavu velmi blizkého nulové deformacni rych-
losti, jak je patrné z prubéhu prvnich &asti konvergenénich kiivek na
obr. 7. Timto zpasobem se dspé$né proslo prvnim nepiiznivym dsekem
velmi mékkych hornin a ddle pak grafitickymi bfidlicemi bez vétsich
problému a7 do mramort v km 200+890.

V tomto okamZiku je tieba se zminit o duleZitosti udrZeni stability
Celby v podobnych geologickych podminkédch. Navzdory rozdéleni
vylomu Celby v kaloté na Sest ¢dsti dochdzelo Casto k pohybu horniny
z Celby, obyCejné v horni partii pri stropu vyrubu. KdyZ byl tento jev
fidky, rozhodovala o instalaci ochranného de$tniku kazdodenn{ prohlid-
ka Celby. Tento destnik byval obvykle tvofen betondiskou oceli & 32,
dl. 2,5 — 4 m. Jednalo-li se o horniny kiehké, bylo tfeba destnik opatfit
injektdzi, aby byl zrusen perfora¢ni Gi¢inek vrta a doslo k opravdovému
spoluptsoben{ horninového masivu a ocelovych ty¢i destniku. V horni-
nach mékkych, kde dochdzelo k samovolnému sevieni ocelovych tyci
vlivem plastického pretvareni horninového prostredi, provadéni injekta-
Ze nebylo pozadovéno. Jestlize bylo nutno instalaci deStniku opakovat
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process, but also lead to a total collapse of the tunnel excavation. Therefo-
re, the golden rule No. 1 is: “The rockbolting system must be installed as
close to the excavation face as technically possible”. The golden rule No. 2
is: “Convergence measuring points must be installed as soon as possible
after the excavation, unconditionally in the first ring”. The CDM principles
cannot be applied without respecting those two rules.

But if, despite the installed rockbolts, we do not succeed in stopping the
development of convergences within the optimal deformation limits, the total
amount of rockbolting needed for reaching stabilisation of the tunnel opening
increases excessively. In some cases up to 400 m of rockbolts were installed in
one ring in such locations.

For the above reason, optimal deformation limits were determined (see
the article on the CDM) for some rock environment types encountered in the
Selatin tunnels, based on extensometric measurements, theoretical calcula-
tions and in-situ observations.

Required magnitude of the aggregated deformation in problematic locati-
ons (where the basic quantity of rockbolts proved insufficient) was secured
according to the CDM principles, i.e. by additional installation of reinfor-
cing rockbolts 8 and 12 m long, and by changing the distance between the
top heading and the primary lining invert. A distance of 15 to
25 m proved optimal in this area. The total length of rockbolts installed in
this section in one ring is shown in Fig. 6. It can be seen that in some rings
this length reached up to 300 m, compared to the length of 80 m expected
for RC V by the design. The picture also presents the magnitude of aggre-
gated deformation in the longitudinal direction of the MSB tunnel, at km
2004527 to 200+849, at three points ABC, and horizontal convergence bet-
ween the points B and C. The deformation development shown in the pic-
ture is divided into three main groups, two of them before and the third one
after arrival of the MNB heading. The picture also shows the rock mass clas-
sification considering the tunnel opening deformation.

The above-mentioned double reinforcement of the rockbolting system,
combined with a repair or new construction of the invert, carried out before
the MNB heading arrival, brought the rock mass into a state very close to
zero rate of development of deformations, as can be seen from the course of
the initial sections of the time-displacement curves (see Fig.7). This method
allowed successful passage through the first unfavourable section of very
weak rock, and further through graphitic schist up to marbles at km
2004890, without significant problems.

It is necessary at this moment to mention the importance of maintai-
ning stability of the excavation face in similar geological conditions.
Despite the division of the top heading face into six parts, movement of
the rock from the face occurred frequently, usually from the top, at the
excavation crown. When this phenomenon was rare, a daily inspection of
the face decided about installation of a protective umbrella, i.e. forepo-
ling. The forepoling usually consisted of reinforcement bars & 32 mm,
2.5 —4 m long. If fragile rock was encountered, the forepoling had to be
improved by grouting so that the perforation effect of the boreholes was
destroyed and real interaction between the rock mass and the forepoling
bars was activated. In weak rock, where spontaneous squeezing of the
forepoling bars occurred due to plastic deformation of the rock environ-
ment, the grouting was not required. When the forepoling installation
had to be repeated frequently, nearly in each ring, longer profiles (6 to
8 m) of the same diameter of 32 mm were used, especially in talcous and
chloritic shist rock types. In some cases, where the whole face
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Obr. 7 Vliv preruseni razby a vliv pribliZeni druhé tunelové roury na deformace
prvniho vyrubu v bodech A, B, C

Fig. 7 Influence of suspension of excavation operations, and influence of the
second tube approaching on deformation of the first tunnel opening at
points A, B, C
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Obr. 8 Deformace a typ poruseni prvni tunelové roury (vpravo) vlivem pribli-
Zeni druhé (vlevo). Zajisténi stability mezilehlého pilire

Fig. 8 Deformation and type of damage of the first tunnel tube (right side)
due to the second tube (left side) approaching. Securing stability of the
intermediate rock pillar

Casto, téméf v kazdém prstenci, pak byly pouZzity pro ochranu vylomu
profily del3{, 6 az 8 m, o stejném priméru 32 mm, zvl4sté v horninach
charakteru mastkovych a chloritickych bridlic. V nékterych pripadech,
kdy se celd Celba jevila jako nestabilni, byl pro jeji stabilizaci uZit jed-
nak opérny horninovy klin, jednak kotveni v Caste¢né nebo celé plose
Celby. KdyZ v takovych problematickych geologickych pomérech zajis-
ten{ Celby nebylo provedeno, Casto se stalo, Ze doslo ke vzniku nadvy-
lomu, coZz znamenalo zdrZeni v hladkém prabéhu praci, s ndslednym
rozvolnénim horninového masivu v oblasti kolem vyrubu soucasné se
zvétSenim konvergenci.

Vsechna rozhodovani o zpusobech zajisténi Celby, o difve popsanych
zesilenich kotevni vystroje i jinych dalSich dpravéch byla uskutecriova-
na v soudinnosti zdstupct provaddéjictho podniku a stavebniho dozoru.
Pokud byla provedend zména zdsadnéjsiho rdzu, byla dodate¢né schva-
lena zdstupcem projektanta. Tak byla zajiSténa potrebnd operativnost,
nezbytnd pro hladky a bezpe¢ny postup vsech praci.

3. VLIV VYLOMU DRUHEHO TUNELU (MNB)

Priblizné o dvandct mésicu pozdéji se do tohoto prostoru v km
2004600 priblizila ¢elba MNB (Memetler North Bound). Jeji vliv na
deformaci MSB je patrny z obr. 7. Na téchto grafech je rovnéZ ilustrovan
nepriznivy vliv dlouhodobého preruseni vylomovych praci. Price na
vylomu MNB byly poprvé preruseny od 6. 2. 1994 do 14.9. 1994, tj. pfi-
blizné po dobu sedmi mésict, a podruhé od 26. 2. 1995 do 5. 6. 19953, tj.
po dobu dalgich tif mésica, pro nedostatek penéz. Na tvaru deformacnich
kiivek v tunelu MSB je moZno pozorovat, Ze jejich prubéh je z pocdtku
zcela uspokojujici, podle zdsad MRD, pokud deformace nebyla jesté
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Obr. 10 Cas potiebny pro uklidnéni deformaci. Ve viech bodech k nému doslo
ve stejné dobé

Fig. 10 Time necessary for settling of deformations. It occured at all the points
in the same time

appeared unstable, the stabilisation system consisted of a support rock
wedge combined with rockbolts within a part or full area of the face.
When the face support was not provided in such difficult geological
conditions, it frequently happened that an overbreak occurred, associa-
ted with a delay to the smooth course of operations, followed by loo-
sening of the rock mass within the area around the opening, taking
place concurrently with the increasing convergences.

All decisions on the face support procedures, on the above-mentioned
reinforcement of the rockbolting system and other modifications were
made in collaboration with representatives of the tunnelling contractor
and the supervision engineer. When a more considerable modification
was carried out, a subsequent approval by the designer was required.
This is how operativeness necessary for smooth and safe progressing of
all operations was ensured.

3. INFLUENCE OF THE SECOND (MNB) TUNNEL TUBE EXCAVATION

Approximately twelve months later, the MNB (Memetler North
Bound) tunnel tube excavation face arrived to this location at km
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Obr. 9 Enormni deformace druhého tunelu zpusobené pozdnim provedenim
spodni klenby

Fig. 9 Enormous deformation of the second tunnel tube due to delayed
construction of invert
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Obr. 11 Zmény napjatosti horninového prostredi vlivem raZby druhého
tunelu

Fig. 11 Changes in the state of stress of the rock mass due to excavation of the
second tube
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ovlivnéna blizici se Celbou MNB. V dobé preruseni praci je v§ak mozno 200+600. Its influence on the MSB excavation is recognisable from
sledovat plizivou deformaci, kterd se okamzité po zapoCeti praci zménila Fig. 7. These charts also illustrate unfavourable influence of long-term
v dal§i ndrust. Tento narust deformaci byl s pribliZovanim se ¢elby MNB suspension of the excavation work. The excavation work on the MNB
stale rychlejsi, az bylo nutno postup MNB zastavit a osadit v obou tune- tube was suspended for the first time from 6/2/1994 to 14/9/1994, which
lech dodate¢né 12 m dlouhé kotvy do stfedniho horninového pilite. Po means for approximately 7 months, and for the second time from
instalaci téchto zesilujicich kotev se nebezpe¢ny tvar deformacni kfivky 26/2/1995 to 5/6/1995, meaning another three-month break, due to lack
zménil téméf na klidovy prabéh, aviak v tom okamZiku doslo k dal§imu of money. The shape of the MNB time-deformation curves suggests that
preruseni praci. Po jejich opétovném zahdjeni doslo k dal$imu zvySeni deformations developed fully satisfactorily at the beginning, in terms of
deformacni rychlosti, a tak bylo zapotfebi osadit dal§i mnoZzstvi dodate¢- the CDM principles, until the deformation was affected by the approa-
nych kotev pfesto, Ze po prvnim zvyseni jejich poétu presel vylom témér ching MNB excavation. It is, however, possible to observe a creeping
do klidového stavu. Je pravda, Ze druhy narust deformaci jiZ nebyl tak deformation in the work suspension period, which changed to another
dramaticky jako prvni, kde hrozila ztrdta stability stfedniho horninového increase immediately after the work resumption. This increase in defor-
pilite. Zv1asté zajisténi této stability se jevilo jako velmi duleZité, proto- mations accelerated with the MNB excavation face getting closer. It was
Ze bylo jasné, Ze po zhrouceni tohoto pilife by jiz nic nemohlo zabrdnit necessary to stop the MNB advance due to this reaction, and install addi-
zédvalu obou tunelt. Proto byly do tohoto pilife osazeny v kazdém prsten- tional 12 m long rock bolts in either tunnel tube (into the central rock
ci z obou tunelt tfi 12 m dlouhé kotvy, jak je naznafeno na obr. 8. pillar).The dangerous course of the time-deformation curve changed to

Z této lokality pochdzi také nacrt rozldmaného osténi ze stiikaného a nearly “at rest” course, but another work suspension occurred in the
betonu. Je zde zndzornén pohyb jednotlivych &asti tohoto osténi same moment. The rate of development of deformations increased again
anebezpe¢nd mista, kde bylo nutno instalovat dodatecné kotvy. Pro kva- after resumption of the operations. For that reason another amount of
lifikované rozhodnuti ohledné umisténi zesilujicich kotev je vZdy treba additional rock bolts had to be installed, despite the fact that the exca-
mit k dispozici skute¢nou deformacnf situaci, tj. dlouhodobé deformac- vation got to a nearly “at rest” state after the first addition of the rock
ni kfivky, smér deformace, okamZitou deformacni rychlost, blizkd mista bolts. It is true that the second increase in deformations was not as dra-
zvldStnich udalostf, vystihujici prostorové situa¢ni podklady veetné geo- matic as the first one, threatening with a loss of stability of the central
logie, rozloZeni soucasnych vylomovych praci a umét vSechny tyto sku- rock pillar. Securing this stability was considered especially important,
tecnosti spravné interpretovat. Po zminéné stabilizaci horninového pili- as it was obvious that nothing could prevent the two tunnel tubes from
fe, osazeni na nd¢rtu naznaCenych zesilujicich kotev a uzavfeni spodn{ collapsing after a failure of this pillar. For that reason three 12 m long
klenby v MNB dal3i deformace tunelového vyrubu prakticky ustala. rock bolts were installed into this pillar, in each ring, from both tunnels

Dvakrat preruSeny postup praci, ndsledné rozvolnéni horninového (see Fig. 8).

masivu, z toho diivodu vzniklé dva za sebou nésledujici nadvylomy a ne
prili§ uzkostlivé dodrzovéani zdsad MRD (nejpodstatnéj$i zanedbani
bylo zvétseni vzdélenosti mezi elbou kaloty a realizaci spodni klenby
pres veskerd varovani az na 45 m), mély za ndsledek vznik enormnich
deformaci (70 cm) v tunelu MNB v km 100+676 viz obr. 9. Celkova
délka kotev nutnych pro stabilizaci primarniho osténi byla v této oblas-
ti 370 m v jednom prstenci. Na obr. 10 je zndzornén vliv vylomu tunelu
MNB v podélném sméru. Oblast nulovych deformaci je podle métreni
vzddlena od Celby cca 121 m. To znamend, Ze v danych geologickych
podminkdch pri praktickém dennim postupu 1 m doslo ke stabilizaci
vyrubu, nutné pro splnéni podminek vystavby sekunddrniho osténi, pri-
blizné po Ctyfech az péti mésicich. Rychlost deformace je na obrazku
sledovana v cm za mésic, v deformacnich bodech ABC.

Velmi zajimavé zdvislosti jsou zachyceny na obr. 11. Kritickd situace
a nejvetsi deformace se v MSB odehrdvaly cca 20 m za ¢elbou MNB
a prvni signdly o pohybu horniny bylo moZno sledovat jiz 40 m pred Cel-

The sketch of broken shotcrete lining also originated in this locati-
on. It depicts movement of individual parts of the lining, as well as
dangerous places requiring installation of additional rock bolts. It is
always necessary for a qualified decision on installation of reinforcing
rock bolts to know actual deformation situation, i.e. long-term time-
deformation curves, direction of deformation, instantaneous rate of
development of deformation, close locations of extraordinary events,
data giving a true picture of spacial situation including geology, distri-
bution of current excavation operations, and be able to interpret all the
information correctly. The further deformation of the tunnel opening
virtually ceased after the above-mentioned rock pillar stabilisation,
installation of the reinforcing rock bolts shown in the sketch, and clo-
sing the invert in the MNB tube.

The twice suspended advance of the operations, the subsequent loo-
sening of the rock mass caused by the suspensions, the two consecuti-

bou MNB. ve cave-ins, and not too much careful adherence to the CDM princip-

les (the most serious neglect was that the distance between the top hea-

4. PRIJATA RESENI NEPRIZNIVE GEOLOGICKE SITUACE ding face and the invert structure incrf:ased, despitq all warnings, up to

NA SELATINSKYCH TUNELECH 45 m) resulted in enormous deformations (70 cm) in the MNB tunnel,

km 1004676 (see Fig. 9). The total length of rock bolts necessary for

.V Prﬁbéhu préce na Selatinskych tunelech byly stanoveny ndsledujici stabilisation of the primary lining in this area was 370 m in one ring.

principy. . Influence of the MNB tunnel excavation in longitudinal direction is

4.1 - Bylo tieba dodrzovat zdsady vyslovené v MRD. To znamend presented in Fig. 10. According to the measurements, the area of zero

sledovat peclivé méfené odchylky a korela¢n{ deformaénf kiiv- deformations is at a distance of roughly 121 m from the excavation

ky, zmény deformacni rychlosti a okamZité pfizpiisobit primr- face. This means that in the given geological conditions, at practical

ni zajiSténi nepfiznivym projeviim horninového prostredi. advance of 1 m per day, the tunnel opening got to a stabilised state

— V mistech o¢ekdvanych velkych deformaci (RC VI) pouZit TH necessary for meeting the conditions for erection of secondary lining

vystroj s mezerami ve stffkaném betonu. approximately after four to five months. The rate of development

— Kazdodennt prohlidka Celby zdstupci provddéctho podniku a sta- of deformations is monitored in the figure in cm per month, at con-
vebniho dozoru pro stanoveni optimdlniho zajisténi stability ¢elby vergence measuring points ABC.

v ndsledujicim prstenci. Very interesting relationships are presented in Fig. 11. A critical

situation and the biggest deformations in the MSB tunnel took place
about 22 m behind the MNB excavation face, and the first signals of
rock movement could be observed as early as 40 m in advance of the
MNB face.

4. ADOPTED SOLUTIONS OF THE UNFAVOURABLE
GEOLOGICAL SITUATION OF THE SELATIN TUNNELS

The following principles were determined in the course of the work

on the Selatin tunnels:

4.1 - The principles specified by the CDM had to be adhered to.
This means careful observation of measured deviations and
correlation time-displacement curves, changes in the rate
of development of deformations, and immediate adjustment

Obr. 12 Kritickd mez deformace, pri které dochdzelo k poruseni spodni klenby of primary support to unfavourable signals of the rock envi-
Fig. 12 Critical limit of deformation associated with failures of the invert ronment.
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—Rovnéz bylo nutno prubézné upresfiovat nutnou vzdélenost
Celby a spodni klenby.

4.2 — Byl zde problém vzdjemného ovliviiovani tunelt v obdobi vylo-
mu druhé roury. ProtoZe je nemozné zabranit v tomto okamZiku
vzniku novych deformaci v podobnych geologickych podmin-
kéch, bylo nutno primérni osténi prvniho tunelu na tuto skute¢-
nost pripravit.

— Proto byla i v pripadé tridy RC V, jak jiz bylo feceno, vytvorenim
dvou mezer v paté osténi umoznéna dalsi deformace tak, aby nedo-

§lo k jeho destrukci. Ve tfidé RC VI byly pouzity celkem Ctyfi
deformacni mezery (obr. 4, 5).

— Naopak bez veskerych mezer bylo postupovéno pri razbe druhé-
ho tunelu, aby se omezenim deformaci na nezbytné minimum co
moznd potladil nepriznivy d€inek na osténi prvniho tunelu. Dalo
se ofekdvat, Ze bez moznosti volné deformace v tak nepfizni-
vych geologickych podminkdch dojde k destrukci primdrniho
osténi MNB. Po uzavieni ostén{ a dalsich 5,0 — 6,0 cm defor-
mace méfené v bodech B,C, byla spodni klenba MNB skuteéné
prolomena, takZe bylo nutno provést jeji rekonstrukci viz obr.
12. Bylo to vSak lep3i neZ dal§i enormni ndrist deformaci
v MSB. Zde je tfeba poznamenat, Ze vliv koncentrace napéti, ke
které doslo do relativné tuhého primarniho zajisténi MSB zdro-
ven s priblizenim se ¢elby MNB, byl pfi vystavbé druhého tune-
lu jasné patrny. Vylomové prace v MNB byly snazsi a celkové
deformace menSi neZ pii vystavbé MSB.

Funkce deformaénich mezer, vytvorenych v primdrnim osténi MSB,
byla nésledujici. Za prvé priznivy vliv v dobé raZeni MSB, za druhé
kdyz ¢elba MNB dosla do této oblasti a nastal novy pohyb horninového
masivu. Zdkonité doslo k poruSeni osténi v jeho nejslabSich bodech
v mezerdch a dal$i ¢dst deformace bez poskozeni stifkaného betonu
mohla probéhnout. KdyZ tak byla vyuZita dal${ ¢ast tinosnosti hornino-
vé klenby, zbytek mezer byl zastfikdn a vystavba primdrniho osténi
v MSB tak prosla bez velkych oprav. Velmi zajimavd skuteCnost je
zobrazena na obr. 13, kde je porovndn rozdil deformaci mezi osténim
s mezerami a bez nich. Ve tfidé RC V, kde jako Zebra jsou pouZity I pro-
fily, a bylo tudiZ mozno vytvofit mezery pouze v patdch, maji méfici
body ABC priblizné stejnou deformaci. Obélka ze stiikaného betonu,
pokud neni porusena, klesd jako celek. Ve tfidé RC VI, kde jsou osaze-
ny TH profily se ¢tyfmi mezerami ve stifkaném betonu, se charakter
deformace pronikavé méni. Velikost poklesu v méficim bodé A (80 cm)
predstavuje témér dvojnédsobek této hodnoty naméfené v RC V, zatimco
deformace bodti B,C je mensi nez v RC V. To je ilustrace vlivu defor-
macnich mezer na konvergenci vyrubu v nepriznivych geologickych
podminkdch a rovnéZ ilustrace toho, jak velkd deformace je potfebnd
k pIné aktivaci Gnosnosti horninové klenby. Je pravda, Ze pri velké
deformaci je nezbytny i velky nadvylom, ale tato nevyhoda je dostatec¢-
né vyvédZena neporuSenym stitkanym betonem primdrniho osténi bez
dodate¢nych, mnohdy velmi obtiZnych, rekonstruk&nich praci.
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Obr. 13 Rozdil v pribéhu deformaci pri uZiti tuhého (GI) a poddajného (TH)
vystrojeni

Fig. 13 Difference in the course of deformations when rigid (GI) and yielding
(TH) support is used

5. ZAVERY, KTERE PLYNOU ZE ZKUSENOSTI VYSTAVBY
SELATINSKYCH TUNELU

V této Césti ¢ldnku jsou struéné uvedeny vechny zdsady, které je treba
mit na paméti pfi navrhovéni a provadéni podzemnich staveb v nepfizni-
vych geologickych podminkdch novou rakouskou tunelovaci metodou.

— Vzddlenost mezi tunelovymi rourami v tak nepfiznivych geologickych

podminkdch musi byt nejméné dva profily vylomu, aby stabilita

- To use TH support frames with gaps in shotcrete at locations
of anticipated large deformations (RC VI).

- Daily inspection of the excavation face by representatives of
the contractor and supervising engineer focused on determina-
tion of optimal support of the face in the subsequent ring.

- The necessary distance between the face and invert must also
be refined continually.

4.2 - There was a problem of interaction between the tunnel tubes in
the period of excavation of the second tube. As it was impos-
sible to prevent development of new deformations in this
moment in similar geological conditions, it was necessary to
prepare the primary lining of the first tube to this reality.

For the above reason, further deformation was made possible
in the case of class RC V by creation of two gaps at the lining
feet, as mentioned above, to prevent its destruction. Four defor-
mation gaps were used for class RC VI (see Fig. 4, 5).

On the contrary, the second tunnel tube excavation was carried
out without any gap in shotcrete lining so that the adverse
impact on the first tube were restrained by limiting deformati-
ons to an inevitable minimum. It was expectable that the MNB
primary lining, without possibility to deform freely, in such
difficult geology, would be damaged. The MNB invert really
collapsed after closing the lining and further 5.0 — 6.0 cm
deformation (measured at points B, C), therefore it had to be
reconstructed (see Fig. 12). This was, however, better than furt-
her enormous increase in the MSB deformations. It should be
noted that the influence of the stress concentration, which took
place in the relatively rigid primary support of the MSB tube
concurrently with the MNB excavation face arriving closer,
was clearly recognisable during the construction of the second
tunnel. The excavation work on the MNB tube was easier, and
aggregated deformations smaller than those experienced
during the MSB tunnel excavation.

The function of the deformation gaps created in the MSB primary
lining was as follows: Firstly, the favourable influence during the
MSB excavation, secondly, when the MNB excavation face arrived to
this area and new movement of the rock mass began. As a matter of
course, the lining failed in its weakest points, i.e. in the gaps, and the
further portion of deformation could take place without damage to the
lining. Thus another part of bearing capacity of the rock arch was
exploited. What remained of the gaps was filled with shotcrete. Due to
this procedure the erection of primary lining in the MSB tunnel did not
require significant repairs. A very interesting feature is shown in Fig.
13, where a difference between deformations of the lining with and
without the gaps is compared. For class RC V, where I sections were
used as ribs, and the gaps could be created at the feet only, deformati-
ons at the measuring points are roughly equal. The envelope formed by
the shotcrete, unless damaged, subsides as a single body. For class RC
VI, where TH sections are used with four gaps in shotrete, the charac-
ter of deformations changes significantly. The magnitude of subsiden-
ce at the measuring point A (80 cm) represents nearly 2 times this
value measured in RC V conditions, while deformation of the points
B, C is smaller than in RC V. This is an illustration of the influence of
deformation gaps on convergence of a tunnel opening in unfavourable
geological conditions, and also an illustration how large deformation
is necessary for full activation of bearing capacity of a rock arch. It is
true that a large overbreak is necessary in case of large deformation,
but this disadvantage is sufficiently compensated by undamaged
shotcrete of primary lining, without a need for additional, many times
very difficult reconstruction operations.

5. CONCLUSIONS FOLLOWING FROM THE CONSTRUCTION
EXPERIENCE GAINED ON THE SELATIN TUNNELS

This part of the article contains brief description of all principles,
which must be complied with in designing and implementing underg-
round structures in unfavourable geological conditions, using the New
Austrian Tunnelling Method.

- The distance between tunnel tubes in such unfavourable geologi-
cal conditions must not be less than two profiles of the tunnel ope-
ning, so that the rock pillar stability is not compromised, and the
interaction between the tunnels due to excavation work is as low
as possible.




Toel

horninového pilife nebyla ohroZena a vzdjemné ovliviiovani raz-
bou bylo co nejmensi.

— Odstup mezi &elbami obou tuneli v podélném sméru by mél byt
vetsi nez tri profily, aby nedochazelo k jejich vzdjemnému ovliv-
novani v okamziku vylomu.

— Primdrn{ osténi prvniho tunelu musi byt pfizpusobeno G&inkam
razby druhého tunelu. Bud musi byt primarn{ osténi nadimenzova-
no tak, Ze prenese dal$i koncentraci napéti vzniklou pribliZzenim se
druhého tunelu, nebo naopak je provedeno tak poddajné, Ze pri
dalsi deformaci nedojde k jeho destrukci.

— Tunelovani v tak obtiZznych geologickych podminkdch musi pro-
béhnout bez jakychkoliv preruSovani tak rychle, jak je to jen
mozné. Kazdé preruSeni nebo zdrzeni vede vzdy jen k dal§imu
zhorSen{ pracovnich podminek.
Velmi dulezité je udrZeni konvergence v mezich ,,optimdlni defor-
mace”, jinak problémy se znovuobnovenim rovnovazného stavu
jsou, v souvislosti s nadmérnym zvySenim konvergence, stile vetsi
a vétsi. Velikost deformace vyrubu se Fidi zaji§ténim stability Celby,
poctem kotev v jednom prstenci, volbou jejich délky, casem a mis-
tem jejich osazeni a zménou vzddlenosti mezi elbou vylomu a uza-
vienou spodni klenbou. Do konstrukce spodni klenby v nepfiznivych
geologickych podminkdch neoddélitelné patfi i prislusny kotevn{
systém.

— Kotvy musi byt osazeny do vylomu co nejdfive a co nejblize k Celbe.

V hornindch zarazenych do tfid RC V a RC VI, prestoze podminky

na pridi byvaji ¢asto velmi stisnéné (operny klin Celby), je nutno osa-

dit kotvy nejddle do druhého, vyjimeéné tretiho prstence, coZ zna-
mend 1 m — 2 m od Celby. Nékdy je tato podminka splnéna alespon

CasteCné tak, Ze jsou osazeny nékteré nejdileZitéjsi kotvy, které jsou

pti dal$im postupu praci doplnény co nejdfive, nebo nejsou osazo-

vény prisné kolmo k primarnimu osténi. V hornindch typu RC IIT
aRC 1V je tento problém mnohem mensi, protoze zde obvykle neby-
vé obtizné osadit kotvy hned do prvniho prstence.

Dulezité je dbat na stabilitu Eelby, po kazdém postupu vylomu pro-

vést jeji kontrolu a operativné rozhodnout o zptsobu jejiho zajisté-

ni v ndsledujicim prstenci.

— Dobry ndvrh a peclivé provedeni spodni klenby jsou také velmi

vyznamné. Dostateénd vyztuZz je nezbytnd zejména v patdch osténi

a prilehlé ¢dsti spodni klenby. RovnéZ kotveni v oblasti spodni

klenby je v téchto nepriznivych podminkdch nezbytné. Beton

spodni klenby musi byt proveden najednou v celé tloustce, bez
pracovnich spar, protoZe tyto spary jsou predurend mista poruse-
ni v pfipadech extrémniho naméhani.

Pro primérn{ osténi v takovychto obtiznych geologickych podminkéach

se doporucuje pouziti TH oblouku (korytkové vystroje) jako vyztuz-

nych Zeber a vytvoreni mezer ve stifkaném betonu v misté zdmku.

Dostate¢né presnd periodickd mérfeni deformaci, jejichz okamzité

vyhodnoceni a aplikace podle principt MRD jsou nezbytné;

tj. porovndvani teoretické a skute¢né deformacni kfivky, rozhodo-
vani o zpusobu a rychlosti instalace primarniho osténi, jeho pfi-
padném zesilovéni nebo opraveni vetné spodni klenby.

Zelezovy beton a zkraceni tunelovych past pro sekundarni osténi

se doporucuje pouzit pouze ve velmi nepfiznivych geologickych

podminkdch a ve vSech portdlovych ¢astech.

—V prubéhu vystavby sekundarniho osténi musi byt peclivé sledo-
véano ukonceni deformace v inkriminovaném profilu a povoleni pro
jeho vystavbu vyda zdstupce investora teprve, kdyz deformacni
rychlost je mensi nez stanovend hodnota (1 mm/mésic).

Nedodrzeni shora uvedenych zdsad vedlo pfi vystavbé vzdy k pro-
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- The longitudinal distance between the excavation faces of both tun-
nels should be more than three profiles, so that interaction between
the tunnels due to excavation work is avoided.

- Primary lining of the first tunnel must be adjusted according to the
influence of the second tunnel excavation. Either the primary lining
must be proportioned so that it can bear further concentration of
stress induced by the approach of the second tunnel, or conversely,
yieldable to a degree preventing its destruction in case of further
deformation.

Tunnelling in such difficult geological conditions must run without

any break, as fast as possible. Any break or delay always results in

further deterioration of working conditions.

- It is very important to keep convergences within “optimal deforma-
tion” limits, otherwise problems associated with restoration of the
equilibrium state are more and more serious. The magnitude of the
tunnel opening deformation is controlled by providing stability of
the excavation face, number of rock bolts in one ring, choice of their
lengths, time and place of their installation, and changing the distan-
ce between the excavation face and closed invert. Also a proper
rockbolting system is an inseparable part of the invert structure in
unfavourable geological conditions.

- Rock bolts must be installed in the excavation as soon as possible, and
as close to the face as possible. In rock mass classified RC V and RC VI,
despite the fact that conditions at the face are usually highly constricted
(support rock wedge), rock bolts must not be installed at a greater distan-
ce than in the second or, as an exception, third ring (I — 2 m from the
face). This condition is sometimes met at least partially by installing the
most important bolts, and complementing remaining bolts as soon as
possible in the course of the further operations (or the rock bolts are not
installed exactly perpendicularly to the primary lining). In rock classes
RC Il and RC 1V, this problem is much smaller because it is usually not
difficult to install the rock bolts immediately in the first ring.
It is important to take care of the excavation face stability, to check
it after each advance of excavation, and decide operatively on the
support pattern in the following ring.
- A good design and careful execution of invert are also very important.
Sufficient reinforcement is indispensable, namely at the feet of the lining
and adjacent parts of invert. Also rockbolting in the invert area is neces-
sary in such unfavourable geological conditions. The concrete invert must
be cast as a single lift (full thickness), without day joints, because the
joints are predestined locations of failures in cases of extreme stressing.
Application of TH frames (Toussaint-Heintzmann steel arches) as
support ribs, and creation of gaps in sprayed concrete is recommen-
ded for primary lining in such difficult geological conditions.
Sufficiently precise, periodical measurement of deformations,
immediate interpretation and application according to the CDM
principles (i.e. comparison of theoretical and actual time-displace-
ment curves, deciding on the method and speed of the primary lining
installation, reinforcement or repair of the lining including the invert
if needed) are indispensable.

Application of reinforced concrete and shortening of tunnel sections

of secondary lining is recommended in very adverse geological con-

ditions only, and in all portal sections.

Ending of the deformation in the incriminated profile must be care-

fully observed in the course of construction of secondary lining, and

the representative of client’s supervision can approve commencement
of the work on secondary lining only when the rate of development of
deformations is lower than a specified value (1 mm per month).

Failures to meet the above-mentioned principles always resulted in

problems ending in some cases by total collapses of the primary lining
of the tunnel tubes. In all the cases, however, those failures affected
adversely the construction costs.

blémum, které v nékterych pfipadech vyustily aZ v kompletnich zdva-
lech primérniho osténi tunelovych rour. Ve viech pripadech v§ak toto
nedodrZeni mélo nepfiznivy vliv na ndklady vystavby.

PROF. ING. MILOS BUCEK, DrSc., Metrostav a. s. PROF. ING. MILOS BUCEK, DrSc., Metrostay a. s.
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VITKOVSKE TUNELY - SOUCAST STAVBY NOVE SPOJENI

PRAHA HL. N., MASARYKOVO N. -

LIBEN, VYSOCANY, HOLESOVICE

VITKOV TUNNELS - PART OF THE PROJECT “THE NEW CONNECTION"
BETWEEN THE PRAGUE MAIN STATION, MASARYK RAILWAY
STATION - LIBEN, VYSOCANY, HOLESOVICE

MICHAL GRAMBLICKA, IVAN POMYKACEK,
LENKA PIKHARTOVA, PETR SENK, RADEK BROKL
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Priprava stavby Nové spojeni mé — jak uz to u velkych staveb byva —
bohatou historii. Od padesdtych let 20. stolet{ se hledaji cesty, jak nahra-
dit desitky let kapacitné a technicky nevyhovujici napojeni hlavniho
nddrazi ze severniho a z vychodniho sméru. ProtoZe toto Zelezni¢ni spo-
jeni bylo (a doposud je) umoznéno pouze jednokolejnou vitkovskou trati
a jednokolejnou hrabovskou spojkou, je ndhrada tohoto stavu moZna
pouze vybudovdnim novych trati mezi hlavnim nadrazim na strané
jedné, Libni, Vysocany a HoleSovicemi na strané druhé. Odtud nédzev
Nové spojeni. Soucasné feSeni je navic doplnéno i napojenim Vysocan
na Masarykovo nddrazi.

HISTORIE PRAZSKEHO ZELEZNICNIHO UZLU

Prazska nadrazi a Zelezni¢n{ sit'na izemf{ Prahy vznikaly zapojovdnim
tratf z raznych sméru, kdyZ kazd4 z trati si budovala své prazské nadra-
Z{, aniZ by se kdokoliv staral o jejich vhodnd propojeni. Tak vzniklo
roku 1830 prvni prazské nadrazi pred Bruskou branou na druhé
konésprezné drize prazsko-plzenské, o 15 let pozdéji byl zahdjen pro-
voz na vétvi c. k. Severn{ stdtni drahy z Olomouce do Prahy a spolu s jiz
tehdy planovanou trati do DrdZdan byl pro jeji prazské nadrazi vybrén
prostor dne$niho Masarykova nddrazi. Dal§i prazské nddrazi vzniklo
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Obr. 1 Prvni schéma navrhovaného Nového spojeni z roku 1962
Fig. I The first layout of the proposed New Connection from 1962
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INTRODUCTION

As usual for large civil engineering projects, the history of preparati-
on of the New Connection project is very eventful. Ways to replace the
tens-of-years-old connection of the Prague Main Station from the north
and east, being insufficient in terms of the capacity and technical level,
have been sought from the fifties. As this railway connection has been
possible via the Vitkov single-rail track and the Hrabov single-rail track
connection only, a change of this condition is only viable by develop-
ment of new railway lines between the Main Station on one side, and
Liben, Vysocany and HoleSovice on the other side. This is the origin of
the project name The New Connection. The current solution is further
complemented by adding a connection track between Vysocany and
Masaryk Station.

HISTORY OF THE PRAGUE RAILWAY JUNCTION

The network of railway tracks and stations in the Prague territory
developed by connecting new railway lines from various directions,
where each of the lines built its own station, without anybody to take
care of proper interconnections. This is how the first Prague railway sta-
tion originated in 1830, before the Bruska Gate, on the second horse
railway line from Prague to Pilsen. Fifteen years later, the Northern
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v roce 1862 pii stavbé Ceské zdpadni drahy z Prahy do Plzné na Smi- State Railway Line from Olomouc to Prague was opened to traffic, and
chove, pod ndzvem Nadrazi Praha. V roce 1871 vznikla drdha cisare the area of the current Masaryk station was selected for its Prague stati-
Frantiska Josefa z Ceskych Bud&jovic do Prahy s nddrazim Frantiska on (to be shared in the future with the railway line to Dresden, which
Josefa na tpati Vinohrad (dne$nim hlavnim nddrazim). Novodobou his- was in the planning phase then). Another Prague station originated in
torii prazského uzlu je mozno pocitat od roku 1910, kdy vznikla ,,Praz- 1862 in the Smichov district under the name of the Prague Station, in the
skd nddrazni komise*, kterd méla najit cestu ke komplexnimu feSeni framework of the construction of the Czech Western Railway Line from
prazské Zelezniéni sit€ s Givahou o oddéleni ndkladni a osobni dopravy Prague to Pilsen. The Franz Joseph Railway Line from Ceské Budéjovi-
a jeji soustfedéni do dstfedniho osobniho nddrazi. Realizace prvych ce to Prague originated in 1871, simultaneously with Franz Joseph Sta-
polini v tomto sméru preruSila nebo odddlila prvni svétovd valka. tion (the today’s Main Station) at the bottom of Vinohrady Hill. The
Vsechny dopliiujici stavby zlepSovaly funkci dopravy, nemohly ale modern history of the Prague Railway Junction started in 1910, when
odstranit nekoncep&nost historické vystavby. Kromé toho se dostdvala the Prague Railway Station Committee originated. Its task was to find
zastarald Zelezni¢ni zafizen{ do kolize s funkcemi a poZzadavky na roz- a way to a comprehensive solution of the Prague railway network, with
voj mésta. an idea of separation of the passenger service from the freight service

and its centralisation to a central passenger station. The realisation of the
NOVE SPOJENI — SOUCAST PRESTAVBY first actions was suspended or delayed due to World War 1. All comple-
ZELEZNICNIHO UZLU PRAHA mentary structures improved the traffic function, although, they were

not able to remove the lack of conception in the historic construction
development. In addition, the outdated railway facilities started to colli-
de with the city’s functions and requirements for development.

Prvni feSenf této stavby byla poloZena na stul s uvaZovanou prestav-
bou Zelezni¢niho uzlu Praha (obr. 1) na prelomu 50. a 60. let 20. stoleti.
Tehdy Zelezni¢ni odbornici, pouceni z vyvoje Zelezni¢ni dopravy
v evropskych méstech, dospeli k ureni zdsad, na kterych melo dojit
k prebudovéni prazského Zelezni¢niho uzlu: Vybudovat kapacitni pra-
jezdné ustfedni nadrazi vyluéné pro osobni dopravu a napojit je na

THE NEW CONNECTION - PART OF REDEVELOPMENT
OF THE PRAGUE RAIL JUNCTION

odstavna nadrazi, vyloucit ndkladni dopravu z centra a vést ji po obvo- The first solution of this project was brought forward at the turn of the
du mésta do jediného sefadovaciho nadrazi, soustiedit viechna Zelez- 1950s and 1960s when a redevelopment of the Prague Rail Junction was
ni¢ni zarizeni (depa, dilny, opravny, komer¢ni zafizeni apod.) a vybavit considered. Railway experts, informed about the development of rail-
cely uzel jednotnym systémem elektrické trakce a modernim zabezpe- way traffic in European cities, set out the following fundamental prin-
Covacim zafizenim. Pro dal$i rozvoj mésta tak mély byt uvolnény roz- ciples, which the redevelopment of the Prague Rail Junction was to be
sahlé plochy na Té$nové, Maninach, v prostoru Masarykova nadrazi based on: to develop a capacity central through station exclusively for
a v Bubnech. passenger traffic, and connect it to a switching yard (yards); to remove
Samotnd prestavba prazského Zelezni¢niho uzlu byla rozvrzena do freight traffic from the centre, and lead it along the city circumference
sedmi staveb: to a single marshalling yard; to centralise all railway facilities (depots,
B Prestavba a modernizace Zst. Praha hlavni nadrazi workshops, repair shops, commercial facilities, etc.); to equip the whole
® Nové spojeni Rail Junction with a unified contact system and modern interlocking
® Rekonstrukce Zst. Praha-Liben horni nddraz{ system. Further development of the city was to be made possible by
® Rekonstrukce Zst. Praha-VrSovice osobni nddrazi vacation of vast areas in TéSnov and Maniny districts, and in the premi-
m Rekonstrukce sefadovaciho nddrazi Vrsovice ses of Masaryk and Bubny stations.
® HoleSovickd prelozka The redevelopment of the Prague Rail Junction was divided into 7
® Odstavné nadrazi jih projects:
Tyto stavby byly postupné realizovédny, kromé staveb pro osobni ® Redevelopment and modernisation of the Prague Main Station
dopravu nejpodstatnéjSich: Nového spojeni a dokonleni prestavby ® The New Connection
a modernizace Zst. Praha hlavni nadrazi. Paradoxem je, Ze pfes trvajici B Reconstruction to the Prague-Liben Upper Station
potiebu dokondit prestavbu uzlu Novym spojenim a dostavbou Zst. B Reconstruction to the Prague-VrSovice Passenger Station
Praha hl n., nékteré z drive realizovanych staveb prestavby prazského B Reconstruction to the VrSovice marshalling yard
Zelezni¢niho uzlu jiz mezitim s rozvojem hlavniho mésta a dtlumem B The HoleSovice track diversion
a reorganizaci Zelezniéni dopravy pozbyly na svém puvodnim vyznamu B The switching yard South
nebo plni jiné funkce, nez bylo puvodné zamysleno. All of the above mentioned projects have been completed step by
step, excepting the projects that are the most important for passenger
NOVE SPOJENI - SOUCAST PRAZSKE INTEGROVANE traffic, i.e. the New Connection and modernisation of the Prague Main
DOPRAVY PID, POMOC PRI RESENI Station. It is a paradox that despite a continuing need for completion of
DOPRAVNICH PROBLEMU V PRAZE A OKOLI redevelopment of the Prague Rail Junction by constructing the New

Connection and reconstructing the Prague Main Station, some of the
earlier completed projects of the Prague Rail Junction redevelopment
scheme have already lost their original importance or fulfil other functi-
ons than originally intended, due to checks made on freight traffic, reor-
ganisation of passenger traffic, and development of the capital city.

Spolu se zménou spolecenskych poméra na pocdtku 90. let minulého
stoleti doslo k enormnimu nérustu pohybu osob, predevsim jizd do
zamestnani. Vétsina pracovnich mist, zejména téch atraktivnich, je sou-
stfedéna do prazské aglomerace, a to na sebe nabaluje ndroky na kazdo-
denni prepravu obyvatel ve stdle vétsim poctu. Ne vSe je mozno pokryt
méstskou hromadnou a individudlni automobilovou dopravou. Proto je
neméné zévaznym duvodem pro vystavbu Nového spojeni i zavedeni
priméstské dopravy do centra a zaclenéni Zelezniéni dopravy do systé-
mu integrované hromadné dopravy hlavniho mésta Prahy (PID) a jejiho

THE NEW CONNECTION - PART OF THE PRAGUE
INTEGRATED TRAFFIC (PIT) SYSTEM, AN AID IN SOLVING
PROBLEMS OF TRAFFIC IN PRAGUE AND ITS VICINITY

okoli. Teprve vystavba Nového spojeni a navazujici dokonceni moder- Along with a change in social conditions at the beginning of the
nizace hlavniho nddraZ{ toto umoZzni. Po dokonceni téchto staveb bude 1990s, an enormous increase in movement of persons took place, in the
umoznéno nejen rychle dosdhnout centrdlni oblasti, jelikoZ se pocitd field of commuter traffic above all. Most jobs, the attractive ones above
s prujezdy vlaku prfes centrdlni oblast do mist na opa¢né strané mésta, all, are concentrated in the Prague conurbation. This fact is connected
ale i dalSich oblasti mésta bez zatéZovéni jinych druht vefejné dopravy with a continually growing demand for daily transport of citizens. Not
a bez dalSich vyvolanych investic do jejich rozvoje. Nezbytnost takové- all of this demand can be satisfied by urban mass transportation and car
to alternativy vefejné dopravy se ukdzala i v prubéhu povodné v roce traffic. It is therefore not a less important purpose of the New Connecti-
2002, kdy Zeleznice prakticky jako jedind nezklamala a pro vefejnou on project to get the suburb transportation to the city centre, and to
dopravu plnila méstu neocenitelné a nenahraditelné sluzby. Mozna by si incorporate the railway traffic into the integrated system of traffic in
to mohli nektefi méststi radni majici na starost dopravu vice uvédomo- Prague (PIT) and its vicinity. This will be possible only when the con-
vat a zadit pfemyslet i o rozvoji tohoto druhu PID. Pfipadné premyslet struction of the New Connection and subsequent modernisation of the
o moznosti spolufinancovani rozvoje méstské Zeleznice hlavnim més- Main Station are completed. Completion of those projects will not only
tem, jako soucdsti PID. (MoZnosti vedeni linek méstské a priméstské make quick reaching of the central area possible, but also, because tra-

Zeleznice po vybudovani Nového spojeni jsou zifejmé z obr. 2.) ins passing through the central area to the opposite side of the city are
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taken into account, reaching other areas of the
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city without further burdening of other modes of
public transportation, therefore without other
induced investment into their development. The
necessity for such the alternative of public tran-
sportation was also revealed in the course of the
flood in 2002, when railway was the only mode
of transport that did not fail, and provided inva-
luable and irreplaceable services for the city and
its mass transportation system. Some council-
lors responsible for urban traffic might be more
conscious of this PIT mode, and start to think
about its development. They could also consider
a possibility of co-financing development of
a city railway through the capital city as a part
of the PIT system, instead of building a terminal
station of the metro IVC line extension to
Letniany in a totally undeveloped location. (Pos-
sible routes of urban and suburban railway lines
after completion of the New Connection are

Obr. 2 Navrhované schéma priméstské Zelezniéni sité Prahy
Fig. 2 The proposed layout of the Prague suburban railway network

NOVE SPOJENI A ZELEZNICNi KORIDORY

Jak je dnes jiz snad zndmo i mimo odbornou vefejnost, buduji se
v soucasnosti u nds Casti evropskych Zelezni¢nich koridoru, které pro-
chazeji Ceskou republikou. 1. koridor mezi Dé¢inem a Bfeclavi, ktery
byl roku 2002 dokoncen, prochdzi Prahou, stejné jako pripravované
koridory III. z Chebu a Plzné a IV. z Horniho Dvoriité a Ceskych Budé-
jovic.

Znamend to, Ze do prazského hlavniho nddrazi budou dojizdét nebo
projizdét kromé vnitrostdtnich vlaku i mezistdtn{ vlaky nové generace,
dosahujici v naSich podminkdch rychlosti 160 km/h. Pfi zndmé turistic-
ké a kulturni atraktivité Prahy je pochopitelné zjisténi, Ze v Praze se
u tranzitnich vlaki vyménuje asi 80 % cestujicich. Diky soufasnému
tlaku v celé Evropé na ekologii dopravy a jeji vyrazné zkvalitnén{
a zrychleni, spolu s celkovym zlepSenim sluZeb pro cestujici vefejnost,
které jsou smyslem modernizace tranzitnich evropskych koridoru, Ize
prdvem olekdvat, Ze na téchto ddlkovych spojich dojde i u nas k ndris-
tu osobni dopravy. Bylo by jisté paradoxni, kdyby pravé dojezd na
tstfedni nadrazi hlavniho mésta zastal na drovni poloviny 19. stoleti,
resp. by byl znemoZnén vibec, jak navrhuji néktefi kritici Nového spo-
jeni ve své koncepci umisténi hlavniho nadrazi na periferii naseho hlav-
niho mésta.

O vystavbé skute¢nych vysokorychlostnich trati (VRT), po kterych se
jezdi v Evropé rychlosti minimélné 250 km/h, se u nés zatim neuvazu-
je. Pokud by k ni v evropském kontextu mélo dojit, vyuzivaly by vlaky
VRT pro dojezd do hlavniho nddrazi pochopitelné i Nového spojenti, a to
rychlosti, na kterou je dnes navrhovdno (80-100 km/h) a jak je i jinde
v Evropé pro vlaky VRT pii dojezdu do center béZné.

BUDOVANA VARIANTA STAVBY NOVE SPOJENI

Soucasnd podoba Nového spojeni, kterd se po vice nezZ 40 letech hle-
déni kone¢né realizuje, vznikla ve druhé poloviné devadesdtych let,
presnéji v roce 1997, kdy vzesla jako vitéznd z variant projedndvanych
v procesu EIA (projedndvdni vlivu stavby na Zivotni prostied). Po dlou-
hych studijnich pracich na feSeni tohoto problému byla v roce 1996
predloZena k posouzeni srovnévaci studie dvou variant feSeni KV a 2T.
Tento dokument byl doplnén o dokumentace vlivu stavby na Zivotni
prostredi, v némz se posuzovaly klady a zdpory dvou moznych variant
veden{ trati pred poddnim Zddosti o tizemni rozhodnuti. V rdmci tohoto
projednani se ke koncepci stavby kromé drdznich slozek vyjadfovaly
vSechny orgdny a organizace mésta, méstskych Casti i stitu a vlastné ji
tak i spoluutvdrely. Do uvaZovanych reSeni byly promitnuty i nové spo-
le¢enské poméry a novy pohled na funkci kolejové dopravy v obsluz-
nosti méstské a piiméstské aglomerace

Varianta KV (Karlin, Vitkov) Navrhovala Nové spojeni jednak roz-
Sifenim karlinské trati o dvé koleje nad korunou zdrubni zdi a déle
dvéma ,kratkymi“ tunely vrchem Vitkov propojenymi zakrytem

shown in Fig. 2).

THE NEW CONNECTION AND RAILWAY CORRIDORS

As probably known today even outside the sphere of the professional
public, there are sections of European railway corridors currently under
construction passing through the Czech Republic. The Corridor I bet-
ween DéCin and Breclav, which was completed in 2002, passes through
Prague, as well as the corridors III (from Cheb to Plzen) and IV (from
Horni Dvofisté and Ceské Bud&jovice) which are in preparation. This
means that, in addition to inland trains, also new-generation interstate
trains will arrive to Prague, reaching a velocity of 160 km/h in our con-
ditions. At the known tourist and cultural attraction of Prague, the fin-
ding is well understandable that, regarding through trains, 80 % of
coming and going of passengers change in Prague. It is possible to
expect that, thanks to the current pressure in Europe to improve envi-
ronmental aspects of traffic and enhance its quality and speed, together
with overall improvement of services for the travelling public being the
main purpose of the modernisation of European transit corridors, the
passenger traffic intensity on those long-distance railways will increase
even in our country. Certainly, it would be a paradox if the arrival at the
central railway station of the capital city remained at a level of the midd-
le of the 19th century, or were made even totally impossible, as sugges-
ted by some critics of the New Connection proposing placement of the
“main station” on the outskirts of our capital city.

Development of real high-speed lines, such as those allowing trains in
Europe to move at a speed over 250 km/h, is not under consideration in
our country for the time being. Should it happen within Europe and
high-speed trains arrive at Prague, they would certainly use the New
Connection too for their approach to the Main Station, at the currently
proposed design speed (80 — 100 km/h), which is usual for high-speed
trains arriving at city centres even in other European states.

THE VARIANT OF THE NEW CONNECTION TO BE BUILT

The current design of the New Connection, which will eventually be
realised after 40 years of seeking a solution, originated in the second
half of the nineties, more specifically in 1997 when it became a winning
variant in the EIA process. A comparative study of two variants of the
solution, the KV and the 2T, was submitted to assessment after lengthy
study work on solving this problem. This document was complemented
by adding documentation of environmental impact of the project. It con-
tained assessment of pluses and negatives of the two possible variants of
the line route elaborated before submission of the application for the
zoning approval. In addition to railway departments, all responsible
bodies and organisations of the city, city districts and the state submit-
ted their opinions on the conception of the project, therefore they can be
considered as co-authors. Also the new social conditions and the new
viewing of the function of railway traffic in servicing the urban and
suburban conglomeration were projected into the solution under consi-
deration.

The KV variant (Karlin, Vitkov) proposed the New Connection
consisting of widening of the Karlin railway line by adding two tracks
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Obr. 3 Urbanistické ztvdarneni zaclenéni stavby do mésta
Fig. 3 Urban design of the incorporation of the project into the city

jdoucim priblizné v dnesni vitkovské trati. Toto feSeni znamenalo trva-
1é hlukové zatiZeni bytovych domu a trvalé odtrzen{ zelené Vitkova od
obytnych blokt na Zizkové. Na karlinské strané by kromé hlukového
zatizeni doglo zdfezem pro kolej ke znicen{ velkych ploch porosta.

Varianta 2T (2 tunely) V tomto feenf jsou nové trasy v oblasti Ziz-
kova a Karlina vedeny dvéma dvoukolejnymi tunely pod vrchem Vit-
kov, a tedy jak karlinsk4, tak Zizkovskd strana masivu Vitkova bude od
Zelezni¢ni dopravy chrdnéna. Tato varianta se ukdzala jako prijatelnd
pro vSechny tcastniky a byla ndsledné zvolena jako vychozi feSeni.

Obé varianty znamenaly zdsadni zlom v feSenich predklddanych do
roku 1990, kdy se vzdy uvazovalo s koridorem Sesti azZ osmi koleji pro-
chézejicim po karlinském svahu vrchu Vitkov a trati oddélujici méstkou
&ast Zizkov od tohoto kulturniho a pfirodniho ttvaru. Vyslednd varian-
ta (obr. 3) vSe zménila, nad Karlinem nepovedou nové trati, Zizkov bude
spojen s klidovou zénou Vitkova po celém jiznim dpati vrchu.

STAVBA NOVE SPOJENI - VYZNAMNY MESTOTVORNY PRVEK

Je nutno konstatovat, Ze vystavba Nového spojeni md dopad i na své
okoli. Stdvajici Zelezni¢ni spojeni hlavniho nddraZzi s Libni vitkovskym
tunelem a hrabovskou spojkou bude zruSeno a s tim opustény pozemky,
po kterych dnes Zeleznice jezd{. Na t€lese dnesni vitkovské trati se pred-
pokldda vybudovat stezku pro cyklisty a pési a navazujici klidové z6ny,
¢imZ bude dosaZzeno propojeni vrchu Vitkova s prilehlou zdstavbou
méstské &asti Zizkov. Mozné se podobného vyuZiti do¢kd i Zelezniéni
tunel, tam se véci stdle resi. Kromé jiz zminované zmény funkce opou-
§téné vitkovské trati bude nutno zménit i nékteré komunikace v jeji bliz-
kosti, zejména nové mimouroviiové propojeni ulic Novovysocanské
a Pod Plynojemem. Dvoupruhovd komunikace je vedena po mostn{
estakddé v soubéhu s tramvajovym mostem. Ulice Husitskd bude pod
novym premosténim rozsifena na étyfpruhové usporadani. Mimo komu-
nika¢ni dpravy je nutno zminit i zdsah do dnes ,,odstrasujicich® mist
hlavniho mésta a jejich pfeménu v park a odpo¢inkovou zénu. Jednd se
zejména o oblast Krejcdrek — Sluncovd, dzemi mezi zdpadnim portdlem
a ulici Trocnovskou a kone¢né oblast LOKO depa na Masarykové nad-
razi. BohuZel tvar a poloha vrchu Vitkov a okolni zdstavba vici hlavni-
mu nadrazi neumozni dotdhnout trati Nového spojeni v tunelech az na
severni zhlavi{ této centrdlni Zelezni¢n{ stanice v hlavnim mésté, jako je
tomu na opalni strané u vinohradskych tuneld. Je proto nutné zbylou
¢ast uzemi preklenout Zelezni¢ni estakddou a mostem, které umozni
i mimourovnové kiizeni s velmi frekventovanymi ulicemi Trocnovskou,
Husitskou a Seifertovu. Toto vedeni trati nad terénem, soucasné s pred-
poklddanym uvolnénim draZnich pozemku pro potfeby mésta, viak na
druhé strané vytvari nezbytny predpoklad pro moznost nového feseni
prostoru mezi Bulharem a Muzeem armédy véetné dopravy, kterd je zde
komplikovana predevsim kfizovatkou Bulhar a severo-jizni magistra-
lou. Poloha tunelt a jeji vydsténi na vychodni strané ve vrchu Vitkov je
dédna predevsim existujicimi stavbami v podzemi tohoto kopce, jakymi
jsou tunel pro pesi, kolektor PRE, $tola kanaliza¢niho sbérace, podzem-
ni prostory CO, soucasny Zelezni¢ni tunel. Pfesto se podarilo nalézt

above the crown of a revetment wall, and two “short” tunnels passing
through Vitkov hill, interconnected by a cut-and-cover section leading
roughly along the route of the existing Vitkov railway line. This soluti-
on meant a permanent noise nuisance for apartment blocks, and perma-
nent separation of Vitkov hill’s green vegetation from residential blocks
in Zizkov. On the Karlin side, apart from the noise pollution, a large area
of vegetation would be damaged due to the cut excavated for the track
at the crown of the retaining wall.

The 2T variant (2 tunnels). This solution contains new routes in the
Zizkov and Karlin districts. The routes pass through two double-track
tunnels under Vitkov hill, therefore both the Karlin and Zizkov side of
the Vitkov massif will be protected against the railway traffic impact.
This variant proved acceptable for all participants, and was chosen sub-
sequently as the initial solution.

Both the above-mentioned variants meant a fundamental turning
point in the solutions submitted before 1990, which always considered
a corridor of six to eight tracks passing along the Karlin slope of Vitkov
Hill, and a track separating the Zizkov district from this cultural and
natural formation. The resulting variant (see Fig. 3) changed everything.
New railway lines will not lead above Karlin, the Zizkov district will be
interconnected with a quiet zone of Vitkov along the whole southern
bottom of the hill.

THE NEW CONNECTION - A SIGNIFICANT
CITY-FORMING ELEMENT

It must be stated that the construction of the New Connection affects
its surroundings too. The existing railway connection between the Main
Station and Liben via the Vitkov tunnel and Hrabov track connection
will be cancelled, and the land used today for the railway traffic will be
abandoned. It is expected that a cycle and pedestrian track and conne-
cted quiet zones will be established on the track bed of the current Vit-
kov railway line. This solution will connect Vitkov Hill with the adja-
cent buildings of Zizkov. It is possible that also the existing railway tun-
nel will be utilised in a similar manner, this issue is still being solved. In
addition to the above-mentioned change in the function of the abando-
ned Vitkov track, it will be necessary to change some roads in its vici-
nity, above all to build a new grade-separated interconnection of Novo-
vysocanskd and Pod Plynojemem streets. The double-lane road is led on
a trestle bridge structure, in parallel with an existing tram bridge. Husit-
skd Street will be widened under the new bridge to a four-lane configu-
ration. In addition to mentioning the road structures, also the action to
be taken in currently “deterring” locations of the capital city and their
transformation into a park and resting zone should be mentioned. Those
are, above all, an area between Krejcarek and U Sluncové Street, an area
between the western portal and Trocnovskd Street, and eventually an
area of the locomotive depot at Masaryk station. Unfortunately, the con-
figuration and position of Vitkov Hill and the surrounding buildings,
with respect to the Main Station, will not allow the New Connection to
get just up to the northern gridiron of this central railway station
through tunnels, as it is on the opposite side (the Vinohrady tunnels).
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takovou polohu vychodniho portélu, kterd nynéjsi zafizeni respektuje
a zdroven umoznf vyfesit pruplet trati v prostoru svahu nad ulici U Slun-
cové. Kdo tuto oblast znd, vi, Ze pro zdejs$i ndro¢ny terén neni prilis
atraktivni. Stavba Nové spojeni md ambici tuto lokalitu zkulturnit a ne-
udrZované uzemi urbanisticky dotvorit, predev§im zeleni a parkovou
plochou.

TECHNICKE RESENI A UMISTENI STAVBY NOVE SPOJENI

Jednd se o Zelezni¢ni novostavbu v intravildnu hlavniho mésta Prahy
v lokalité mezi hlavnim nddrazim a Balabenkou. Stavba je umisténa na
pozemcich Prahy 2, 3, 8, 9 a 10 v prostoru Zelezni¢ni stanice Praha
hl. n., vrchu Vitkov a dizemi mezi nimi, a déle zdpadné od Vitkova na
Balabence aZ po nddraZ{ Praha-Liben, tj. v dseku ohrani¢eném ulicemi
Italskou, Wilsonovou, Husitskou, Pernerovou, Sokolovskou, Ceskomo-
ravskou, Novovysocanskou, Pod Krejciarkem, Konévovou a Husitskou.
Obsahem stavby jsou tfi nové dseky dvojkolejnych trati Praha — Turnov
(v tdseku Praha hl. n. — Balabenka, spole¢né pro smér Praha hl. n. —
HoleSovice), Praha hl. n. — Praha-Liben a Ceskd Trebové — Praha a tra-
tové spojka trati Praha — Turnov a Praha — Ceska Tiebovd. Smérové
a vySkové poméry trati jsou navrzeny na rychlost 80 — 100 km/h.

Mezi nejzajimavejSi objekty stavby nesporné patii Ctyrkolejnd
Zelezni¢ni estakdda pres LOKO depo Masarykovo nddrazi navazujici na
zépadni — vjezdovy portdl Zelezninich tuneld, kterd tesi zapojeni trati
do severniho zhlavi zst. Praha hl. n. (obr. 4). Jedna se o unikatni mostn{
konstrukci pro &tyfi tratové koleje délky 450 m z predpjatého betonu. Na
vychodni vyjezd ze severniho tunelu navazuje vyznamny mostni objekt,
Zelezni¢ni estakdda Sluncovd, kterd umoznuje mimouroviiové kiizen{

Obr. 4 CtyFkolejnd estakdda mezi Bulharem a tunely
Fig. 4 The four-track railway trestle bridge between Bulhar and the tunnels

It is therefore necessary to get across the remaining part of the area using
a trestle bridge and a bridge. This solution will also make a grade-sepa-
rated crossing with busy streets Trocnovskd, Husitskd and Seifertova
possible. In addition to the benefit of creating free land available for
satisfying the needs of the city, this elevated route design is also a pre-
requisite allowing a new solution of the area between Bulhar and the
Army Museum, including traffic conditions (Bulhar intersection and the
north-south backbone road complicate traffic in this location above all).
The position of the tunnels and their portals on the eastern side of Vit-
kov hill is determined, above all, by structures existing under the surfa-
ce of this hill, e.g. a pedestrian tunnel, cable tunnel, interceptor sewer
tunnel, underground structures for civil defence purposes, the existing
railway tunnel. Despite this fact, a proper location for the eastern portal
was successfully found respecting the existing facilities and, in the same
time, making a solution of the weaving of the tracks in the area of the
slope above U Sluncové Street possible. People who know this area can
confirm that it is not very attractive because of difficult terrain configu-
ration. The ambition of the New Connection project is to improve this
location culturally, and to provide some architectural features in this
unkept area, public greenery and a park above all.

TECHNICAL SOLUTION AND POSITION
OF THE NEW CONNECTION CONSTRUCTION

The New Connection is a new railway construction in an urban area of
the capital city of Prague, in a location found between the Main Station and
Balabenka. The construction lies in the districts of Prague 2,3,8,9 and 10,
in the area of the Prague Main Station, Vitkov Hill and the area between
those, and further to the west of Vitkov in Balabenka, up to the Prague
Liber Station, i.. in an area delimited by Italskd, Wilsonova, Husitsk4,
Pernerova, Skolovskd, Ceskomoravskd, Novovysocanskd, Pod Krejcdr-
kem, Konévova and Husitské Streets. The New Connection construction
consists of three new sections of double-track lines, i.e. the Prague — Tur-
nov line (in the section Prague Main Station — Balabenka, jointly for the
direction Prague Main Station — HoleSovice), Prague Liben line, and Ceska
Trebovd — Prague line, and the track connection of Prague — Turnov and
Prague - Ceskd Trebova railway lines. Horizontal and vertical alignments
of those railway lines are designed for a speed of 80 — 100 km/h.

The four-track railway trestle bridge over the locomotive depot of
Masaryk station belongs undoubtedly among the most interesting
structures of the project. It is connected to the western (entrance) por-
tal of railway tunnels. It solves connection of the tracks to the northern
gridiron of the Prague Main Station (see Fig. 4). It is a unique,
450 m long, pre-stressed concrete bridge structure for four running
tracks. An important bridge structure, the railway trestle bridge Slun-
cova, is connected to the eastern exit from the northern tunnel tube. It
makes a grade-separated crossing of the tracks possible. The 420
m long pre-stressed structure carries a double-track line. Another
important bridge structure is the railway tunnel bridge allowing the
track connection leading from Masaryk Station to cross the Prague —
Turnov track at a very small angle (7°). It is a concrete cut-and-cover
tunnel structure, 125 m long. It was necessary for the road solution to
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Obr. 5 Podélny profil jiznim tunelem
Fig. 5 Longitudinal section through the southern tunnel

trati. Pfedpjata konstrukce délky 420 m nese dvoukolejnou trat. Dal$im
vyznamnym mostnim objektem je Zelezni¢ni tunelovy most umoznujici
kfiZeni tratové spojky od Masarykova nddraZ{ s trati Praha — Turnov ve
velmi malém uhlu kifZeni (7°). Jednd se o betonovy rdam délky 125 m.
Pro silni¢ni feSeni je nutno vybudovat 320 m dlouhou silni¢ni estakddu
Krejcdrek — Palmovka z predpjatého betonu.

Pro Ctendfe naSeho Casopisu jsou vSak nesporné nejzajimavejsi
objekty razenych dvoukolejnych tunelu, které si v ndsledujicich
odstavcich popiSeme podrobnéji.

Navrhované Zelezni¢ni tunely pod Vitkovem se délkou cca 1350 m
fadi k nejdel§im v soustavé Zelezni¢nich tuneli CD. Dva dvoukolejné
tunely jsou vedeny v podéIné ose masivu, s prumérnou osovou vzddle-
nosti 32 m. Tunely v podzemi kifZi podchod pro pési ze Zizkova do Kar-
lina, kanaliza¢ni stoku a energokandl Prazacka (obr. 5). Portdly obou
tunell jsou sdruzené, vjezdovy — zdpadni portdl je umistén ve svahu
v blizkosti Vojenského muzea a vyjezdovy — vychodni je situovdn do
prostoru portédlu stdvajici traté z Libné. Oba portdly jsou v prikrych
svazich Vitkova, a tim jsou urleny také vysoké stény hloubenych sta-
vebnich jam, kdyZ maximalni vyska stén bude cca 26 m. Tunely budou
navzdjem propojeny chodbami, které slouzi jako unikové v pripadé
pozéru vlakové soupravy uvnitf tunelu a pri vystavbé budou vyuzivany
pro dopravu. Na obou portdlech budou pro tento pfipad vybudovény
zéchranné a pristupové plochy pro hasice a zdravotniky.

INZENYRSKO-GEOLOGICKE POMERY

Tvar vrchu Zizkova byl v minulosti upraven lomovou &innosti
a vystavbou Ndrodniho pamétniku. Predpoklddany vyskyt oblasti loma

Fig. 6 A view of the exit (eastern) portals of the tunnels

build a 320 m long elevated highway structure Krejcarek — Palmovka
(pre-stressed concrete).

Undisputedly the most interesting for our readers are the double-track
mined tunnels, described in more detail below.

With their design length of about 1350 m, the railway tunnels under
Vitkov Hill range with the longest within the system of Czech Railways’
tunnels. The two double-track tunnel tubes pass along the longitudinal
axis of the hill massif, at an average 32 m distance between centres.
Under the surface, the tunnels cross a pedestrian subway from Zizkov to
Karlin, an interceptor sewer and the Prazacka Utility Duct (see Fig. 5).
The position of the entrance western portal of the two tunnel tubes is
designed near the Army Museum, while the exit portal on the east is
situated in the area of the existing portal of the railway track from Liben.
The steep slopes of Vitkov Hill that the two portals are located at deter-
mine the height of retaining walls supporting the construction pits,
amounting to maximum values of 26 m. The tunnel tubes will be inter-
connected via cross passages serving as escape ways in case of a train
on fire in the tunnel. The passages will be utilised during the constructi-
on for haulage. Emergency and access areas for fire-fighting rescue
teams and ambulance will be built at both portals.

GEOLOGICAL CONDITIONS

The configuration of Vitkov Hill was changed in the past by quarry-
ing and by the construction of the National Monument. The assumed
location of quarries was situated to the area of the Army Museum, the
southern and eastern edge of the National Monument, and to the area at
the bottom of Vitkov Hill on the south. The height of the quarries rea-
ched even 10 m. In addition to this large-scale quarrying activity, a lot
of minor quarries existed in this series of the Skalec quartzites. The
quarries were backfilled up to the surface level with materials contai-
ning mainly the rock (quartzite) dug during the construction of the Nati-
onal Monument.

Vitkov Hill is a significant morphological element in Prague’s lands-
cape. Its ridge is formed by the denudation-resistant Skalec quartzites.
The beds of the Skalec quartzites are about 100 m thick; in the south and
north they are divided stratigraphically and tectonically from the
overlying series of layers of the Dobrotivy shales or Sdrka shales. The
contact between the Sdrka shales and Skalec quartzites found in the
northern slope of Vitkov forms a geological profile which has been pla-
ced on the list of sites of nature conservation. The excavation will
encounter the Palaecozoic, Middle Ordovician Sérka shales and the over-
lying Dobrotivy series of strata in a facies of the Skalec quartzites.

The Séarka shales are dark-grey silty-clayey shales, micaceous, thin-
ly laminated, with very to extremely close spaced jointing. The series of
strata is interpenetrated with numerous parallel faults. The contact with
the overlying Skalec quartzites is assessed as a stratigraphical contact
exhibiting affection by the tectonics of the Prague Fault and the Liben
Thrust Fault. The Skalec shales consist mostly of tabularly jointed
quartzites and siliceous sandstones, alternating with interbeds of sandy
and clayey shales to claystones. The rock mass faulting is due to the
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Obr. 7 KriZeni Zelezni¢nich trati pred vyjezdovym portdilem
Fig. 7 The crossing of the railway tracks in front of the exit portal

byl situovdn do prostoru Vojenského muzea, jizniho a vychodniho
okraje Narodniho pamétniku a do mist pfi jiznim tpati vrchu Zizkov.
Vyska lomu dosahovala az 10 m. Kromé této vyrazné lomové Cinnosti
se v celém souvrstvi skaleckych kfemencu vyskytovala fada drobnych
lomt. Lomy byly s terénem zarovnany navdzkami s prevahou kfemen-
cu, které byly odt€Zovéany v rdmci vystavby Ndrodniho pamétniku.

Vitkov je vyrazny morfologicky element v krajiné Prahy. Jeho hrbet
tvori vaci denudaci odolné skalecké kiemence. Vrstvy skaleckych kie-
mencu jsou mocné cca 100 a na jihu jsou stratigraficky i tektonicky
omezeny vudi nadloZznim souvrstvim dobrotivskych bridlic a na severu
vugi podloZnim souvrstvim Sdreckych bridlic. Styk $areckych bridlic
a skaleckych kiemenct na severnim svahu Vitkova tvori geologicky
profil, ktery je zarazen do ndvrhu chranénych tzemi. Pfi razbé budou
zastiZeny paleozoické, stfednoordovické Sdrecké bridlice a nadloZn{
dobrotivské souvrstvi ve facii skaleckych kiemencu.

Sarecké bridlice jsou tmavosedé prachovito-jilovité bfidlice, slidna-
té, tence deskovité vrstevnaté s velmi velkou aZ extrémné velkou husto-
tou diskontinuit. Souvrstvi je prostoupeno ¢etnymi paralelnimi porucha-
mi. Styk s nadloZnimi skaleckymi kfemenci je hodnocen jako stratigra-
ficky s ovlivnénim tektonikou prazského zlomu a libeniského nasunuti.
Skalecké vrstvy jsou prevazné tvoreny lavicovité vrstevnatymi kie-
menci a kiemitymi piskovci, které se stridaji s polohami pis¢itych a jilo-
vitych bridlic aZ jilovct. Tektonické poruseni hornin je podminéno bliz-
kosti prazského zlomu, ktery je ve sméru severovychod-jihozdpad
a libeniského presmyku, ktery probihd v Karliné podél tdpati Vitkova.
Razba v meziportdlovych tsecich bude prochdzet ¢etnymi poruchovy-
mi pdsmy, které byly indikovdny v archivnich i nové provedenych
vrtech.

HYDROGEOLOGICKE POMERY

Plvodné byla hladina podzemni vody zaklesnutd do skalniho pod-
kladu s pomérné znaénym vykyvem v zdvislosti na atmosférickych
srdZkdch. Vlivem vystavby podzemnich prostor pod Vitkovem (kryty
CO s vétracimi systémy a se studnami, které zabezpeCuji chlazeni
a zdsobovani podzemnich prostor, tunel pro pési, Zelezni¢ni tunel pod
Vitkovem, vystavba kanalizace apod.) byly puvodni hydrogeologické
poméry naruSeny. ProtoZe vét§ina podzemnich prostor se nachdzi pod
projektovanou niveletou Zelezni¢nich tunell, je zfejmé, Ze raZeni
Zelezni¢nich tunelt bude probihat nad ustdlenou hladinou podzemni{
vody a pifipadny pfitok vody do tunelu bude zdvisly na atmosféric-
kych srazkdch.

Tunely tvori dva dseky budované v oteviené stavebni jamé, které
jsou spole¢né pro severni i jizni tunel a dva razené dvojkolejné tunely.
Jizni tunel md vjezdovy hloubeny dsek dlouhy 45 m, razeny tunel délky
1250 m a vyjezdovy hloubeny tsek tunelu délky 69.47 m. Severni tunel
ma vjezdovy hloubeny udsek délky 58,1 m, raZzeny tunel délky
1150,6 m a vyjezdovy hloubeny tsek tunelu délky 107,2 m.

NadloZ{ tunelt v celé délce (mimo portély) prumérné dosahuje 40 m.
Nejvyznamnéj$im nadzemnim objektem, dotéenym vystavbou tuneld,
je budova Ndrodniho pamdtniku se zdkladem cca 37 m nad vrcholem
klenby tunelti. Tunely se v podzemi pribliZzuji ke krytaim CO na vzdale-
nost cca 34 m, prechdzeji cca 6 m nad tunelem pro pési, vedenym

Obr. 8 Pohled na vjezdové (zdpadni) portdly tunelu
Fig. 8 A view of the access (western) portals of the tunnels

Prague Fault in the vicinity, passing in the north-south direction, and due
to the Liben Thrust Fault running in Karlin along the bottom of Vitkov
Hill. The excavation of the sections between the portals will cut through
numerous fault zones, indicated in archived and new drill logs.

HYDROGEOLOGICAL CONDITIONS

Originally the ground water table was restricted to the bedrock with
relatively wide range of the levels, depending of precipitation. The ori-
ginal hydrogeological conditions have changed due to the construction
of underground spaces under Vitkov (civil-protection shelters with ven-
tilation systems and wells securing the cooling and supply systems, the
pedestrian tunnel, railway tunnel, sewers etc.). Because a majority of the
underground spaces are found under the alignment of the designed rail-
way tunnels, it is obvious that the railway tunnels will be excavated
under the standing level of the ground water table, and a contingent
inflow into the tunnel will depend on rainfalls.

The tunnels comprise two cut-and-cover sections used for the con-
struction of both the northern and southern tube, and two mined double-
track tunnels. The entrance cut-and-cover section of the southern tunnel
is 45 m long, the mined section is 1250 m long, and the exit cut-and-
cover section is 69.47 m. The northern tunnel tube consists of a 58.1
m long cut-and-cover entrance section, 1150.6 m long mined section and
107.2 m long cut-and-cover exit section.

The overburden of the tunnels reaches an average depth of 40 m along
the whole length. The most important surface structure affected by the
tunnel construction is the building of the National Monument, having its
foundation at a distance of about 37 m above the top of the tunnel
crown. The tunnels get close to underground shelters (about 34 m apart),
pass about 6 m above the pedestrian tunnel leading from Tachovské
Square to Pernerova Street, further about 10 m above a sewer, and about
21 m above a mined collector tunnel operated by PRE (energy distribu-
tion services). Higher attention will be paid to a particular part of the
shelters housing sensitive measurement instruments. There are access
roads designed for rescue units of the integrated rescue system. Above
all, there are areas for deployment of the Fire Rescue Service teams in
front of the portals; the eastern side is equipped with a ramp for this pur-
pose. Dry fire mains are installed in the tunnels, with hydrants in every
other emergency niche allowing intervention by fire-fighting teams.
A system of longitudinal water distribution is interconnected through the
cross passages. This system allows a fire-fighting action to be carried
out from the other tunnel tube. For this purpose, the cross passages bet-
ween the southern and northern tubes are equipped with fire-check
doors. The cross passages also serve for fire ventilation based on the
development of an overpressure in the tunnel containing the fire, thus
extension of the time allowing the escape of persons from the train. Alt-
hough, all of the above-mentioned elements are of a supplementary cha-
racter, with the main system applied by the Czech Railways being the
system indicating a train fire and responding by restriction of the train
entry to the tunnel or removing the train from the tunnel. The tunnel is
equipped with relevant safety marking of all escape ways.

The lining of the mined tunnel (see Fig. 9 and 10) consists of two
shells, the temporary and permanent liners, with intermediate waterpro-
ofing membrane in between along the upper vault structure. The tunnel
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z Tachovského nam. do ul. Pernerové, dile cca 10 m nad kanalizac{ bottom is not provided with waterproofing, even in the sections with the
a v oblasti vyjezdového portdlu cca 21 m nad razenym kolektorem PRE. invert structure.

Zvysend pozornost bude vénovdna &asti krytia CO, ve kterém jsou umis-

tény citlivé méfici piistroje. Tunely jsou ve shodé s novou normou Temporary support consists of sprayed concrete reinforced with
vybaveny pfistupovymi komunikacemi pro integrovany zachranny sbor. mesh, rock bolts, lattice girders and, in sections threatening with the roof
Piedevsim jsou v pfedportdli ndstupni a zdchranné plochy pro hasi¢sky instability, with steel spiles. The application of the individual elements
zachranny sbor CR, vychodni strana je k tomuto Gc¢elu vybavena ram- of the temporary support depends on the particular excavation class. The
pou. Pro zdsah HZS jsou v tunelech pripraveny suchovody a v kazdém excavation classes are used as a basic definition of the support elements
druhém bezpecnostnim vyklenku hydranty. Soustava podélnych veden{ and, because the NATM is based on observation, i.e. measurement and
je prepojena spojovacimi chodbami tak, aby bylo mozné provést zdsah description of processes, those elements are adjusted, with the aim of
i z druhého tunelu. K tomuto tcelu jsou spojovaci chodby mezi jiZznim increasing the construction safety on one hand and, on the other hand,
a severnim tunelem vybaveny protipozarnimi dvermi. Spojovaci chod- with respect to the excavation economy, which can be improved by
by slouzi také k moZnosti pozdrniho vétrani, zaloZzeného na vytvoreni taking the possible advantage of the actually encountered technical and
pretlaku v zasaZeném tunelu, a tim k prodlouZeni doby umoZznujici dnik geological conditions. The temporary lining structure is not part of the
pro cestujici vlaku. VSechny tyto prvky jsou viak podpurné pro zdklad- permanent lining. The factor of time of applicability of the temporary
ni bezpecnostni systém CD reagujici na pozdr ve vlaku a omezujici lining (till the realisation of the permanent lining) is determined to be 6
vjezd vlaku do tunelu, nebo vyvezeni soupravy z tunelu. Tunel je vyba- years.

ven patfiénym bezpecnostnim znacenim vSech dnikovych prostor.

Osténi razeného tunelu (obr. 9 a 10) je dvoupldstové, primdrni a trva- Permanent support consisting of both reinforced and non-reinfor-
1¢ s mezilehlou izola¢nf folif v oblasti horni klenby. Tunel nemad izolaci ced cast-in-situ concrete can be cast without any additional measures
dna ani v tsecich se spodni klenbou. once the rock mass deformation process has settled. Thanks to the

designed drainage/waterproofing layer between the temporary and

Definitivni osténi je tvoreno stifkanym betonem, vyztuZenym ocelo- permanent liners, the hydrostatic head will develop neither during the
vymi sitémi, svorniky, ocelovymi prihradovymi ramendty a v dsecich construction nor during the operation (the capacity of the drainage sys-
ohroZenych nestabilitou pristropi ocelovymi jehlami. PouZiti jednotli- tem is greater by an order of magnitude than the volume determined
vych prvku primérniho osténi je definovano technologickou tfidou vyru- by the investigation). For that reason it was possible to design a mini-
bu. Tfidy vyrubu slouZi jako zdkladni definice vystrojovacich prvku, mal reinforcement.

a protoze NRTM je zaloZena na observaci — pozorovani (méfeni) a popi-
se déju, jsou tyto prvky v pfipadé potieby upravovany tak, aby se zvy- The tunnel excavation is based on the NATM principles. Hard rock
Sila bezpecnost vystavby, ale vyuzily se také skutené zastiZené inZe- at the excavation face will be disintegrated using the drill-and-blast
nyrsko-geologické podminky k ekonomicky provddéné razbé. Kon- technique. Another method of disintegration is virtually impossible,
strukce primdrnfho osténi neni soucdsti trvalého osténi a Casovy faktor both from technical and economic aspects. The contractors for the tun-
pouzitelnosti primdrniho osténi, do doby realizace trvalého osténi, je nelling work, i.e. Metrostav a. s. (the southern tube) and Subterra a. s.
stanoven na 6 let. (the northern tunnel) decided to proceed jointly from the eastern portal,
which will be realised by Metrostav a. s., and which the site facilities

Trvalé osténi tvofené vyztuZenym, nebo nevyztuZenym monolitic- will be erected at. The western portal will be built by Subterra a. s. The
kym betonem bude moZné betonovat bez dopliikovych opatieni po ustd- downhill excavation will be carried out with the face divided horizon-
leni pretvareni horninového masivu. Vzhledem k prijaté koncepci dre- tally. The top heading will be divided only in locations where the worst
ndzné/izolaéni vrstvy mezi do¢asnym a trvalym osténim se pii stavbé conditions will be encountered. The muck will be hauled from the faces
ani pri provozu nepredpokladd vytvoreni hydrostatického tlaku (kapaci- to an intermediate stock pile in front of the exit portal. Subsequently it
ta odvodnovacich drendzi je fadové vy$si, néZ prizkumem zjisténé will be loaded into rail carriages and dumped to a permanent stock pile.
mnozstvi podzemnich vod). Proto bylo mozné navrhnout minimdln{
vyztuzZeni qvalé betonové konftflfkce- ) . , SURVEY OF PRE-CONSTRUCTION CONDITIONS

:F un’ely Jsou ve(vleny M podeIné ose erchu Yltkoya. Smérové je trat In addition to low buildings at sports grounds, there is the National
urovédna protismérnymi oblouky s prechodnicemi. Tunely ve sméru P oG S
zépad vychod (proti sméru razeb) stoupajf ve sklonu 3.3 % Monument on Vitkov Hill with a monument to Jan Zizka found above

pad vy P P4y fee the tunnel route. The structural condition of the building of the Natio-

Razba tunelu je zaloZena na principech NRTM. Rozpojovani pev- nal Monum;nt, Fhat was used in the course of 1Fs‘11fe for various pur-

p . o Sy . p P, poses (starting from a monument during the First Republic, through
nych hornin na celbé bude provadéno pomoci trhacich praci. Jiné roz- ! ) S . ) S e

S P . IV S - L a Wermacht storage during World War II, and a mausoleum after the
pojovéni neni prakticky moZzné ani z technického, ani z ekonomického N o R U ; .

. PR P sy war) and was left more or less without systematic maintenance, is not
hlediska. Dodavatelé razi¢skych praci Metrostav a. s. (jizni tunel) a Sub- . . .
P . o P P good. Despite the fact that the tunnel excavation will not threaten the
terra a. s. (severni tunel) se rozhodli postupovat spole¢né od vychodni- L S . . .
p p . oy AR structural condition of the building, increased attention will be paid to
ho portdlu, ktery vybuduje Metrostav a kde bude umisténo také zarize- > S .
. oy i o ) . v PR the structural elements, wall cladding and individual items of work of
nf staveniSté. Zdpadni portdl vybuduje Subterra. Pfi ipadni razbé bude . . . .
< X . o . S Gn art. There is an equestrian statue of Jan Zizka of Trocnov in front of
Celba c¢lenéna horizontdlné. Pouze v mistech s nejnepfiznivéj$imi pod- o . .

. - < vy - ¥ ) . the building, above a grave of the Unknown Warrior. This statue, one
minkami bude kalota délena. Po odtéZeni a dopravé vyrubané horniny , . .

< . N . P p of the world’s largest equestrian statues, will be thoroughly observed
z Celeb na mezideponii pred vyjezdovym portdlem bude tato, po nalo- . .

PR v . Y p in the framework of the geotechnical measurement program.
Zeni na Zelezni¢ni vozy, uloZena na sklddku.

. - Structural analyses (the author Mr. Vladislav John) were carried
INVENTARIZACE SOUCASNEHO STAVU out in five the most critical profiles of the tunnels, i.e. at km 1.415 (the

Nad trasou tunelu se nachdzi, kromé nizkych budov sportovist, pre- rock pillar at the entrance portal), km 1.600 (under the National
devs§im Ndrodni pamadtnik na vrchu Vitkove se sochou Jana Zizky. Sta- Monument), km 1.950 (in the settlement trough, above the pedestrian
vebné-technicky stav budovy Nérodniho pamaétniku, kterd se za dobu subway where the tunnel cover is the shallowest), km 2.300 (the thin-
své Zivotnosti vyuZivala riznymi zpusoby (od paméatniku za 1. republi- nest rock pillar between the tunnels), and km 2.625 (the rock pillar at
ky, pres sklad wermachtu v dobé 2. svétové vélky a mauzoleum po ni) the exit portal). The mathematical modelling was carried out using

Technologicka tfida / Excavation Class 3. 4a. 4ab. 5a.

SiFka vyrubu / Excavation width (m) 12,50 12,60 12,60 12,70

Vyska vyrubu / Excavation height (m) 9,40 9,45 10,25 10,35

Plocha vyrubu / Excavated cross-section area (m?) 97,10 98,70 107,75 108,73

Plocha svétlého tunelového prifezu / Tunnel net profile area (m?) 73,60

Tab. 1 Zdkladni parametry tunelii
Table 1 Basic parameters of the tunnels
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Obr. 9 Pri¢ny ez dvoukolejnym tunelem
Fig. 9 Cross section through the double-track tunnel

a vice méné se systematicky neudrZovala, neni nejlep$i. PrestoZe razba
tuneltl neohrozf statickou funkci budovy, bude zvySend pozornost véno-
véna predev§im nosnym prvkam, obkladim stén a uméleckym dilam.
Pred budovou, nad hrobem nezndamého vojina, je umisténa jezdeckd
socha Jana Zizky z Trocnova. Tato socha, jedna z nejvétsich jezdeckych
na svéte, bude v souboru geotechnickych méfeni podrobné sledovana.

Statické vypocty (autor ing. Vladislav John) byly provedeny v péti
nejkriti¢téjSich profilech tunelt v km 1,415 — horninovy pilif vjezdové-
ho portdlu, v km 1,600 pod Narodnim pamatnikem, v km 1,950
2,300 s minimdlni tlouStkou horninového pilife a v km 2,625 — hornino-
vy pilif vyjezdového portédlu. Bylo provedeno matematické modelovan{
programem RIB metodou kone&nych prvku. Rovinné modely respektu-
ji geologické poméry zjisténé prizkumem a postup vystavby jednotli-
vych tunelovych trub.

Jednim z nejduleZitéjSich vysledku statickych vypoctd je i predpoklad
o poklesech na povrchu. Po prechodu razeb se vertikdlni pohyby ustalf
a asi do 6 mésict ustanou. Dosah poklest je pfi jednom tunelu cca
55 m od osy. Maximélni pokles v ose tunelu se predpoklddd 12 mm.

z inflexnich bodu protinaji budovu uhlopfi¢né. Poloha inflexnich boda
mad zdsadni vliv na droven poSkozeni objektu nachdzejicich se na roz-
hrani tazené a tlaCené oblasti. I kdyZ je sklon svahu poklesové kotliny
cca 1: 2500 a nenf kriticky (ten za¢ind az od 1: 800), doporucuje se razit
oba tunely v minimdlnim odstupu anebo pred kritickym profilem najed-
nou. V pripadé raZeb obou tuneli se poklesovéd kotlina ,roztdhne
a ,,vnitini“ inflexni body se nevytvdreji. Celkovd $itka poklesové kotli-
ny tak bude ¢init priblizné 160 m a maximaélni pokles dosdhne hodnoty
13 mm. Sledovéni vyvoje kotlin a kontrola stavu Pamdtniku budou jed-
nou z nejduleZitéjsich souddsti vystavby. V souvislosti s vystavbou tune-
1t jsou ddle provddéna podrobné geotechnickd méfeni pro kontrolu sta-
bility vyrubu a ovéfeni predpokladu chovéni horninového masivu: kon-
vergencni, extenzometrickd a inklinometrickd méfeni, méfeni deforma-
c¢f hlavnich nosnych konstrukci a vzdjemnych posunt jednotlivych
jejich asti (definitivni osténi, portdlové objekty, dilatacni celky apod.),
méfeni deformaci povrchu terénu pro stanoveni rozsahu, tvaru a veli-
kosti poklesové kotliny, méfeni i¢inku tunelovéni na stavby, inZenyrské
sité a jiné objekty v nadloZi a méfeni iinku trhacich praci.

V celé trase jsou mimo vySe uvedend dominantni inZenyrskd dila
navrzeny dals$i mostni objekty, fady opérnych a zdrubnich zdi, podcho-
dy pro pési, pozemni objekt (provozni budova), nové trakéni vedeni,
zabezpeCovaci a sdélovaci zafizeni, silnoproudé rozvody, automaticky
systém délkového fizeni a v neposledni fadé zafizeni pro bezpeény pru-
jezd vlakovych souprav tunely i pro rychlou evakuaci osob z tunelu
v pripadé mimorddné uddlosti.

ZAVER

Vystavba pristupovych komunikaci a zdi pred vychodnim portdlem
byla zahdjena v fijnu 2004, predpoklddany zalétek razeb jizniho tunelu
je brezen 2005, severniho tunelu kvéten 2005, ukondeni razeb v zar{
2006 a dokongeni vSech tunelovych objekta v poloviné roku 2007.

ING. MICHAL GRAMBLICKA, ING. IVAN POMYKACEK,
ING. LENKA PIKHARTOVA, ING. PETR SENK,
ING. RADEK BROKL, SUDOP Praha, a. s.

Obr. 10 Pri¢ny Fez tunelem v misté bezpeénostnich vyklenku
Fig. 10 Cross section through the tunnel in an emergency niche location

the RIB program, by the Finite Element Method. Planar models res-
pect the geological conditions determined by the investigation and the
process of construction of the individual tunnel tubes.

One of the most important results of the structural analyses is also
an assumption regarding the ground surface settlement. Vertical move-
ments will stabilise when the excavation face has passed, and, after
approximately 6 months they will cease. In case of a single tunnel
tube, the settlement effects reach about 55 m from the centre line.
Maximum anticipated subsidence value on the centre line of the tun-
nel amounts to 12 mm. The tunnel lines cross under the National
Monument in an unfavourable manner, with the “internal” points of
inflexion cutting the building diagonally. The position of the points of
inflexion affects principally the degree of damage to the buildings
found on the interface of tensioned and stressed areas. Despite the fact
that the values of the differential settlement amounting approximately
1 : 2500 is not critical (critical values start from 1 : 800), the excava-
tion of the two tunnels is recommended to stagger minimally or, with
the faces side by side before a critical profile. In the case of excavati-
on of both tunnels, the settlement trough extends, and the “internal”
points of inflexion do not originate. The overall width of the settle-
ment trough will thus amount approximately to 160 m, and the maxi-
mum subsidence will achieve 13 mm. The monitoring of the develop-
ment of the troughs, and checking of the condition of the Monument
will be one of the most important parts of the construction. In context
of the tunnel construction, the following detailed geotechnical measu-
rements are carried out for checking of the excavation stability and
verification of the assumptions of the rock mass behaviour: conver-
gence, extensometer and inclinometric measurements, measurements
of deformation of main structural elements and mutual displacement
of their parts (final lining, portal structures, pouring blocks, etc.), mea-
surements of ground surface settlement for determination of the
extent, shape and size of the settlement trough, measurement of the
effect of the tunnelling operations on buildings, utility networks and
other structures found in the overburden, and measurements of the
effects of blasting.

In addition to the above-mentioned dominant civil engineering
works, there are other structures designed along the overall route, i.e.
bridges, retaining and revetment walls, pedestrian subways, a subsur-
face structure of the service building, a new electric-catenary system,
interlocking and communications equipment, heavy current distributi-
on system, automatic remote control system, and, at last but not least,
equipment securing safe passage of train sets through the tunnels and
fast evacuation of persons from the tunnel in emergency cases.

CONCLUSION

The construction of the access roads and walls in front of the eas-
tern portal commenced in October 2004, the expected start of the
southern tunnel and northern tunnel excavation is March 2005 and
May 2005, respectively, the end of the excavation is scheduled for
September 2006, and completion of all tunnel structures for mid-
2007.

ING. MICHAL GRAMBLICKA, ING. IVAN POMYKACEK,
ING. LENKA PIKHARTOVA, ING. PETR SENK,
ING. RADEK BROKL, SUDOP Praha, a. s.
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TUNEL VALIK - KLIC K DALNICNIMU OBCHVATU PLZNE

VALIK TUNNEL - THE KEY TO THE MOTORWAY
BY-PASS OF PILSEN

JIRI SVOBODA
VACLAV SVARC

uvob

Dopravu a Zivotni prostredi v krajském mést€ Plzni v plzenském regio-
nu komplikuje tranzit mnoha motorovych vozidel, nebot’ zatim neni kom-
pletni ddlnice D5 z Prahy do Rozvadova. Zbyva dokoncit posledni tsek
délni¢niho obchvatu Plzné v délce cca 4,7 km v oblasti obci Radobicice,
Sténovice a Utugice, jehoz dominantnim tsekem je tunel raZeny pod
vrchem Valik.

Délni¢ni obchvat Plzné byl stiedem pozornosti odborné i laické verej-
nosti na konci minulého stoleti a zstava jim i na za¢atku nového. Strety
ndzora technickych odbornika a ekologickych aktivistu provézely celou
dobu pripravy stavby obchvatu a velmi podstatné ji prodlouzily. Kone¢né
technické feseni obchvatu a tunelu Valik je vyrazné ovlivnéno pozadavky
orgdnt sttni spravy, mistni samospréavy a ekologickych aktivista.

ZAKLADNI INFORMACE

Tunel Valik je ddlni¢n{ tunel se dvéma tunelovymi troubami, kazdd se
dvéma jizdnimi pruhy $iiky 3,75 m a jednim nouzovym pruhem $iiky
3,25 m v kazdém dopravnim sméru (kategorie T11,5 m ve smyslu CSN
73 7507). Kategorie byla zadéna specialisty silni¢nich staveb, kteff nechté-
li z davodd bezpecnosti dopravy zuZovat prijezdny profil na pomérné
kratkém tunelovém tseku.

Severni tunelova trouba je dlouha 390 m, jizni tunelova trouba je dlou-
hé 380 m. Vyska prujezdného profilu nad jizdnim pruhem je 4,8 m (upro-
stied pro dopravu mimofédn}'lch ndkladu je gabarit Vysok}’/ 52 m).

Soucisti tunelu je provozné technicky objekt umistény pifmo u jednoho
z portdlli a dpravy stavajiciho ddlniéniho fidiciho stiediska Policie CR ve
Svojkovicich (cca 25 km od vlastniho tunelu).

INZENYRSKO-GEOLOGICKE POMERY LOKALITY

Vrch Valik nedaleko obce Sténovice, ve kterém je situovan budouci
tunel Valik, je pokryt svahovymi kvartérnimi sedimenty mocnosti cca
0,5 — 2 m. Pod vrstvou humdzni hliny jsou piscité Stérky, misty jilovité
s ostrohrannymi tlomky silné zvétralych porfyra a spilitu. Vlastni razba
probihd v slabé metamorfovanych proterozoickych bridlicich.

Bridlice jsou zvétralé az silné zvétralé. Silné zvétrdni se pohybuje
v hloubkdch od 3 m aZ do hloubky cca 20 m po celé délce budouciho

INTRODUCTION

Traffic and environment in the regional centre Pilsen and the Pilsen region
itself, are complicated by the transit of many road vehicles because the D5
motorway has not been completed yet. The last section of the Pilsen by-pass
road remains to be finished. The dominating section of this 4.7 km long route,
pdbsmg through an area of Radobitice, Sténovice and Utugice municipalities,
is a tunnel driven under Valik Hill.

The Pilsen bypass road came into the limelight at the end of the previous
century, and both the professional and lay public have kept following it till the
beginning of the new century. Ideological clashes between technical professi-
onals and environmental activists were a phenomenon attending the construc-
tion for the whole period of preparation of the bypass construction, which they
extended significantly. The final design of the bypass road and the Valik tunnel
was substantially affected by decisions made by governmental agencies, local
authorities, and environmental activists.

BASIC INFORMATION

The Valik tunnel is a twin-tube, dual carriageway motorway tunnel. Each
tunnel tube contains two traffic lanes 3.75 m wide, and one emergency lane
3.25 m wide (T11.5 category according to the standard CSN 73 7507). The
road category was designed by road construction specialists, who, for safety
reasons, did not wish to reduce the width of the clearance profile along the rela-
tively short tunnel section.

The northern tunnel tube is 390 m long, the southern tube’s length amounts
to 380 m. The clearance height above the traffic lane is of 4.8 m (at the centre
of the tunnel, the traffic clearance height extends to 5.2 m to allow transport of
extraordinary loads).

A service building located just next to one of the tunnel portals, as well as
reconstruction of the existing highway traffic control centre of the Police of the
CR in Svojkovice (a municipality found about 25 km from the tunnel) are part
of the tunnel construction.

ENGINEERING-GEOLOGICAL CONDITION OF THE SITE

Valik Hill, which the tunnel Valik will pass through, is found near the
Sténovice mun1c1pahty The hill is covered with Quaternary colluvial depo-
sits about 0.5 — 2.0 m thick. A layer of humic loam lies on sandy gravels,
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Obr. 1 Podélny geologicky profil — jizni tunel
Fig. 1 Geological longitudinal section — southern tunnel tube
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tunelu. Tektonické postizeni je silné, bridlice jsou rozpukané, misty
intenzivné (Ctyfi a vice puklinovych systému). Zdravé, nezvétralé bridli-
ce nebyly zjistény.

Silné rozpukéni minimdlné ve tfech smérech, vypli puklin limonitem
a jilovymi minerély, spolu s navétranim az zvétranim porfyru jsou velice
vhodnym prostiedim pro tvorbu vétSich nezavinénych nadvyloma.

Ze zkuSenosti s predstihovou razbou prazkumné Stoly lze predpokladat
tvoreni nadvylomu v tomto typu horniny od 0 % do 10 % plochy vyrubu.
Po délce tunelu se nachdzeji minimélné dvé tektonickd pasma, kterd maji
oproti okolni horniné hor$i mechanické a stabilitn{ vlastnosti a jesté vyraz-
néjsi tendenci k tvofeni nadvylomu.

CELKOVE ZHODNOCENI HORNINOVEHO PROSTREDI

Meélké umisténi tunelu (nadloZi cca 5 — 12 m) je z geotechnického hle-
diska velmi nevyhodné (lokalizace v navétralych a zvétralych ¢astech hor-
ninového masivu, zhorSené hydrogeologické poméry, komplikovany kon-
struk&ni systém primérniho vyztuZovéni) a vyZaduje pro zajisténi bezpec-
nosti prce, optimalizaci provizorniho osténi a technologie provadéni, per-
fektni znalosti o horninovém prostiedi. Proto byl realizovan podrobny geo-
logicky prizkum pomocf razené prazkumné Stoly. Ostén{ Stoly bylo navr-
Zeno asi uprostied budouciho stfedového tunelu a separovéno tak od oste-
ni budoucich tunelovych trub.

Z hlediska normy CSN 73 1001 Zékladova puda pod plo$nymi zdklady
je razba provadéna v horninach R4 s pevnosti 5 — 15 MPa a v hornindch
R3 s pevnosti 15 — 50 MPa. Hornina je vak tektonicky porusend a znaéné
rozpukand, coZ zpusobuje nestabilitu nezajisténého vyrubu.

Z hlediska tunelovéni je horninové prostredi zatridéno do tfidy NRTM
5a v celé délce obou tunelovych trub na zdkladé posudku RNDr. O. Tesa-
fe, experta objednatele. Tomuto zatfidéni odpovidaji strukturni vlastnosti
hornin (puklinatost, velikost horninovych kusu, pevnostni vlastnosti hornin
apod.). Hodnoty RQD dosahuji velikosti 25 %, hodnoceni RMR je pre-
vazné 20 — 25 bodu, hodnoty QTS jsou v pasmu 32 — 39 boda.

Vzhledem k obtizné geologické situaci byl po dohodé s objednatelem
navrzen novy zpusob zpracovéani a zhodnocovani vysledku statickych
vypoltl s cilem optimalizovat technické feseni postupu vystavby, zejména
primarniho osténi. Statické vypolty se realizuji ve spoluprdci s prof.
Aldorfem z Technické univerzity v Ostravé, jejich kontrolu provadi prof.
Bartdk z Fakulty stavebni CVUT v Praze, ktery j Je nezavislym specialistou
Reditelstvi silnic a ddlnic CR. Statické vypocty jsou neustdle optlmallzo—
vany dle geologického sledu a komplexu observacnich méfeni na primar-
nim osténi jednotlivych dil¢ich vyrubu.

KONSTRUKCE TUNELOVEHO PROSTORU

Obé tunelové trouby jsou tésne vedle sebe bez stredniho horninového
pilife a maji spoleény stfedovy Zelezobetonovy pilif. Toto feSeni bylo
zvoleno s ohledem na poZadavek ekologli minimalizovat trvalé zdbory
pozemku v pifportdlovych tsecich délnice. Minimalizace zdsahu do kra-
jiny byla nezbytné nutnou podminkou pro ziskani{ stavebniho povoleni.

Vlastni technické feSeni primérnich tunelovych konstrukei je pfi této
tpravé podstatné slozitéj$i neZ u dvojice ddlni¢nich tunelovych trub
s mezilehlym horninovym pilifem. Vzhledem k velikosti profilu tunelu
(2 x150 m?2 plochy vyrubu t€sné vedle sebe), byl nutny podrobny pru-
zkum horninového masivu. Vysledky podrobného pruzkumu realizo-
vaného prazkumnou Stolou byly zahrnuty do nové upraveného techno-
logického postupu vystavby.

TECHNOLOGIE VYSTAVBY TUNELU

Vystavba tunelu Valik se provadi Novou rakouskou tunelovaci metodou.
Postup vystavby tunelu vychdzi ze zdsady, Ze nejprve bude vybudovano
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Obr. 3 Pri¢ny Fez stiednim tunelem se Zelezobetonovym strednim pilifrem
Obr. 3 Cross section of the central tunnel with the reinforced concrete pillar

locally clayey sands with sharp-edged cuttings of heavily weathered porphy-
ry and spilites. The excavation proper is carried out in weakly metamorpho-
sed Proterozoic schists.

The schists are weathered to heavily weathered. The heavy weathering
occurs along the entire length of the tunnel alignment, at depths from 3 m to
about 20 m. The rock mass is badly faulted, schists are fractured, locally inten-
sively (four and more joint sets). Compact schist was not encountered.

Intensive jointing minimally in three directions, limonite and clayey mine-
ral filling of joints, together with the slightly weathered to weathered character
porphyry, these are the conditions forming an environment prone to the occur-
rence of larger accidental overbreaks.

Based on experience from the excavation of the exploration gallery, we can
expect the occurrence of overbreaks in the given rock type, ranging from 0 %
to 10 % of the excavated cross section area. There are at least two faulted zones
along the tunnel route, having worse mechanical and stability properties com-
pared with the surrounding rock, being more prone to failure.

OVERALL ASSESSMENT OF THE ROCK ENVIRONMENT

The shallow depth of the tunnel (overburden about 5 — 12 m) is highly dis-
advantageous from the geological aspect (passing through slightly weathered
to weathered parts of the rock mass, worse hydrogeological conditions, a com-
plicated structural system of the primary support). The task of securing wor-
king safety requires optimisation of the primary support and excavation tech-
nique, and perfect knowledge of the rock environment. A detailed geological
survey was organised for that reason, through a mined exploration gallery. The
lining of the gallery was placed by the designer approximately to the centre of
the central tunnel tube cross section, thus it was separated from the lining of
the tunnel tubes to be constructed in the future.

With reference to the standard CSN 73 1001 “Foundation Ground under Flat
Foundation”, the excavation is carried out in rock classified as R4 and R3, with
a strength of 5 — 15 MPa and 15 — 50 MPa, respectively. The rock is, however,
faulted and intensively jointed. This condition causes instability of the excava-
tion if left unsupported.

In tunnelling terms, the rock environment is classified as NATM 5a along the
entire length of both tunnel tubes (the classification is based on an analysis by
the owner’s expert RNDr. O. Tesar). This classification corresponds to the struc-
tural properties of the rock mass (the jointing, size of rock blocks, strength pro-
perties of the rock, etc.). The RQD values achieve 25 %, the RMR assessment
mostly ranges from 20 to 25 points, the QTS values vary within 32 — 39 points.

Because of the difficult geological situation, a new method of processing
and interpretation of results of structural analyses was proposed and appro-
ved by the owner, with the aim of optimising the technical solution of the
construction process, above all the process of the support installation. Struc-
tural analyses are carried out in co-operation with Prof. Aldorf from the Tech-
nical University in Ostrava, their checking is carried out by Prof. Bartdk from
the faculty of civil engineering at the Czgch Technical University in Prague,
who is an independent specialist of the RSD CR (Directorate of Roads and
Motorways of the CR). The structural analyses have been continuously opti-
mised according to the results of geological observation and a set of obser-
vation measurements of the primary lining of individual partial openings.

TUNNEL STRUCTURE DESIGN

Both tunnel tubes touch each other, without any central rock pillar in bet-
ween, sharing a central reinforced concrete pillar. This design was chosen
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primérni ostén{ celého tunelu (véetné stredniho pilite) a ndsledné, po pro-
vedeni neuzaviené mezilehlé izolace (systém ,,destnik*), se provede sekun-
darn{ (definitivni) osténi. Zdkladni ¢lenéni vyrubu je vertikdlni. V mensim
rozsahu je navrZeno horizontdln{ ¢lenéni dil¢ich vyrubu. Primérn{ osténi je
ze stifkaného betonu vyztuZeného pithradovymi oblouky s mfiZovinou
a kotvenim. Vnitini definitivni obezdivka je monolitickd Zelezobetonova,
provadénd do posuvného ocelového bednéni. Neuzaviend izolace proti
vodé je svedena do bo¢nich odvodriovacich drendzi v po¢vé tunelu, a to
pro kazdou tunelovou troubu samostatné. Technologicky a staticky nejslo-
Zit€j8i konstrukef je Zelezobetonovy stredni pilif mezi tunely, kter}’/ prendsi
celé zatiZzeni horninového masivu. Pro jeho realizaci se vyuziva stfedovy
tunel, ktery byl vyraZen jako prvni. Cast horninového prostiedi v oblasti
nad i pod stfednim pilitem je zesilena kotvami, mikropilotami a sledovéna
kontrolni cementovou injektazi.

Soucasti fizeni razby je observa¢ni metoda a ,,Zivy* model geotechnic-
kého monitoringu, ktery zajistiije organizace nezavisld na zhotoviteli dila.

ZARIZENI STAVENISTE PRO VYSTAVBU TUNELU

Pro budovéni tunelu bylo nutné ziidit zafizen{ stavenisté u obou portald.
Zapadm portdl, a tim i zafizen{ staveniSté, se nachdzi v nejvys31m ochran-
ném pasmu jediného vodniho zdroje mésta Plzné, ktelym je feka Uhlava.
Proto zde musela byt vénovéana velkd pozornost péci o Zivotni prostredi.
Veskeré plochy zafizeni staveni§té jsou zpevnény a odvodnény do vodo-
t&sné stavebni jimky o objemu cca 200 m3. Destové a dalni vody jsou
odvadény k ekologické likvidaci do Eistirny odpadnich vod v Plzni.
U vychodniho portdlu jsou tyto vody precerpany cca 900 m daleko do
zprovoznéné ddlni¢ni kanalizace.

POSTUP RAZBY TUNELOVYCH TRUB

Projekt predpoklddd razbu severni i jizni tunelové trouby dovrchné od
provizorniho rozvadovského portdlu. Razba obou tunelovych trub muze
postupovat s odstupem min. 10 m a max. 30 m. PoZadavkem projektanta
je, aby razba pokud mozno postupovala symetricky k ose délnice, tj. razba
boc¢niho tunelu severni tunelové trouby (STT) a jizni tunelové trouby (JTT)
ndsledné razba kaloty, jadra a dna STT a JTT. Vzhledem k symetrii STT
a JTT nenf podstatné, kterd trouba je raZena jako prvni.

U obou portdla je v piedstihu provedena sanace horninového prostredi
pomoci injektovanych mikropilot & 114/6,3 mm délky 18 m. Mikropiloty jsou
ve dvou faddch nad klenbou budouciho tunelu, éasteéné v jedné radé nad vlast-
nim stfednim tunelem. V pripadé nutnosti je mozné realizovat i ochranny dest-
nik z mikropilot v prabéhu vlastni razby z ,kaplicek* systémem BOODEX.

Razba bocniho tunelu predbihd razbu kaloty o cca 20 — 25 m. Je zde
horizontdlni ¢lenéni na razbu kaloty bo¢niho tunelu a lavici se dnem. V pii-
padé nepriznivych podminek ¢i technologické potieby je mozno razit dno
samostatné (piihradové vyztuz to umoznuje). Stredni pilit musi byt vybe-
tonovan minimélné 40 m od Celby a musi mit zaru¢ené pevnosti betonu
v tlaku. Stabilita Celby (i dil¢ich vyrubu) je zajiStovdna svorniky tvoreny-
mi sklolamindtovym ty¢ovym prvkem & cca 20 mm a stifkanym betonem.

Razba je provddéna prevazné s pouZitim beztrhavinového rozpojovéni
hornin, vyjime¢né s omezenym pouZitim trhavin. Dil¢{ vyruby jsou navr-
Zeny tak, aby bylo moZné pouZit vykonné dulni mechanismy.

RAZBA STREDNIHO OPEROVEHO TUNELU

Jako prvni razené dilo (prvni dil¢i vyrub) bylo provedeno postupné
vybudovdni primédrniho osténf stfedniho tunelu. Primdrni ostén{ je navr-
Zeno ze stifkaného betonu C20/25-X0 v tl. 250 mm, vyztuZzené oblouky
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with respect to a requirement of environmental groups for minimisation of the
plan areas of permanent works in the pre-portal sections of the motorway.

The minimisation of changes to the landscape was a prerequisite for the
issuance of the building permit.

At this configuration, the technical solution of the primary tunnel structu-
res is much more difficult than in the case of two tunnel tubes with an inter-
mediate rock pillar. Because of the size of the tunnel profile (2 x 150 m?2
excavated cross-section areas, which are touching each other), a detailed
geological survey was necessary. The results of the detailed survey, realised
through the exploration gallery, were incorporated into the new modified
technological procedure for the construction.

TUNNELLING METHOD

The New Austrian Tunnelling Method is utilised for the Valik tunnel con-
struction. The tunnel construction procedure is based on the principle that the
primary lining is built first, around the complete cross section of the tunnel
tube, i.e. including the central pillar. The secondary (final) lining is cast sub-
sequently, after the installation of the unclosed intermediate waterproofing
system (an “umbrella” system). A vertical sequence of the headings is the
main excavation sequence. To a lesser extent, horizontal sequencing of parti-
al headings is also designed. The primary lining consists of sprayed concrete
reinforced with lattice girders, welded mesh and anchors. The final inner
lining is from reinforced concrete poured behind a steel travelling formwork.
The water intercepted by the unclosed waterproofing system is collected in
separate side drains at the tunnel bottom, one for each tunnel tube.

The most complex structure in technological and structural (structural ana-
lysis) terms is the central reinforced concrete pillar between the tunnel tubes.
This pillar carries the entire weight of the rock mass. The pillar is constructed
in the central tunnel, which was the first driven. The part of the rock mass
found in the area above and under the central pillar is reinforced by anchors
and micropiles (grouted casing pipes), and checked by control grouting.

The observation method and the in-line geotechnical monitoring, provi-
ded by an organisation independent of the contractor, are part of the exca-
vation control system.

TUNNEL CONSTRUCTION SITE FACILITIES

Construction site facilities had to be erected at both portals. The western
portal, thus also the site facility, is found in a zone with the highest degree
of protection of a water resource, the only resource of the city of Pilsen, the
Uhlava River. Therefore great attention had to be paid to the environmental
management system All areas used for the site facilities are paved and dra-
ined into a 200 m® watertight sump. Rain water and mine water is diverted
for environmentally friendly liquidation to a sewage treatment plant in Pil-
sen. Regarding the eastern portal, the water is pumped to a distance of
roughly 900 m, to a highway drain placed recently into service.

EXCAVATION OF TUNNEL TUBES

An uphill excavation is designed for the northern and southern tunnel
tube, starting from the temporary portal Rozvadov. The excavation of the
two tubes can advance with the faces staggered at a minimum of 10 m and
a maximum of 30 m. Designer’s requirement is that, if possible, the exca-
vation proceeds symmetrically to the highway centre line, i.e. the excava-
tion of the sidewall drift in the northern tunnel tube (NTT) and southern tun-
nel tube (STT) is to be followed by the top heading, bench and invert exca-
vation in the NTT and STT. Because of the symmetry of the NTT and STT,
it is not important which tube excavation is at the front.

The rock mass at both portals is being improved ahead of the excavati-
on work proper, by means of 18m long grouted pre-support tubes
& 114/6,3 mm. The pre-support tubes are installed in two tiers above the
tunnel crown, and partly in a single tier above the central tunnel. If neces-
sary, the canopy tube pre-support can be installed in the course of the
excavation proper, from recesses, using the BOODEX system.

The sidewall drift excavation is carried out at a 20 — 25 m advance ahead
of the top heading. A horizontal sequence is used in the sidewall drift exca-
vation, i.e. top heading and bench with invert. In the case of unfavourable
conditions or a technological need, the invert can be excavated separately
(the design of lattice girders allows this). The central pillar must be cast at
a distance of 40m from the face as a minimum (the compressive strength of
concrete must be warranted). The stability of the face (as well as stability of
partial faces) is secured by rock bolts consisting of fibreglass rods
& 20 mm, and sprayed concrete.

Excavation without application of explosives prevails, limited charges are
used in exceptional cases of application of drill-and-blast. Partial faces are
designed in a manner allowing utilisation of mining equipment.

EXCAVATION OF THE CENTRAL “ABUTMENT” TUNNEL

The sequential excavation of the central tunnel and erection of primary
lining was the first work done. The primary lining design consisted of
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BRETEX BTX 112-25 a doplnéné dal$imi vyztuznymi prvky (jehly,
kotvy). Bylo navrZeno vertikdlni ¢lenéni vyrubu pro kalotu, jadro a dno;
dno se dobira nasledné najednou vzdy po cca 8 — 10 zabérech.

Primérn{ obezdivka a postup razby byly navrzeny na zdkladé vysledku
ziskanych pii razbé prazkumné $toly. Strukturni vlastnosti horninového
masivu (puklinatost, velikost horninovych kusu) a fyzikdlné-mechanické
vlastnosti hornin determinovaly zarazeni razby do technologické tridy
NRTM Sa.

Razba byla provddéna dovrchné z rozvadovského portalu. U obou por-
tlt byla provedena v predstihu sanace horninového prostedi pomoci mik-
ropilot. Osténi prizkumné §toly, kterd byla vedena v profilu stredniho opé-
rového tunelu, nebylo v kontaktu s osténim stfedniho tunelu, a tak pri vlast-
ni razbé tunelu fungovalo jako ,,velkd kotva“, kterd velmi dobre zajistova-
la stabilitu Celby. Prakticky nebylo nutné pouZivat na elbé mimo stitkany
beton dals{ zajistovaci prvky. Po prvnich metrech razby bylo na zakladé
vysledki GTM rozhodnuto razit celou kalotu stiedniho tunelu najednou.
Pfi pouziti beztrhavinového rozpojovani byly nezavinéné nadvylomy ve
stfednim tunelu men3{ neZ pri razbé prizkumné Stoly. Dobfe umisténd pru-
zkumnd Stola ve vztahu k pfi¢nému profilu tunelu velikosti cca 50 m?2
umoznila velmi rychlou a bezpe¢nou razbu stfedniho tunelu, kterd probe-
hla za cca 3,5 mésice.

SANACE HORNINOVEHO PROSTREDI, BETONAZ STREDNIHO PILIRE

Staticky vypocet byl proveden metodou konednych prvku s vyuZitim
programu PLAXIS. Podrobné bylo posouzeno zatiZeni a stabilita nos-
ného pilife ve stfednim tunelu. Konstrukce stfedniho pilife mezi budou-
cimi tunely je vypoétové modelovana jako monolitickd Zelezobetonova
konstrukce z betonu C20/25. Pilif vyhovuje statickému zatiZen{ od celé
vysky nadlozi. Vzniklé napéti pri Sitce pilite 1,236 m je 11,6 MPa. Svis-
1y pokles dosahuje max. velikosti 8 — 10 mm a je vyrazné omezovan
aplikaci mikropilotovych kotev v podzdkladi (jsou navrZeny a provede-
ny pouze ve vybranych usecich). Uvedené hodnoty posunu neovliviiuji
progresivni r0zvoj porusovani masivu nad a pod stfednim pilitem.

V predstihu, v oblasti rozvadovského portdlu, byly provedeny zku-
Sebnfi injektdZe podzédkladi pomoci mikrocementu, cementu a pryskyfi-
ce PUR. Tyto zkousky byly netispé§né. Geologické prostiedi je praktic-
ky neinjektovatelné (sanované horninové prostredi bylo po zkuSebnich
injektazich ndsledné odtéZeno a vysledky zdokumentovény). Proto byla
sanace horninového prostredi realizovdna v omezeném rozsahu pomoci
mikropilot. Ve dné jsou mikropiloty rozmistény Sachovnicové, fady jsou
vzddleny od sebe 1 m, kazdd fada obsahuje 3 nebo 4 kusy mikropilot.
Déle probehla sanace nadlozi stfedniho pilife pomoci kotev IBO R25
délky 6 m. Rozmisténi kotev bylo obdobné jako u sanace dna (Sachov-
nicové). Rady jsou vzddleny od sebe 1 m a kazdd fada md 3 nebo
4 kotvy.

Stredovy pilif ma vysku 7,40 m, $itku v horni ¢dsti 3,58 m a v dolni ¢asti
3,00 m. Ve stiedni &dsti je pilif symetricky zidZzen kruhovym obloukem
o poloméru R = 6,0 m na $itku 1,236 m. Tvar pilife sleduje budouci tvar
primarni obezdivky obou tunelovych trub. Horni ¢dst md pri strandch
vybrani pro ukotveni primdrniho osténi, v dolni ¢asti jsou boéni hrany
upraveny skosenim pro opfeni do Zelezobetonovych patek.

V podélném sméru je stfedni pilif rozdélen na celky délky 10 m (u por-
tdlt 5 m), délici spary jsou svislé, bez zazubeni. UmoZnuji ,,malé* pooto-
Cen{ jednotlivych bloku proti sobé. V pilifi jsou vyklenky pro &isténi dre-
néaze a propojka.

Pilif je provadén ze samozhutnitelného betonu (SSC) C20/25-XF1.

Obr. 5 Priprava bednéni pro betond? stredniho pilire ve stiednim tunelu
Fig. 5 Preparation of the shuttering for the central pillar casting in the
central tunnel tube

Obr. 6 Detail bednéni a vyztuZe stiedniho pilire
Fig. 6 Shuttering and reinforcement of the central pillar

a 250 mm thick shotcrete layer, using C20/25-X concrete, BRETEX BTX 112-
25 lattice girders, and other support elements (spiles, anchors). A vertical exca-
vation sequence was applied, i.e. top heading, bench and invert; the invert was
excavated subsequently, in blocks, after completion of 8-10 rounds of the
bench excavation.

The primary support and excavation advance were designed on the basis of
results obtained in the course of the excavation of the exploration gallery.
Structural properties of the rock mass (jointing, size of rock blocks) and the
physically mechanical properties of the rock determined the categorisation of
the excavation as the NATM class 5a.

The excavation proceeded uphill from the Rozvadov portal. The lining of
the exploration gallery, which had been excavated within the cross section of
the central abutment tunnel, was not in contact with the lining of the central
tunnel. Thus it acted as a “large bolt” securing excellently the face stability. It
was virtually unnecessary to use any support elements but sprayed concrete.
After initial metres of the excavation, a decision was made, based on the GTM
results, to excavate the entire top heading of the central tunnel at one pass. The
extent of accidental overbreaks occurring during the excavation without appli-
cation of explosives was smaller than that experienced in the exploration gal-
lery excavation. The proper position of the exploration gallery within the 50 m2
cross section of the tunnel made very fast and safe excavation of the central
tunnel possible, within a period of approximately 3.5 months.

IMPROVEMENT OF THE ROCK ENVIRONMENT;
CASTING OF THE CENTRAL PILLAR

The structural analysis was carried out using the Finite Element Method, the
PLAXIS program. The pillar in the central tunnel was assessed in terms of the
loads and stability. The structure of the pillar between the tunnels is modelled
for the computation purposes as a reinforced concrete slab from C20/25 conc-
rete. The pillar withstands the static load of the overburden. At the pillar width
of 1.236 m, the induced stress amounts to 11.6 MPa. The vertical subsidence
reaches 8 — 10 mm as a maximum. It is restricted significantly by the applica-
tion of micropiles (acting also as anchors) at the sub-base (designed and exe-
cuted only in selected sections). The above-mentioned subsidence values have
no relation with the progressive development of the rock mass deterioration
above the central pillar.

Trial grouting of the tunnel sub-base was carried out in advance, in the Roz-
vadov portal area, using cement, microfine cement and PUR resin. The attemp-
ts to improve the rock by grouting failed. The geological environment is practi-
cally ungroutable (the rock mass treated by grouting was excavated and the
results of the grouting documented). For that reason the rock mass improvement




Obr. 7 Razba z rozvadovského portilu
Fig. 7 Excavation from the Rozvadov portal

RIZENI STAVBY, GEOTECHNICKY MONITORING (GTM)

Stavba je provddéna podle principu observa¢ni metody, pii niZ se puvodni
(zékladni) ndvrh konstrukce prab€Zné posuzuje a muZe se ménit i v prabéhu
vystavy. Jsou navrzena zdkladni konstrukéni feSeni véetné rozsahu sanaci
a stanoveny limity chovani (deformacni poklesy nadloZi, konvergence apod.).
Predem je pripraveno (jak projektove, tak i materidlove) zdlohové feSent,
které v pripadé potreby nahradi puvodni. Je vypracovan podrobny projekt
geotechnickych méfen{ véetné limitu a trendd. Na stavbé je zaveden a odsou-
hlasen odpovédnostni vztah viech castniki vystavby, kteff jsou vybaveni
pravomocemi a také technickymi komunika¢nimi prostfedky. Jsou schopni
tymove rychle reagovat na prekrodent stanovenych limiti chovéni, které jsou
signdlem nedostatenosti zdkladniho feSeni a vyvoldvaji jeho doplnéni ¢i
nahradu zdloznimi feSenimi. L

Geotechnicky monitoring zajistije pro RSD CR odbornd firma SG-Geo-
technika. Je realizovan komplexni monitoring, ktery slouZi pro kontrolu
a fizeni technologického postupu razby a zejména pro rozhodovani o aplika-
ci konstruk&nich prvku primérniho osténi.

Vzhledem k aplikaci observa¢ni metody tunelovani NRTM je jeho soucdsti
zejména:

— popis sledovani zastizenych geotechnickych podminek na ¢elbé tunelu

a stanoveni geotechnické klasifikace,

— sledovén{ deformaci a naméhdn{ vyrubu a primdrniho vystrojeni.

Praci GTM 1idi RAMO (Rada geotechnického monitoringu) v &ele s pred-
sedou, kterym je hlavni projektant. Vysledky GTM preddva inzenyrska orga-
nizace bezplatné zhotoviteli dila a ten je povinné vyuZivé pii vlastni realiza-
ci dila ve smyslu banskych predpisu.

Zdkladnim méfenim realizovanym v tunelu Valik je optickd konvergomet-
rie v dil¢ich i definitivnich vylomech, vyhodnocend jak z pozice aktudlnich
hodnot a jejich vztahu k meznim hodnotdm posunt a konvergenci, tak z pozi-
ce jejich dynamiky v Case.

Tunel Valik je realizovdn v nezastavéném lesnim tzemi, proto méfeni
poklest na povrchu miZe probihat s mensi intenzitou. Na zakladé pozadav-
ku ochrandru prirody je nutno sledovat stav lesnich porostt v zoné ohroZeni.

Realizacni projekt a technologicky postup stanovuje hodnoty varovnych
stavl, dopredu se specifikuje soubor moZnych stabiliza¢nich opatfeni (zvyse-
ni hustoty kotvent, prodlouzeni délky kotev, snizeni vzddlenosti vyztuznych
oblouku, zplsoby stabilizace Celby apod.) pii prekroceni varovného stavu
méfené veliiny.

DODAVATELSKY SYSTEM VYSTAVBY

Stavbu Dilnice D5 — stavba 0510/IB Cernice — Utusice provadi sdruZeni
dodavatelt pod ndzvem SdruZeni DMB. Partnery ve sdruZeni jsou firmy
Dalni¢ni stavby Praha, a. s. (DSP), Metrostav a. s. a Berger Bohemia, a. s.

Stavba je rozdélena na stavebni objekt Tunel Valik a ostatni stavebn{
objekty hlavni trasy ddlnice. Vystavbu tunelu Valik provadi firma Metrostav
a. s., ostatni stavebni objekty provadi DSP, a. s., a Berger a. s.

Vystavbu tunelu Valik zajistuje projektovy tym Metrostavu divize 5, ktery
provadi razbu dvou tifpruhovych tuneld v délce 330 m z rozvadovského por-
talu, jejich sekunddrni osténi, vystavbu hloubenych &dsti tunelu na rozvadov-
ském a prazském portdlu, technologické vybaveni a dokoncovaci prace. Kon-
strukce vozovky v tunelu bude provadét partner ve sdruzent, firma DSP a. s.

Na zajisténi dodédvek vSech provoznich technologickych souboru véetné
komplexniho odzkouSeni se podileji stfediska technologickych doddvek
divize 5 a divize 9 Metrostavu a. s.

Vedeni projektu zajiStije pro realizaci praci projedndni realizacni doku-
mentace, sledovéni a vyhodnocovan{ jakosti, koordinaci praci s ostatnimi part-
nery ve sdruZeni, koordinaci projektové dokumentace a koordinaci provadéni
jednotlivych stavebnich objekti, aktualizaci a kontrolu celkového HMG stav-
by, ddle zajistije styk s objednatelem stavby RSD CR a s vefejnosti.
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was realised in a limited extent, using micropiles. A diamond pattern of the mic-
ropiles is maintained at the bottom, with the rows consisting of 3 or 4 micropi-
les installed 1m apart. Further improvement was focused on the overburden
above the central pillar. IBO R25 anchors at a length of 6m were installed using
a similar staggered pattern as that used for the bottom. The rows are 1m apart,
each row consists of 3 or 4 anchors.

The central pillar is 7.40 m high, 3.58 m and 3.00 m wide at the top and bot-
tom, respectively. In the central part, the width of the pillar is reduced symme-
trically to 1.236 m by a 6.0 m diameter circular arch. The geometry of the cent-
ral pillar follows the geometry of the primary lining of the two tunnel tubes to
be excavated subsequently. The top of the pillar is provided with recesses on
the sides for clamping of the primary liner. At the bottom, the sides of the pil-
lar are tapered to allow resting on reinforced concrete footings.

Longitudinally, the central pillar is divided into 10 m-long blocks (5 m-long at
the portals), with flat vertical joints (without shear keys). The joints allow “small”
angular rotation of the individual blocks against one another. There are recesses
in the pillar serving for the cleaning of drainage, and one cross passage opening.

Self-compacting concrete C20/25-XF1 is used for the pillar construction.

CONSTRUCTION MANAGEMENT, GEOTECHNICAL MONITORING (GTM)

The construction is realised according to principles of the observational met-
hod, where the original (basic) design of the structure is continually assessed,
and can be modified even in the course of the construction process. The basic
structural solutions, including the scope of the rock mass improvement work,
are specified, and limits of behaviour determined (i.e. deformation/subsidence
of the overburden, convergences, etc.). A contingency plan is prepared in
advance (both in terms of the design and materials). A detailed design of geo-
technical measurements is elaborated, including the limits and trends. Relati-
ons in terms of mutual responsibilities of all project participants including rele-
vant authorities are defined and agreed, as well as the data communication faci-
lities. The project team is capable of responding promptly when the specified
limits of behaviour are exceeded, signalling that the basic design is insufficient
and a supplement or replacement by a contingency solution is required.

Geotechnical monitoring services are provided for the RSD CR by a speci-
alist company, SG Geotechnika. A comprehensive monitoring is carried out,
used for checking and control of the technological procedure of the excavati-
on. Above all, the monitoring assists in deciding on the application of structu-
ral elements of the primary lining.

As the observational method is applied to the NATM tunnelling process, it
comprises, above all:

— Description of geotechnical conditions encountered at the tunnel face, and

determination of geotechnical classes,

— observation of deformations and stress of the excavation and the primary

support.

The GTM activities are managed by the RAMO (a geotechnical monitoring
board) chaired by the chief designer. Client’s supervision engineers share the
GTM results with the contractor (free of charge), who is obliged to use them in
the construction process within the meaning of mining regulations.

The basic measurement carried out in the Valik tunnel consists of the optical
convergometry carried out in the partial and final excavations. The convergences
are assessed both in terms of current values and their relation to limiting values of
displacement and convergences, as well as from the aspect of their dynamics.

The Valik tunnel is being realised in an open area of woods, therefore the
intensity of measurements on the surface can be lower. On the other hand, the
condition of woods in the endangered zone has to be monitored, as required by
preservationists.

The detailed design and technological procedure define the warning levels;
a set of possible stabilisation measures is specified in advance (increasing of
the density of anchoring, increasing of the length of anchors, decreasing of the
spacing of lattice girders, other possible methods of the face stabilisation), to
be applied in the case of the warning level of the measured quantity is reached.

PROJECT MANAGEMENT SYSTEM

The contract for the project “Motorway D5 — Construction Lot 0510/B Cer-
nice — Utusice” was awarded to a joint venture entitled “SdruZeni DMB”
(DMB JV). The joint venture partners are Dalni¢ni Stavby Praha a. s. (DSP),
Metrostav a. s., and Berger Bohemia a. s.

The construction lot consists of the “Valik Tunnel” construction object, and
other objects of the motorway’s main route. The Valik tunnel is built by Met-
rostav a. s., the other objects are built by DSP a. s. and Berger a. s.

The Valik tunnel works consists of the excavation of two 330 m long three-lane
tunnel tubes from the Rozvadov portal (including the secondary lining), constructi-
on of cut and cover tunnel sections at the Rozvadov and Prague portals, installation
of the tunnel equipment, and finishing work. The above mentioned work will be
carried out by a construction management team from Metrostav’s Division 5. The
carriageway in the tunnel will be constructed by DSP a. s., a member of the JV.

Departments of Metrostav’s divisions 5 and 9 specialised in equipment
installation will participate in the supply and installation of all tunnel equip-
ment systems, inclusive of commissioning.
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Realizaéni dokumentaci a vedeni Rady geotechnického monitoringu
zajistuje stredisko podzemnich staveb projektové organizace Pragoprojektu
a. s., pod vedenim hlavniho projektanta Ing. Jiftho Svobody.

Rada geotechnického monitoringu (RAMO) na zékladé vysledka a pro-
gndz geotechnického monitoringu doporucuje dalsi postup vystavby. Je v ni
zastoupen objednatel, zhotovitel a projektant. Dal§im orgdnem fizeni vystav-
by tunelu Valik jako celku je Technickd rada tunelu Valik, kterd je sloZena ze
zastupcl objednatele, zhotovitele, projektanta a specialisti. Na zakladé
doporuc¢eni RAMO se v Technické radé stanovuje dalsi technické fesen{
postupu vystavby tunell na nejblizsi Casové obdobi a projednavajf se veske-
ré technické problémy vystavby, jak z hlediska ¢asového, tak technického.
Funguje zdroven jako autorsky dozor.

Technickd rada se schézi pravidelné 2 — 3 x mési¢né, zhodnoti vzdy uply-
nulé obdobi v oblasti postupt vystavby, projedndvéni realizaéni dokumenta-
ce, kvality a technologickych postupt a stanovuje vyhled realizovanych
praci a odsouhlasuje geotechnickou prognézu na nejblizs§i obdobi.

Vystupy z Rady geotechnickych monitoringti i Technické rady jsou infor-
maci pro veden{ stavby o stavu, v jakém se cely projekt nachdzi, a slouzi
jako zdkladni materidl pri rozhodnutich tykajicich se eventudlnich zmén
fizeni stavby. Splnuji zdroven poZzadavky stitniho banského dohledu na
veden{ dila podle pravidel NRTM.

INFORMOVANI VEREJNOSTI

Pro objektivni informovéni vefejnosti je na ploSe zafizeni stavenisté
v blizkosti obce Sténovice vybudovano informaéni stiedisko. Je zde vystav-
ka o budovani tunelu a kazdy prvni patek v mésici, vzdy od 15.00, 16.00
a 17.00 hod., jsou zde promitany vizualizace stavby, provadén odborny
vyklad a na zdvér je umoznéna prohlidka vlastniho portélu tunelu. Cely pro-
gram trvd vZdy hodinu za dcasti hlavniho projektanta a hlavniho stavbyve-
douciho. Tyto akce jsou hojné navstévovany obCany plzenského regionu,
ktefi se zdjmem pravidelné sledujici postup vystavby. Stavenisté tunelu
Valik je napf. cilem vyleti mnoha plzenskych cyklisti. Lze konstatovat, Ze
timto zpusobem poddvand informace pozitivné ovliviiuje velmi pocetnou
skupinu navstévnikl. Naopak pro objednatele a zhotovitele vystavby tato
setkdni s verejnosti realizuji jakousi zpétnou vazbu a umoZnuji prabéZné
zjistovani ndzoru na cil investice a jejich Einnost v prubéhu vystavby.
ZAVER

Tunel Valik je sice kratky dalni¢ni tunel, ale vzhledem ke slozZitosti tech-
nického feSeni a k ndroénym geologickym podminkdm se jednd nepo-
chybné o stavbu spadajici do 3. geotechnické kategorie dle Eurocodu 07.
Na projekénich i realizacnich pracich trvale spolupracuji predni odbornici
z Ceskych vysokych $kol. Jednd se o dobry priklad spojeni $koly a védy
s praxi, nebot’projektant i zhotovitel poskytli jiZz v nékolika pripadech pod-
klady pro zpracovdn{ studentskych diplomovych praci spojenych s proble-
matikou tunelu Valik.

ING. JIRI SVOBODA, Pragoprojekt, a. s.
ING. VACLAV SVARC, Metrostay a. s.

Obr. 8 Celba pravé bocni Stoly
Fig. 8 The face of the right sidewall drift
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Obr. 9 Celba pravého tunelu
Fig. 9 The face of the right tunnel tube

The construction management team ensures approvals of detailed design
documents, quality control and evaluation, work co-ordination with the other
members of the joint venture, design documentation co-ordination and co-ordi-
nation of the work on individual structures, updating and checking of the ove-
rall covnstruction schedule. This team also ensures the contact with the client,
RSD CR and the public.

The detailed design documents and steering of the Geotechnical Monitoring
Board is provided by the Underground Construction Department of Pragopro-
jekt a. s. (a designing office), with Ing. Jiff Svoboda in charge.

The GTM executive body is the GTM Board, which recommends further
construction procedures, on the basis of results and prognoses of the geotech-
nical monitoring. The GTM Board gathers representatives of the client, con-
tractor and designer. Another Valik tunnel construction management tool is so
called Technical Board of the Valik tunnel with representatives of the contrac-
tor, designer and specialists. Based on GTM Board’s recommendations, the
Technical Board specifies further technical solutions of the tunnel construction
process for the closest oncoming time period, and discusses all technical pro-
blems of the construction, both in terms of time and technology. The Board
also acts as consulting engineer’s supervision.

The Technical Board meets regularly, 2-3 times a month. It evaluates the
previous period regarding the work progress, approvals of the detailed design
documents, quality and technological procedures. It develops a forecast of the
work progress, and approves the geotechnical forecast for the closest period.

The documents issued by the GMT Board and the Technical Board provide
information for the contractor’s management team about the condition the ove-
rall construction is found in. They serve as the basic material for decisions
regarding changes in the construction control, if required. In the same time, the
documents satisfy requirements of the government mining supervision regar-
ding mining work according to the NATM principles.

INFORMING THE PUBLIC

To provide objective information for the public, an information centre has been
established in the premises of the construction site facility 14a, nearby the Sténo-
vice municipality. The centre offers an exhibition on the tunnel construction, and
every first Friday in a month from 3 p.m., 4 p.m. and 5 p.m. visualisation films on
the construction are presented (with professional explanation). Even visits to the
tunnel portal are possible. The complete program takes 1 hour, and is always atten-
ded by the main designer and contractor’s construction manager. These events are
visited by many people living in the Pilsen region, who follow the construction
progress with high interest. The Valik tunnel construction site is, for instance,
a destination of many Pilsen bicyclists. We can state that information provided in
the above way affects positively a wide circle of visitors. The meetings with the
public are important for the client and the contractor too, being a kind of a feed-
back and information about attitudes of the public to the objectives of this building
investment and to their performance in the course of the construction.

CONCLUSION

Although short, the Valik motorway tunnel belongs undoubtedly to the 3rd
geotechnical category in terms of the Eurocode 07 considering the complex
character of the technical solution and geological conditions. Foremost experts
from Czech universities co-operate with the construction management perma-
nently. In the same time, the issues of the tunnel construction are solved by stu-
dents in their graduation theses. This is an example of the connection of
school and science with the practice. The designer and the contractor provide
details necessary for elaboration of student technical papers.

ING. JIRI SVOBODA, Pragoprojekt, a. s.
ING. VACLAV SVARC, Metrostav a. s.
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PROJEKT IV. PROVOZNIHO USEKU TRASY C METRA
V PRAZE - 2. ETAPA (LADVI - LETNANY)

THE OPERATIONAL SECTION IV OF THE PRAGUE METRO
LINE C - 2nd PHASE (LADVI - LETNANY)

VLADIMIR BARTON, JOSEF KUTIL

1. UvoD

Hlavni mésto Praha ve spolupraci s Dopravnim podnikem hl. m.
Prahy rozviji sit méstské hromadné dopravy a soucasné s tim i metra. Po
Ctyfech letech vystavby bylo uvedeno do provozu prodlouzeni trati C
prazského metra ze stanice Nadrazi HoleSovice do stanice Ladvi.

Nyni vdm predstavujeme dalsi prodlouZeni této trati do oblasti
Proseka a Letnan. Tato stavba zlepsi v budoucnu dopravni spojeni do

vyznamnych rozvojovych oblasti Proseka a Letian (obr. 1).

I i
t .

Obr. 1 Poloha iiseku IVC?2 v siti praZského metra
Fig. 1 Position of the IVC2 section within the Prague Metro network

Stavba, jejiz rozpoctové ndklady dosdhnou jak ve stavebni, tak technolo-
gické &asti cca 16 mld. K&, je financovdna hlavnim méstem Praha z pujcky
Evropské investi¢ni banky a &dste¢né ze statni dotace Ministerstva financi CR.

Stavba byla zahdjena v kvétnu 2004 a predpoklddany objem praci pro rok
2004 je jiz asi 1,3 mld. K&. Po vybudovdni zafizeni stavenisté, provedeni
nezbytnych prelozek inzenyrskych siti byly v listopadu 2004 zahdjeny razby.

Z celkové délky 4,6 km je 2,36 km raZenych prevdzné dvoukolejnych
tunelu. Tato délka razenych tunelt piedstavuje v souCasnosti jednu z nejvét-
Sich realizovanych tunelovych staveb v Praze i v Ceské republice.

Predpokladané dokonceni trati metra je na prelomu let 2007 a 2008. Do té
doby urdité o postupu vystavby trati na strankdch Casopisu Tunel uslysite.

Investorem je Dopravni podnik hl. m. Prahy, a. s., jehoZ zastupuje obsta-
ravatel InZenyring dopravnich staveb, a. s. Zhotovitelem dokumentace ke
stavebnimu povolen{ je Metroprojekt Praha, a. s.

IV. provozni usek trasy C metra - 2. etapa

1.1 Dopravné-urbanistické reseni

Zdkladnim dopravné-urbanistickym feSenim vystavby 2. etapy IV. pro-
vozniho useku trasy C metra (ddle jiZ IVC 2. etapa — obr. 2) je zlepSeni vazeb
obyvatel spddové oblasti k centru, predevsim z hlediska ¢asovych ztrat, bez-
pecnosti a pohodli cestujicich. Z hlediska dopadu na Zivotni prostiedi jde
zejména o omezeni povrchové dopravy, kterd je dnes realizovdna z velké
Cdsti autobusy, tedy prostiedkem, ktery velmi negativné ovliviiuje Zivotni
prostiedi (exhalace a hluk), a to zejména v tsecich s velkym podélnym sklo-
nem komunikaci (ul. Vysocanskd, Proseckd a Kbelskd).

1.2 Zasady dopravné-urbanistického reseni
Z dokoncované koncové stanice Ladvi je trasa vedena tunely do sta-

nice StiiZzkov. Stanice StiiZkov bude obsluhovat ¢ast sidlisté Prosek

s x4 Yor

a stanice Prosek zbyvajici ¢ast sidlisté. U stanice Stfizkov je navrzeno

1. INTRODUCTION

The urban mass transit network including the subway is developed by
The Capital City of Prague, in collaboration with Dopravni podnik hl. m.
Prahy, the Prague Passenger Transport Authority. The extension of the line
C of the Prague Metro from Nddrazi HoleSovice station to Ladvi station was
brought into service after four years of construction work.

Now we would like to introduce another extension of this line to you, lea-
ding to the Prosek and Letnany regions. This project will provide a link to
significant developing regions Prosek and Letiiany (see Fig. 1).

This project with estimated costs reaching K¢ 1.3 billion (civil construc-
tion plus mechanical equipment) is funded by the Capital City of Prague
from a loan provided by the European Investment Bank and partially from
a government grant provided by the Ministry of Finance of the CZ.

The construction operations started in May 2004, and the costs of the buil-
ding work anticipated for 2004 are already reaching K¢ 1.3 billion. The dri-
ving of running tunnels is planned to begin in November 2004, after the com-
pletion of site facilities and relocation of utilities to the necessary extent.

Out of the total length of tunnels of 4.6 km, mined tunnels, mostly doub-
le-track ones, make up a length of 2.36 km. Owing to this length of mined
tunnels, this project belongs among the largest tunnelling constructions
being realised in Prague and the Czech Republic.

The completion of the subway tracks is scheduled for the end of 2007
or beginning of 2008. Till then you will certainly read about the progress of
the running tunnels on the pages of TUNEL magazine.

The project owner is Dopravni podnik hl. m. Prahy a. s., represented by
InZenyring dopravnich staveb a. s., providing construction management and
supervision for the owner.

METROPROJEKT Praha a. s. is developing the final design.

Operational section IV of the Metro line C - 2nd phase

1.1 Traffic and town planning solution

The basic aim behind the traffic and town planning solution of the 2nd
phase of the operational section IV of the Metro line C project (hereinaf-
ter referred to as the Phase IVC 2 see Fig. 2) is to improve links to the
city centre for hinterland residents, above all in terms of time losses, pas-
senger safety and comfort. Regarding the environmental impact, the pri-
mary aim is to reduce intensity of surface passenger transportation, the
major part of which is currently provided by buses. This means of tran-
sportation affects the environment in a very negative manner (exhaust
and noise emission), above all in steep gradient road sections (Vysocan-
skd, Prosecka and Kbelska Streets).

Fig. 2 Position of the IVC2 section in an orthophoto map
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docCasné zachytné parkovisté typu P + R pro 203 stani. U koncové stanice
Letnany, kterd md dva vestibuly, je u severniho vestibulu navrZen autobu-
sovy termindl s velkou odstavnou plochou a zachytné parkoviste typu P +
R pro 683 stdni. Oba vestibuly pak splnuji vyhledové vazby na uvazovany
Prazsky vystavni aredl a dalSi rozvojové aktivity tohoto tzemi.

1.3 Z4kladni iidaje o stavbé:
Stavebni délka trasy metra IVC 2. etapy Ladvi — Letnany 4602 m
Z toho razend ¢ast Novou rakouskou tunelovaci metodou 2360 m
Maximaln{ spad 39,5 %o
Minimdlni polomér smérového oblouku tratovych koleji 500 m
Minimdlni polomér zakruZovaciho oblouku tratovych koleji 1600m

Pocet stanic 3 stanice
Vzdalenost stanic

Ladvi — Strizkov 1580 m
Stiizkov — Prosek 1005 m
Prosek — Letnany 1839 m

Nazvy stanic
1. Stfizkov — hloubend, dvé bo¢ni néstupisté na strané osy stanice
2. Prosek — hloubend, jeden podzemni vestibul,

dvé bo¢ni néstupi§té na strané osy stanice
3. Letiiany — hloubend, dva vestibuly, ostrovni ndstupisté
Hloubka stanic (rozdil UT — UN)

Strizkov 6,3 m
Prosek 10,6 m
Letnany 10,3 m (k upravenému terénu)

2. STAVEBNI ODDILY

Stavba je dle postupu vystavby a funkce rozdélena na sedm dseku,
stavebnich oddila.

2.1 Oddil 08 - Stanice Ladvi — obratové koleje

Stavebni oddil 08 zacind za stanici Ladv{ trat¢ IVC1. Oddil ma cel-
kovou délku 256 m a zahrnuje konstrukce obratovych koleji, kterymi
bude dokoncena stanice Ladvi. Po strandch obratovych kolejf jsou hlou-
bené tratové tunely, bezprostfedné navazujici na stanici Ladvi, tvorici
prechod k razenému tratovému dvoukolejnému tunelu oddilu 09 smé-
rem ke stanici Stfizkov.

Vlastni konstrukce oddilu 08 tvori jednoduchy rdm o trech, dvou
a jednom poli. V tseku vlastni obratové koleje a tlakového tratového
predélu (systém OSM) jde o trojtrakt. Pak pokraCuje dvojtrakt se stied-
ni fadou sloupu, respektive se stfedni sténou a poslednich asi 20 m pred
portdlem je jiZ jen jednoduchy ram o rozpéti 12 — 10 m. Zelezobetono-
vé konstrukce jsou zaizolovany hydroizolacemi z PVC.

2.2 Oddil 09 - Tratovy tsek Ladvi — Strizkov

Trasa tratového dseku Ladvi — Stfizkov za¢ind za stanici Ladvi a dsti
do hloubené &ésti stanice Strizkov. Délka tratového dseku je 1049 m.

Hlavnimi objekty tratového tseku jsou raZeny dvoukolejny tunel,
hloubené dvoukolejné tunely, hygienickd bunika OSM (ochranny systém
metra) a zdkladni nefekdlni jimka. Dvoukolejny raZeny tunel v délce
910 m bude budovan technologii NRTM s primarnim osténim ze stiika-
ného betonu, ddle s mezilehlou hydroizolaci z PVC a se sekundarnim
vnitinim osténim z monolitického Zelezobetonu, pfipadné strikaného
betonu.

2.3 Oddil 10 - Stanice Strizkov (obr. 3)

Stanice Stifzkov za¢ind za hloubenymi tratovymi tunely a kon¢f také hlou-
benymi tunely dal$tho stavebnitho oddilu. Oddil ma celkovou délku 228 m.

Navrhovana stanice je feSena jako jednolodni halovd stavba. Nosnd
konstrukce prosklenych ploch je navrzena z oceli. Z duvodu pojizdéni
¢asti konstrukce vozidly (v ¢asti pod vozovkou) bude tato ¢dst kon-
strukce navrZena pii statickém ndvrhu jako mostni objekt. Ve spole¢ném
halovém prostoru je integrovdna funkce vestibulu i ndstupist. Vnitini
prostor stanice je vySkové ¢lenén do tif funkénich trovni, a to droven
ndstupi§té, droven mezipatra a troven okolniho terénu — parter.

Vsechny tfi vefejné piistupné trovné tvori uzaviratelny prostor, ktery
je verejnosti pristupny pouze v dobé provozu metra.

2.4 0ddil 11 - Tratbvy tsek Strizkov — Prosek

Stavebn{ oddil zahrnuje hloubené tratové tunely mezi stanicemi Striz-
kov a Prosek. Oddil ma celkovou délku 772 m. Hloubené tunely jsou situ-
atné umistény severné v zeleném pésu podél ulice VysoCanska.

Konstrukce dvoukolejného tunelu je navrZena jako monoliticky Zelezo-
betonovy rdm o 3ifce 9,8 m a vysce 4,8 m. Osovd vzddlenost kolejf je 3,6 m,
smérem ke stanicim se osové vzddlenost koleji zvetSuje. Zelezobetonové
konstrukce jsou zaizolovany hydroizolacemi z PVC.

Obr. 3 Vizualizace ndstupisté stanice Stiizkov
Fig. 3 Visualisation of the Prosek I station platform

1.2 Principles of the traffic and town planning solution

From the current terminal station Ladvi{, which is being finished, the route
runs through tunnels to Stfizkov station. Stiizkov station will service a part
of the Prosek residential area, while the remaining part of this area will be
serviced by Prosek station. A temporary P+R car park with 203 parking spa-
ces is designed next to Stfizkov station. A bus terminal with a large bus par-
king area, and a P+R car park for 683 vehicles are designed to be built next
to the northern concourse of terminal station Letnany, featuring two con-
courses. Both concourses meet the requirements for the Prague exhibition
park and other development activities within this area.

1.3 Basic construction data

Structural length of the IVC Phase 2 — Ladvi — Letiiany 4602 m
Out of that, the section excavated using the NATM 2360 m
Maximum gradient 39.5 %o
Minimum radius of the running track horizontal curve 500 m
Minimum radius of the running track vertical curve 1600 m
Number of stations: 3 stations
Distance between stations:

Ladvi — Stiizkov 1580 m
Stiizkov — Prosek 1005 m
Prosek — Letnany 1839 m

Station names :
1. Stizkov — cut-and-cover, two side platforms
2. Prosek — cut-and-cover, one underground concourse,
two side platforms
3. Letnany — cut-and-cover, two concourses, central-island platform
Station depth (a difference between the finished grade level
and platform level):

Stizkov 6.3 m
Prosek 10.6 m
Letnany 10.3 m

2. CONSTRUCTION LOTS

The project is divided into seven sections, construction lots, according to
the construction’s progress.

2.1 Construction lot 08 — Ladvi Station — return tracks

Construction lot 08 starts behind Ladvi station (the IVCI1 line). This 256 m
long section comprises the construction of return tracks, which will mean the
completion of Ladvi station. Cut-and-cover running tunnels on the sides of the
return tracks, directly connected to Ladvi station, form a transition to the mined
double-track running tunnel heading towards Stiizkov station (construction
lot 09).

The structure of construction lot 08 consists of simple three-span/two-
span/single-span frameworks. The three-span framework is designed for the
section comprising the return tracks and the pressure gate (part of Metro’s
civil defence system). The two-span framework follows, with a central row
of columns or a central wall. The final section, about 20 m before the
portal, is a single-span framework only (10 — 12 m span). Reinforced
concrete structures are protected by a PVC waterproofing system.

2.2 Construction lot 09 — Route section Ladvi — Strizkov
Route section Ladvi — Stiizkov starts behind Ladvi station, and ends at the

cut-and-cover section of Stfizkov station. This route section is 1049 m long.




Obr. 4 Vizualizace vestibulu stanice Prosek
Fig. 4 Visualisation of the Prosek station concourse

2.5 Oddil 12 - Stanice Prosek (obr. 4)

Stanice Prosek za¢ind za hloubenymi tratovymi tunely u obchodniho domu
Billa a kon¢i hloubenymi tunely dal$iho stavebniho oddilu za ulici Prosecka.
0Oddil ma celkovou délku 205 m.

Vzhledem k exponované dopravé na obou uvedenych komunikacich byl
postup vystavby stanice metra navrzen tak, aby komunikace Proseckd a Vyso-
Canskd po omezeni zUstaly prijezdné obéma sméry.

Vlastni konstrukce stanice je navrZena Zelezobetonova monolitickd, tvorici
tri zdkladni drovné — droven pod ndstupistém, ndstupisté a vestibul (podzem-
ni). Konstrukce je navrZena s ocelovymi sloupy umisténymi mezi kolejemi.
Souddsti stanice jsou i podchody pod ulici Proseckou a Vyso¢anskou. Z davo-
di pojizdéni vozidly bude tato st konstrukce navrzena pfi statickém ndvrhu
jako mostni objekt. Zelezobetonové konstrukee jsou zaizolovdny hydroizola-
cemi z PVC. Cést nastupisté ma denni osvétleni.

Nové se uvazuje s realizaci okruzni kfizovatky Proseckd — VysoCanskd
s podchodem, ktery mimotiroviiové propoji pro pesi zbyvajici dva kvadranty
kfizovatky.

2.6 Oddil 13 - Tratbvy dsek Prosek — Letriany

Trasa tratového oddilu Prosek — Letiany vychazi z hloubené ¢dsti stanice
Prosek pred ulici Proseckou a koné{ v hloubené stanici Letnany. Oddil ma cel-
kovou délku 1500 m.

Hlavnimi objekty tratového tseku jsou raZené jednokolejné tratové tunely,
razeny dvoukolejny tunel a dvoukolejny tunel hloubeny. Pfi vystavbe raze-
nych objektt tratbvého dseku 13 se predpokladd pouziti technologie NRTM
s primdrnim osténim ze stfikaného betonu, ddle s mezilehlou hydroizolaci
z PVC a se sekunddarnim vnitrnim osténim z monolitického Zelezobetonu,
pripadné stfikaného betonu.

2.7 Oddil 14 - Stanice Letnany (obr. 5)

Stanice Letnany navazuje na jednokolejné razené tratové tunely za ulici
Kbelskou. Oddil mé celkovou délku 592 m. Stavebni oddil je rozdélen na
vlastni stanici a odstavné koleje. Soucdsti je také autobusovy termindl
a parkoviste P+R.

Konstrukce stanice je navrZena jako monoliticky Zelezobetonovy ram
o proménné $itce 15,5 -24,0 m a vySce 4,8 m o trech a jednom poli. V pro-
storu néstupiste se jednd o jednoduchy rdm s otvorem pro primé osvétlent.
Osovi vzddlenost kolejf se smérem od razeného tunelu stavebniho oddilu
SO 13 smérem ke stanici zvétSuje. Zelezobetonové konstrukce jsou zaizo-
lovany hydroizolacemi z PVC. Konstrukce vlastni stanice je tfipodlazni,
v misté ndstupisté dvoupodlazni monolitickd Zelezobetonova §itky 24,0 m.

Obr. 5 Vizualizace ndstupisté stanice Letriany
Fig. 5 Visualisation of the Letnany station platform
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The main structures of this route section are the mined double-track
tunnel, cut-and-cover double-track tunnels, the MPS (the Metro Protecti-
on System) sanitary unit, and the main non-faecal sump. The mined doub-
le-track tunnel, 910 m long, will be constructed using the NATM, with
shotcrete primary lining, PVC intermediate waterproofing, and cast-in-
situ reinforced concrete or sprayed concrete secondary lining.

N

2.3 Construction lot 10 — the Strizkov section (see Fig. 3)

Stifzkov station begins behind the cut-and-cover running tunnels, and
also ends by cut-and-cover tunnels, belonging to the next construction lot.
This construction lot is 228 m long.

The station is designed as a single-span framework structure. The load-
bearing structure of glazed surfaces is designed from steel. Due to the fact
that vehicles will move across a part of the structure (within the section
under the roadway), this part of the structure will be considered as a brid-
ge in the structural analysis. The common space of the station integrates
the functions of a concourse and platforms. The internal space of the sta-
tion is divided vertically into three functional levels, i.e. the platform
level, intermediate floor level and the ground level (street level).

The above-mentioned three levels, open to the public, form a lockable
space open to the public only during the Metro service hours.

Moy

2.4 Construction lot 11 — Route section StriZkov — Prosek

Construction lot 11 covers cut-and-cover tunnels between the Stifzkov
and Prosek stations. The total length of this lot amounts to 772 m. The
cut-and-cover tunnels are situated to the north, within a green belt along
Vysocanska Street.

The double-track tunnel structure is designed as a cast-in-situ reinfor-
ced concrete framework, 9.8 m wide and 4.8 m high. The track centre
distance of 3.6 m increases towards the stations. The reinforced concrete
structures are protected by a PVC waterproofing system resistant to
ground water.

2.5 Construction lot 12 — Prosek station (see Fig. 4)

Prosek station starts behind the cut-and-cover tunnels, next to the Billa
department store, and ends at the cut-and-cover tunnels belonging to the
next construction lot, behind Proseckd Street. This construction lot is
205 m long in total.

With a view to the intensive traffic along Proseckd and VysoCanskd
Streets, the station construction sequence was designed so that the above-
mentioned streets remained open to traffic in both directions during the
period of restrictions.

The structure of the station proper is designed from cast-in-situ rein-
forced concrete, forming three basic levels, i.e. the under-platform, plat-
form and concourse levels (underground). The structure is designed with
steel columns between the tracks. Pedestrian subways under Proseckd and
Vysocanska Streets are also parts of the station. Due to the fact that vehic-
les will move on the structure, the structure will be considered as a brid-
ge in the structural analysis. The reinforced concrete structures are pro-
tected by a PVC waterproofing system.

A roundabout construction is newly under consideration at the inter-
section of Proseckd and VysoCanska Streets, together with a pedestrian
subway interconnecting the remaining two quadrants of the intersection.

2.6 Construction lot 13 — Route section Prosek — Letnany

Route section Prosek — Letnany starts behind Prosek station, and
ends at the cut-and-cover section of Letiiany station. This route section
is 1500 m long.

The main structures of this route section are the mined single-track run-
ning tunnels, the mined double-track tunnel and the cut-and-cover doub-
le-track tunnel. Application of the NATM with shotcrete primary lining,
an intermediate PVC waterproofing system and secondary lining from
cast-in-situ reinforced concrete (or sprayed concrete) is assumed for the
construction of mined tunnels of route section 13.

2.7 Construction lot 14 — Letnany station (see Fig. 5)

Letriany station joins the mined single-track running tunnels behind
Kbelska Street. This route section’s total length amounts to 592 m. The
construction lot is divided into two parts, i.e. the station proper, and stab-
ling tracks. A bus terminal and a P+R car park are also part of this lot.

The station structure is designed as a cast-in-situ reinforced concrete
frame with a span varying from 15.5 to 24.0 m, and a height of 4.8 m,
with a single row of central pillars; then followed by a triple-span frame-
work with structural walls. The track centre distance increases in the
direction from the mined tunnel of construction lot SO 13 towards the
station. The reinforced concrete structures are protected by a PVC waterp-
roofing system.

The structure of the stabling tracks is a cast-in-situ reinforced concrete
single-tier frame (24.0 m wide, 4.7 m high), with two rows of pillars.



14. rocnik - €. 1/2005

) KOMEC mCl ETAPY
LETNANY

[V 7 R TR

LT 290, Y0 num.

" N
S E
N g (3
2 - 5
o %
5
3
]
L I
!
i

-1 —

[
ok UTE THF Nowm nm i hopy
- ' i
OTH 21 A him N =t / :
| ] [ |
| ] [ |
' i ] |
i i i i
i i [ i
1 i [ i
i i [ |
I L] - | S—
Km 9 848 Hm 11,787 Hm 12, EDS Kim 14,37
Km 8.595 LEGENDA - LEGEND Him 14,154
Symital | 5 DE T sL J aL P Ju hp
e
- —_— = =
Nazev Gt typu * Navazky Sprase, sp hliny | Diluvialné-eluvidlni hliny Slinovce | Jily, jilovce | Gl: pi Jilovce uhelné | Hladina podzemni vody
Geotechnical |Iindegmu Loess, loess loam Diluvial-eluvial loams River deposits Marlstone Clay, Gl; it Car Water table
type claystone shale

Obr. 6 Podélny Fez trasou a geologicky profil
Fig. 6 Geological section of the tunnel alignment

Konstrukce odstavnych koleji je jednopodlazni monolitickd Zelezobetono-

vé §iiky 24 m a vysky 4,7 m se dvéma fadami sloupu.
Celd stanice je zahrnuta do ochranného systému OSM.

3. ZEMNIi PRACE

Velikosti stavby odpovidd i bilance zemnich praci.

Celkem bude odvezeno z vykopi a vyrubu 1 138 000 m>. Z toho vyrub
z raZenych &asti stavby &ini 190 000 m3.

Na zdsypy bude zpétné pouzito 306 000 m> materidlu.

4. RAZBA TRATOVEHO USEKU MEZI STANICi PROSEK

A LETNANY VE SLOZITYCH GEOLOGICKYCH POMERECH

4.1 Struény popis geologickych poméru (obr. 6)

Pod 3 aZ 5 m mocnou vrstvou navézek, jilovitych hlin a opukového eluvia
lezi 5 aZz 9 m mocnd poloha vépnitych jiloven a pis€itych slinoveu (opuk),
které jsou znacné rozpukané a zvétralé. Pod zvInénou baz{ opuk pak lezi sou-
visla poloha prakticky nepropustného jilovee, mocnd cca 4 az 5 m, kterd kopi-
ruje zvlnénou bézi opuk. Pod polohou jilovce je souvisld vrstva glaukonitic-
kého piskovce cca 1 m mocnd, nasazend na mocné poloze piskovcovych lavic.
Lokdlné se vyskytuje v poloze piskovcovych lavic aZ nékolik metr mocnd
poloha Sedocernych jilovet, s tenkymi proplastky uhelnych vrstev. Tato uhel-
nd loziska, kterd jsou v podloZzi tunelu v km 10,500 az 11,000, byla v minu-
losti t&Zena hornickym zpusobem. Rozsah té7by i poloha dulnich dél nejsou
zndmy, a proto je nutno predpokladat piipadné lokélni sanace podloZi tunelu.

Hladina podzemni vody je asi 8 m pod drovni terénu ve vrstve piscitych
slinoveu (opuk). Nepropustnd vrstva jilovel pod ni neni zcela souvisld
a neporusend, proto se piitoky vody na Celby tuneli ofekévaji v desetindch
az nékolika I/s. Kromé této horn{ tirovné podzemni vody je v piskovcovych
polohdch vyvinuta druhd, malo vydatnd (spodni) hladina podzemni vody nad
polohou Sedocerného jilovce.

4.2 Dalsi ovliviiujici podminky

Razeny dvoukolejny tunel je v pfi¢ném fezu navrzen jako uzavreny profil
se spodni klenbou. Jeho délka je 1285 m. Tunel podchdzi v malé hloubce niz-
kopodlazn{ zéstavbu prevazné rodinnych domu, mistni hibitov a staré trubn{
inZzenyrské site.

Plocha vyrubniho prifezu se pohybuje od 58 do 66 m? v zdvislosti na
osové vzddlenosti koleji metra. Na tento dvoukolejny tunel navazuji dals{
a krétky usek dvou raZenych jednokolejnych tunelt pred stanici Letnany.
Razba dvoukolejnych tunela se predpoklddd dovrchné z pristupové Stoly
a tpadné od portédlu na Proseku.

Vzhledem ke geologii, staré dulni ¢innosti a moznym seismickym ovlivné-
nfm pozemnich objekttd bude technologie razby ve vytipovanych oblastech
vyZadovat zkrdceni zabéra, ¢lenéni vyrubu a omezeni pouZiti trhacich préci.

Zavérem je mozno konstatovat, Ze tato Cdst stavby mezi stanicemi Prosek
a Letfiany bude vyZadovat z hlediska razicich praci prizpusobeni vSech roz-
pojovacich procest ngroénym podminkdm v&etné zpusobu sledovéani objek-
ta, kontroly a méfeni. ) 5

ING. VLADIMIR BARTON, METROPROJEKT Praha, a. s.,
ING. JOSEF KUTIL, InZenyring dopravnich staveb IDS, a. s.

3. EARTHWORK OPERATIONS

The magnitude of the earthwork operations corresponds to the size of the
project.

About 1,138,000 m? of spoil will be transported from the open pit exca-
vations and tunnels. Out of that, the volume of muck from the mined secti-
ons amounts to 190,000 m°.

About 306,000 m? of the material will be used for backfilling.

4. EXCAVATION OF THE ROUTE SECTION BETWEEN
PROSEK AND LETNANY STATIONS, IN COMPLEX
GEOLOGICAL CONDITIONS

4.1 Brief description of geological conditions (see Fig. 6)

A3 to 5 m thick layer man made ground, clayey soils and cretaceous marl
eluvium covers a 5 to 9 m thick layer of considerably fractured and weat-
hered calcareous claystones and sandy marlstones (cretaceous marls). There
is a continuous layer of virtually impervious claystone under the undulated
basis of cretaceous marls, following this basis. A continuous layer of glau-
conitic sandstone about 1 m thick is under the claystone layer, sitting on
a mighty series of sandstone beds. The sandstone series is locally interbed-
ded by a mighty layer of grey-black claystones with thin coal intercalations.
These coal seams, found in the tunnel sub-base at km 10.500 to 11.000, were
exploited in the past by mining methods. Neither the extent of the exploita-
tion nor the location of the mining works are known, therefore it is neces-
sary to expect a need for local stabilisation of the tunnel sub-base.

The water table is found about 8 m under the ground surface, in the sandy
marblestone (cretaceous marble) layer. The impervious claystone layer
underneath is not totally coherent and unbroken, water inflows at the tunnel
faces are therefore anticipated in the order of tenths of litres to several litres
per second. In addition to this upper level of the water table, there is another
water table level in the sandstone interbeds, above the grey-black claystone
layer. The yield of this (lower) aquifer is low.

4.2 Other influencing conditions

The cross-section of the mined double-track tunnel is designed as a clo-
sed profile with an invert. It is 1285 m long. The tunnel passes under low-
level houses (mostly residential houses), a local cemetery, and old pipelines.

The excavated cross-section area varies from 58 to 66 m2, depending on
the subway track centre distance. Other mined structures are connected to
this double-track tunnel, i.e. a main non-faecal sump placed to the lowest
point of the route, and a short section of two mined single-track tunnels
before Letnany station. The excavation of the double-track tunnels is expec-
ted to be carried out uphill from an access adit, and downhill from the
portal in Prosek.

Due to the geology, abandoned mining works and possible seismic effects
on the underground structures, the excavation procedure will require shor-
tening of round lengths, division of the excavation face, and limitation of
blasting operations in selected areas.

To conclude, we can state that tunnelling in this part of the project, bet-
ween Prosek and Letiiany stations, will require adjustment of all excavation
processes to the difficult conditions, including the monitoring, inspection
and measurement methods. .

ING. VLADIMIR BARTON, METROPROJEKT Praha, a. s.,
ING. JOSEF KUTIL, InZenyring dopravnich staveb IDS, a. s.



Toel

14. rocnik - €. 1/2005

AKTIVACE POJISTNEHO INJEKCNIHO SYSTEMU MEZILEHLYCH
FOLIOVYCH HYDROIZOLACI OBJEKTU PODZEMNICH STAVEB

APPLICATION OF A BACKUP GROUTING SYSTEM
TO UNDERGROUND STRUCTURES PROVIDED
WITH INTERMEDIATE WATERPROOFING MEMBRANE

MICHAL GROSSMANN, RADOVAN MATZNER

uvoD

Hydroizolace osténi tunelovych staveb se v souCasnosti provadéji
predevsim ze specidlnich hydroizolacnich f6lif. VEtSinou se jednd o pro-
pracovany systém vyrobka, ktery kromé vlastni hydroizolaéni folie
obsahuje také tésnici pasy do dilatatnich spar, ruzné tvarovky a kotevni
prvky, ochranné geotextilie a specidlni lepidla. F6liové izola¢ni systémy
velice spolehlivé funguji, ale jejich 100% funkénost je ddna nékolika
aspekty. Pfedné jsou ndro¢né na kvalitu podkladu, na dodrzovani tech-
nologie kladeni a pfedeviim na preciznim proveden{ spoju. DuleZitd je
také ochrana poloZené izolace, aby nedoS$lo k jejimu poskozeni pri
nasledné provadénych pracich, predev§im pri pokldddni armatury
sekunddrniho osténi. ProtoZe je nékdy velmi obtizné vyvarovat se chyb,
které v§ak mohou mit neblahy vliv na dcinnost hydroizolace, je vhod-
néjsi s témito problémy pocitat a pripravit podminky pro rychly a G¢in-
ny zdsah. Proto je vhodné jiz ve fazi projektu doplnit pojistny injek¢ni
systém, ktery je moZno v piipadé potieby — tzn. pfi vyskytu netésnosti
a prusaku — velice snadno aktivovat a prusaky odstranit. Plati to prede-
v§im u mezilehlych féliovych izolaci provedenych po celém obvodu
dila (tzv. typ ,,ponorka®), kdy podzemni dilo je vlastné ponoreno do
podzemni vody a neprojevuje se jeho drendzni Gcinek.

Takovym pojistnym systém bylo vybaveno v roce 2004 dokoncené
prodlouZeni severnfi trasy C prazského metra v provoznim dseku ozna-
Covaném IVCI a v témZe roce zprovoznény silni¢ni tunel Mrdzovka,
soucdst prazského vnitiniho méstského okruhu.

METRO IVC1
KONSTRUKCNI RESENI TUNELU

Tunel byl vyraZen metodou NRTM v polohdch hornin typu jiloveu
a piskoveu. Dilo bylo vyztuZzovéno, v zdvislosti na stabilité horniny,
hydraulicky rozpinanymi svorniky typu BOLTEX a zavrtdvacimi kotev-
nimi ty¢emi typu R v kombinaci s injektdZ{ cementovou suspenzi. Pri-
marni osténi je ze stiikaného betonu, sekunddrni osténi je provedeno
z litého betonu. Mezilehl4 izolace je provedena z pasa mék&eného PVC
typu Sikaplan V Tunnel transparent TR 30, tloustky 3 mm, spojovanych

Obr. 1 Metro IVCI injektdZ jednokolejného tratového tunelu
Fig. 1 Metro IVCI grouting in the single-track running tunnel

INTRODUCTION

Current waterproofing systems in tunnel construction prefer spe-
cial waterproofing membranes. The waterproofing systems are
mostly comprehensive lines of products consisting, in addition to
the waterproofing membrane proper, of water stops installed into
expansion joints, various fittings and anchoring elements, protecti-
ve geotextile and special glues. Waterproofing membrane systems
are highly reliable, but their 100% functionality is given by several
aspects. Basically, they are demanding in terms of the substrate
quality, adherence to the installation technique rules, and, above all,
precise workmanship of joints. Proper protection of the placed
membrane is also important, preventing damage in the course of the
subsequent operations, primarily during the placement of steel rein-
forcement of secondary lining. Because it is sometimes difficult to
avoid errors which can affect negatively also the waterproofing
efficiencys, it is considered more suitable if those problems are allo-
wed for and conditions prepared for a prompt and efficient remedi-
al action. It is therefore reasonable as early as the design phase to
add a backup grouting system, which can be easily activated in case
of a need, i.e. when leaks appear, and can reliably ensure the reme-
dy. This applies above all to fully tanked structures (the so called
“submarine” type structures), where the underground structure is
submerged in ground water and its draining effect does not work.

Such a backup system was used in 2004 on the extension of the
northern line C of the Prague metro, within the operational section
IVCI1, and on the Mrazovka tunnel construction, which is part of
the Prague Inner Circle Road, inaugurated in the same year.

METRO IVC1
TUNNEL DESIGN

The tunnel was excavated through claystone and sandstone rock
types using the NATM. The excavation was supported depending
on the rock stability, by hydraulically expandable rock bolts of the
BOLTEX type and R-type self-drilling anchoring bars, combined
with cement grouting. The primary lining is from sprayed concrete,
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Graf 1 Metro IVCI stanice Kobylisy — pritbéh spotieby injekéniho
gelu (litry)
Graph 1 Metro IVCI the Kobylisy station — the time history of
the injection gel consumption (It.)
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Graf 2 Tunel Mrdzovka — zdpadni tunel — pribéh spotreby injekéniho gelu (litry)
Graph 2 The Mrdzovka tunnel — the western tunnel tube — the time history of the injection gel consumption (lt.)

svafovanim horkym klinem, pripadné horkym vzduchem. V pfi¢nych
a podélnych pracovnich a dilatacnich spérdch jsou poloZeny sparové tes-
nici pasy Sika Fugenband, na které je félie Sikaplan napojena.

Hydroizolace je doplnéna pojistnym injekénim systémem, sestdvaji-
cim ze dvou ¢asti. V dilatacnich a pracovnich spdrdch jsou vloZeny
injek¢ni hadice a v jednotlivych sektorech jsou v celé plose rozvedeny
injekéni a odvzdusnovaci hadice, prichycené k fliové izolaci a vyusté-
né v krabicich centrdlniho vyvodu v sekunddrnim osténi. Délka jednot-
livych sektort je 10 m u dvojkolejného tunelu a 7,0 m, resp. 7,5 m u jed-
nokolejnych tunelt podle typu formy bednéni. Délka pracovni spary po
obvodu tunelové trouby je 29 m. Plocha jednoho sektoru je cca 290 m?.
Rozdé€len{ tuneli na sektory umozZnilo sanovat pouze ty sektory, které
byly poskozeny a vykazovaly netésnosti.

PORUCHY

Trasa metra v Useku mezi stanicemi Nddrazi HoleSovice a novou sta-
nici Kobylisy prekonava vyskovy rozdil 112 m a vede tizemim se sloZi-
tymi hydrogeologickymi podminkami. Kobyliskd stanice je svym feSe-
nim unikdtni, jednd se o prvni jednolodni raZenou stanici, kterd byla
v prazském metru vybudovana. Jiz ve fazi dokoncovani definitivniho
(sekunddrniho) osténi dochdzelo k projevum prasaku a netésnosti. Nej-
CastéjSimi projevy byly:

— netésnosti v pracovnich a dilataénich spérich,

— netésnosti v plose sektoru, které se projevovaly vytoky z osténi,

— lokdln{ net€snosti, predev§im v mistech kontrolnich bodu betondze

ve vrcholech klenby (pracovni ndzev ,.8pién®),

— vyrony ve stavebné komplikovanych mistech (napf. napojeni stani-

ce na eskaldtorové tunely a styk kabelové Sachty s vlastnimi kolejo-
vymi tunely).

Bylo prikro¢eno k odstranéni té€chto netésnosti s vyuzitim pojistného
injekéniho systému, ale protoZe s aktivaci v tomto rozsahu nebyly v CR
prozatim Zadné zkuSenosti, hledalo se optimalni feSeni. Pfedev§im se
hledal vhodny injekéni materidl, ktery by splnoval stanovend kritéria.
Spole¢nym pozadavkem generalniho projektanta, generdlniho dodavate-
le stavby a dodavatele hydroizola¢niho féliového systému bylo prove-
denf sanace prusaku takovym injek&nim materidlem, ktery by splnoval
nasledujici pozadavky — vysokou pruZznost, vyborné t€snici vlastnosti,
schopnost trvale zajistit tésnici funkci, odolnost vaci agresivnim vlivim
a zdroven svym chemickym sloZenim nesmél narusit mezilehlou hydro-
izoladni folii. DuleZitym aspektem byl také poZadavek na moZnost opa-
kované injektdze.

AKTIVACE POJISTNEHO SYSTEMU

Firma CarboTech — Bohemia, s. 1. 0., byla pozaddna o vypracovan{
technického navrhu sanace jednotlivych typu poruch s cilem zamezen{
prusaku vody do tunelové trouby. Pro injekéni préice byly vyuZity oba

the secondary lining is made from cast concrete. The intermediate
waterproofing system consists of 3 mm thick plasticised PVC
membrane of the Sikaplan V Tunnel Transparent TR 30 type. The
membrane sheets are welded together, using the hot wedge or hot
air welding techniques. Waterbars Sika Fugenband are applied to
transversal and longitudinal day joints and expansion joints, with
the Sikaplan membrane connected to the waterbars.

The waterproofing system is complemented by adding a backup
grouting system. The backup system consists of two components,
i.e. grouting hoses inserted both into the expansion and day joints,
and grouting and breather hoses attached to the waterproofing
membrane, distributed within the individual sections and termina-
ting in outlet junction boxes embedded in the secondary lining. The
individual sections are 10 m long in double-track tunnels and 7 or
7.5 m long (depending on the shuttering type) in single-track tun-
nels. The length of the day joint around the tunnel tube’s circumfe-
rence amounts to 29 m. The surface area of one section amounts to
about 290 mZ2. Thanks to the division of the tunnels into the secti-
ons, it was possible to remedy the damaged sections only, where
leaks appeared.

DEFECTS

The Metro alignment between HoleSovice Station and the new
station Kobylisy overcomes an altitude difference of 112 m, passing
through an area with difficult hydrogeological conditions. The
design of the Kobylisy station is unique. It is the first mined sing-
le-span station among the Prague metro stations. Leaks appeared as
early as the phase of the final lining completion. The following
manifestations were the most frequent:

— leaks through day joints and expansion joints,

— leaks within the waterproofing sections manifesting as out-

flows from the lining,

— local leaks, above all at the spots of the concrete casting check

pipes installed at the top of the vault (working name “the spy”),

— leaks at structurally complicated places such as the connection

of the station to the escalator tunnels and the connection of the
cable shaft to the running tunnels.

The issue of removal of the leaks was addressed by the utilisati-
on of the backup grouting system. Because this action had not been
carried out in such a large scope in the CR before, the optimal solu-
tion had to be sought. Above all, a suitable grouting material had to
be found that would meet the set criteria. The common requirement
of the general designer, general contractor and sub-contractor for
the waterproofing membrane system was that the material used for
the remedial action had to meet the following criteria: high degree




Obr.2 Metro IVCI - injektdz spdry v klenbé stanice Kobylisy
Fig. 2 Metro IVC1 - grout injection into a joint in the vault of
the Kobylisy station

pojistné systémy injekénich hadic a lokéln{ injektdZe. Prasaky v pra-
covnich spdrdch s vlozenymi injek¢nimi hadicemi bylo navrzeno zasta-
vit s pouzitim metakrylatového gelu CarboCryl T, vyvinutého special-
né pro tento pripad. Pro zastaveni prasaki v plose jednotlivych sektort
bylo navrZeno, z duvodu nemozZnosti presné lokalizace defektu v tak
velké plose, jejich kompletni zaplnéni metakrylitovym gelem Carbo-
Cryl Hv, pripadné CarboCryl Wv. Pied timto krokem byla kazda
plodné zaplfiovana sekce ,ohraniena“ injektdZi do sparovych pasu.
Injekéni prace byly provddény nizkotlakou injektdZi s pouZitim pneu-
matického Cerpadla WIWA, pozdéji bylo nasazeno mnohem vykonngjsi
Cerpadlo Booster 10A. Spotfeby injekéniho materidlu v jednotlivych
sektorech se navzdjem znacné liSily v zdvislosti na rozsahu a zpusobu
poruseni mezilehlé izolace. Na zdkladé poznatka, ziskanych pri aktiva-
ci pojistného systému, byl na pravidelnych kontrolnich dnech stanovo-
vén dali postup. Bezprostiedné po ukonceni injektdze byly plnici hadi-
ce injek&niho systému prociStény, aby byla zaji$téna jejich prichodnost
pro néslednou reinjektdz v pripadé vyskytu dal3ich prasaku.

Silnéjsi lokélni vyrony ve vrcholech klenby byly predtésnény vyso-
kotlakou injektdzi polyuretanovymi pryskyficemi Bevedan — Bevedol
WF a Bevedan — Bevedol WFA. InjektdZ byla provedena pres pakry
osazené do vyvrtl v betonovém sekunddrnim osténi. K praci bylo pou-
zito elektrické Cerpadlo DV 97. Spotieby v téchto ptipadech nepiesdhly
mnozstvi 10 litra na jedno utésfiované misto.

Vzhledem k tomu, Ze by pristup k lici sekundérniho osténi ve stanici
Kobylisy po uvedeni do provozu byl v podstaté znemoznén z divodu
dodate¢né namontovaného podhledového obkladu ze smaltovaného ple-
chu, bylo rozhodnuto o provedeni celoplo$né injektdZe stanice. Navic
izolaci klenby neni moZno z technickych diavodu navrhnout jako sekto-
rovou. Celoplo$nou injektdzi se dosahlo podobného efektu navic niz§im
finanénim nakladem. Byly odstranény lokalni prisaky a netésnosti
a v podstaté byla zdvojena hydroizolace stanice. Prumérnd spotfeba
injekéniho gelu CarboCryl Hv pii celoplo$né injektdZi nepresdhla
5 litrt/m? dotéstiované plochy. Celoplo$nd injektdZ ve stanici nebyla
zvolena jen z technickych divodd. Spole¢nost Metrostav se pro tento
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of elasticity, excellent sealing properties, ability to guarantee a per-
manent sealing function, resistance against deleterious effects, and,
in the same time, chemical composition not affecting adversely the
intermediate waterproofing membrane. Another important require-
ment was that the grouting process was to be repeatable.

ACTIVATION OF THE BACKUP GROUTING SYSTEM

CarboTech — Bohemia s. r. 0. was asked for elaboration of a spe-
cification for remedy of individual types of defects, with the aim of
preventing the leakage into the tunnel tube. Both backup grouting
sub-systems, i.e. the sub-system of grouting hoses and the sub-sys-
tem of local grouting, were applied. The sealing of leaks through
the day joints containing the grouting hoses was proposed with
application of the purpose-made CarboCryl T methacrylate gel.
Regarding the sealing of the leaks within the areas of the individu-
al sections, where exact location of the defect was impossible, the
design proposed application of the CarboCryl Hv or CarboCryl
Wy methacrylate gels, to fill the entire areas of the sections. Prior
to this step, each area of the section to be filled with the gel had
been bounded by grouting of the waterbars. The low-pressure grou-
ting work was carried out using a pneumatic pump WIWA, which
was later replaced by a much more efficient pump Booster 10A.
The consumption of grout in individual sections differed signifi-
cantly, depending on the extent and kind of the defect of the waterp-
roofing. The further procedure was determined at regular progress
meetings, on the basis of information obtained from the previous
waterproofing system remedial work. The grouting hoses were
cleaned immediately after the completion of the grouting so that the
filling hoses remained passable for subsequent re-grouting in case
of another leakage.

Heavier local leaks at the crown were pre-sealed using high-pres-
sure grouting with polyurethane resins Bevedan — Bevedol WF and
Bevedan — Bevedol WFA. The grout was injected through packers
installed in holes drilled through the secondary lining. The work
was carried out using a high-pressure pump DV 97. The grout con-
sumption in those instances did not exceed 10 litres per one sealing
point.

Considering the fact that the access to the secondary lining of the
Kobylisy station would be made virtually impossible by the subse-
quent installation of vitreous-enamelled steel sheet architectural
cladding, a decision was made to carry out the all-covering grouting
around the station structure. In addition, it is impossible for techni-
cal reasons to design division of the waterproofing of the vault into
sections. The waterproofing system covering the whole circumfe-
rence achieved a similar effect, moreover at a lower cost. Local
leaks were removed, and the waterproofing system of the station
got essentially doubled. Average consumption of the grouting gel
CarboCryl Hv at the all-covering grouting system did not exceed
5 1t/m2 of the surface area being sealed. The all-covering grouting
system was not chosen for the station for technical reasons only.
Metrostav a. s. decided on this method for the reasons of its presti-
ge, to avoid a necessity for removing contingent leaks in an opera-
ting station, either in the presence of the public or with restricted
access to the platform.

The cost of the activation of the grouting system did not excess
values usual at similar constructions. This fact was proven by
expert opinions.

The grouting operations were performed by MATTEO spol.sr.0.;
CarboTech — Bohemia s. r. 0. supplied grouting materials and acted
as a technical consultant (above all in the phase of the elaboration
of the technical design of the remedial operations, and at the begin-
ning of the grouting).

The other completed tunnel where the backup waterproofing sys-
tem consisting of grouting hoses is part of the design is the Mra-
zovka road tunnel.
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Graf 3 Tunel Mrdzovka — vychodni tunel — pribéh spotieby injekéniho gelu (litry)
Graph 3 The Mrdzovka tunnel — the eastern tunnel tube — the time history of the injection gel consumption (lt.)

krok rozhodla i z prestiznich a referen¢nich davodu, aby za provozu
nebylo nutné odstranovat eventudlni teCe za tcasti, resp. omezeni verej-
nosti na nastupisti.

Niéklady na aktivaci injek¢éniho systému nepresdhly hodnoty obdob-
nych staveb, coZ bylo provéreno znaleckymi posudky.

Vlastni injekéni prace provadeéla firma MATTEOQ, spol. s r. 0., firma
CarboTech — Bohemia, s. 1. 0., doddvala injekéni materidly a provddéla
technické poradenstvi, zejména pri zpracovdni technického ndvrhu
sanace a pri zahdjen{ injek¢nich praci.

Druhym dokonenym tunelem, u né¢hoz je soucdsti hydroizolaéniho
systému pojistny systém injek¢nich hadic, je silni¢ni tunel Mrazovka.

MRAZOVKA
KONSTRUKCNI RESENI TUNELU

Konstrukce tunelu byla v Casopise Tunel jiz mnohokrdt podrobné
popsédna, omezime se tedy na zakladn{ informace — stavba se sklddd ze
dvou tripruhovych tunelovych trub (zdpadni a vychodni) s podzemnim
rozpletem na dvoupruhové a jednopruhové trouby. Tunel byl vyrazen
metodou NRTM v horninovém prostied{ bridlic s vyskytem kfemencu.
TaktéZ v pripadé tunelu Mrdzovka jsou v dotéené lokalité velmi sloZité
hydrogeologické podminky, které vedly k obdobnému ndvrhu hydroizo-
lace jako v piipadé tunelu metra — celoplo$né uzaviené féliové izolaci,
umisténé mezi primarnim a sekundarnim osténim. Pro tunel Mrazovka
vSak byla pouzita polyetylénova hydroizolaéni folie SARNAFIL MP
915-30 B2 tloustky 3,2 mm se signdlni vrstvou. Jako ochrannd vrstva
byla pouzita geotextilie NETEX 800 B2. V mist¢ pracovnich spar mezi
konstrukcf kaloty, mostovky a opéfi, probihajicich soubézné s podélnou
osou tunelové trouby, je hydroizolace opatfena zesilujicim pasem izola-
ce v §ifce 500 mm. V celé plose spodni klenby je hydroizola¢ni vrstva
navic zajiSténa proti poSkozeni ochrannou f6lii N8-25 tloustky 2,5 mm.
Svarovdni félie bylo provadéno strojné svarovacimi poloautomaty na
principu horkého klinu, detaily byly provadény ru¢né horkovzdu$nymi
elektrickymi svareckami.

Systém izolace spocivd ve vytvoreni jednotlivych pfi¢nych sektoru,
které jsou vzdjemné oddéleny sparovymi pasy Fugenband AFI 600/35
MP, umisténymi v pfi¢nych sparach. Kromé pfi¢nych spdr jsou stejny-
mi spdrovymi pésy opatfeny také podélné pracovni spary mezi dolni
a horni klenbou. V obou pripadech jsou pasy po svém obvodu privare-
ny na izola¢ni félii. Tato konstrukce rozdéluje celou tunelovou troubu na
segmenty o prumérné délce 7,5 m. Vzdjemné napojeni podéInych a pric-
nych péasu bylo provedeno ruénim svarovanim. ProtoZe nebyly povole-
ny kifZové spoje pdsu, jsou podélné pdsy prabézné, pri¢né jsou v horni
a dolnf klenbé vzdjemné posunuty piiblizné o polovinu segmentu.

Pojistny systém tvoii dva separdtni okruhy. Prvni okruh tvori injeké-
ni hadice, umisténé v horni klenbé sekundarniho osténi. Jsou uréeny pro
vyplnéni kaveren a dutin, které mohou vzniknout ve vrcholu horni klen-
by pri betondzi sekunddrniho osténi. V téchto piipadech se k injektazi
pouziva cementovd malta.

MRAZOVKA TUNNEL DESIGN

The design of the Mrdzovka tunnel has been described in TUNEL
magazine many times. We will, therefore, restrict our presentation
to basic information. The construction consists of two three-lane
tunnel tubes (WTT and ETT), with an underground section allo-
wing transition to double-lane and single-lane tubes. The tunnel
was excavated using the NATM, through rock mass consisting of
schist with occurrence of quartzites. It applies to the Mrdzovka tun-
nel tubes too that hydrological conditions at the given location are
very complex, which fact resulted in a design of the waterproofing
system similar to that used for the above-mentioned Metro station
tunnel, i.e. an all-covering closed membrane system installed bet-
ween the primary and secondary liners. Although, a 3.2 mm thick
polyethylene waterproofing membrane SARNAFIL MP 915-30 B2
with a signalling layer was used for the Mrdzovka tunnel. The
NETEX 800 B2 geotextile was used as a protection layer. The day
joints between the tunnel vault, bridge deck and side walls, which
run in parallel to the centre line of the tunnel tube, are covered with
an additional 500 mm wide reinforcing strip of the membrane. The
waterproofing membrane covering the invert is protected against
damage by an additional 2.5 mm thick layer of the N§-25 membra-
ne. The membrane was welded mechanically using semi-automa-
tons based on the hot wedge principle; details were welded manu-
ally with hot-air electrical machines.

Obr.3 Metro IVCI - injektdZ dvojkolejného tratbvého tunelu
Fig. 3 Metro IVC1 - grouting in the double-track running tunnel




Obr. 4 Tunel Mrdzovka — zkouska pruchodnosti a souvislosti
injekcniho systému

Fig. 4 The Mrdzovka tunnel — testing of the passableness and
continuity of the grouting system

Druhy okruh pojistného systému je uréen pro dodateCnou utésnujici
injektaz v pripadé vyskytu poruch hydroizolaéni vrstvy. Princip feSeni je
velmi podobny tomu, ktery je pouZit u tunelu metra IVC1. V segmen-
tech, vymezenych podélnymi a pfi€nymi sparovymi pasy, jsou rozvede-
ny injekéni a odvzdusSnovaci hadice, které jsou prichyceny k izolaéni
folii a vyvedeny v krabicich centrdlniho vyvodu. Ty jsou osazeny po asi
10 m v opéff tunelu. V misté sparovych pdsu vSak nemusely byt osazo-
véany injek¢ni hadice, protoZe sparové pdsy jiz obsahuji kandlky, které
plni stejnou funkci jako injek¢ni hadice. Bylo pouze potfeba provést
napojeni plnicich hadic na kanélky a jejich zadsténi v krabicich centrél-
niho vyvodu.

AKTIVACE POJISTNEHO SYSTEMU

V pripadé aktivace pojistného systému v tunelu Mrazovka byla situa-
ce podstatné usnadnéna nabytymi zkuSenostmi z tunelu metra IVCI.
Vzhledem k tomu, Ze pojistny systém obou tunelt byl velmi podobny,
bylo moZno provést utésnujici injektdZe obdobnym zpusobem s pouZitim
stejnych hmot, metakryldtovych gela CarboCryl Hv a CarboCryl T.
Tyto prace opét provedla firma MATTEO, spol. s r. 0., ve spolupraci
s CarboTech — Bohemia, s. r. 0., jako dodavatelem injek¢nich hmot.
ZAVER

Na prikladech prodlouZeni trasy metra v dseku IVCI a silni¢niho
tunelu Mrazovka je mozno demonstrovat, Ze doplnéni hydroizolaénich
systému staveb o pojistné injek&ni systémy ma svij vyznam, a to pre-
devsim u mezilehlych féliovych izolaci provedenych po celém obvodu
podzemniho dila (typ ,,ponorka®). Jednoznaéné prispiva k dosazeni pIné
funkénosti hydroizolace, coZ vzhledem k rozsahu popisovanych dél,
slozitym hydrogeologickym podminkdm a dal§im limitnim pozadavkam
by pii standardnim zpusobu provéadéni injek&nich praci znamenalo mno-
hem vy3§i ¢asovou a cenovou ndro¢nost. DuleZitym aspektem pro vybér
technického feseni predloZeného firmou CarboTech — Bohemia, s. 1. 0.,
bylo splnéni pozadavku zachovat pruchodnost pojistného systému i po
provedené injektazi. Tento poZadavek mohl byt splnén jenom diky apli-
kaci metakryldtovych geld CarboCryl a zkuSenostem provadéjici firmy
MATTEO, spol. s . 0.

Hlavni ideou kombinace systému hydroizolace a pojistného injekéni-
ho systému totiZ neni jenom usnadnéni injek&nich praci v dob€ dokon-
Covéni vystavby dila a pred jeho predanim do provozu. Pokud se apli-
kuje takové reSeni, které zachovd funkénost pojistného systému i do
budoucna, je mozno tento systém pouZit v podstaté kdykoli. Tak je
mozno sanovat netésnosti, které se mohou projevit v pozdéjsi dobé
a jsou zpusobeny napf. dotvarovanim dila, zménou vnéjsich podminek
atd. Ale to uZ je jind kapitola.

ING. MICHAL GROSSMANN, MINOVA BOHEMIA, spol. s r. o.
(dfive CarboTech — Bohemia, s. r. 0.)
ING. RADOVAN MATZNER, MATTEQ, spol. s r. o.
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The waterproofing system consists of individual transversal sec-
tions divided by the Fugenband AFI 600/35 MP waterbars installed
in transversal joints. The same waterbars are installed in longitudi-
nal day joints between the invert and upper vault. In both cases the
waterbars are welded on both sides to the waterproofing membrane.
This system divides the tunnel tube length into segments about 7.5
m long. The longitudinal and transversal waterbars were intercon-
nected by welding. Because cross connections of the waterbars
were not allowed, the longitudinal waterbars are continuous, while
the transversal waterbars in the invert structure and in the vault
structure are staggered at one half of the section length.

The backup grouting system consists of two sub-systems. The
first sub-system comprises grouting hoses installed in the upper
vault structure of the secondary lining. Their purpose is to allow fil-
ling of caverns and voids that can originate at the top of the vault
during the casting of the secondary lining. This grouting operation
utilises cementitious grout.

The other sub-system is designed to allow additional sealing
grouting in case of subsequent defects of the waterproofing layer.
The principle of this solution is similar to that applied to the Metro
IVCI station tunnel. Sections bounded by longitudinal and trans-
versal waterbars are provided with grouting and breather hoses atta-
ched to the waterproofing membrane, terminating in outlet junction
boxes. The junction boxes are installed approximately every
10 meters, in the side walls. The grouting hoses were not installed
at the locations of the waterbars because the waterbars themselves
are provided with channels fulfilling the same role as the grouting
hoses. The only necessary operation was to connect one end of the
filling hoses to the channels and the opposite end to the junction
box.

ACTIVATION OF THE BACKUP GROUTING SYSTEM

The activation of the backup grouting system at the Mrdzovka
tunnel site was quite easier owing to the experience gained from the
Metro IVCI1 station tunnel. Because the backup grouting systems of
the two tunnels were very similar, the sealing grouting could be car-
ried out similarly, using the same materials, i.e. the CarboCryl Hv
and CarboCryl T methacrylate gels. The work was again perfor-
med by MATTEO spol. s r. 0., the grouting materials were also
supplied by CarboTech — Bohemia s. r. o.

CONCLUSION

It is possible to demonstrate, using the extension of the Metro
line IVC1 and the Mrazovka tunnel as examples, that the addition
of the backup grouting systems to the structural waterproofing sys-
tems is reasonable, above all in the cases of subsurface structures
provided with an intermediate waterproofing membrane around the
complete circumference (the “umbrella” type). It undoubtedly con-
tributes to achieving full functionality of the waterproofing. Achie-
vement of similar results would mean much higher expenses and
longer time in case of standard grouting methods if we consider the
extent of the above-mentioned works, the given difficult hydrogeo-
logical conditions and other limiting requirements. The important
aspect of the selection of the technical solution submitted by Car-
boTech — Bohemia s. r. 0. was that this solution met the requirement
to maintain the backup grouting system passable even after the
completion of the grouting. This requirement could be met only
thanks to the application of the CarboCryl methacrylate gels, and
owing to the experience of the sub-contractor MATTEO spol. s r. o.
The main idea of the combination of a waterproofing system and
a backup grouting system is not only the simplification of grouting
operations in the phase of the works completion and bringing it into
service. If the chosen solution maintains the functionality of the
backup grouting system even for the future, the system can be used
virtually anytime. In such a case leaks can be removed that may ori-
ginate later, due to e.g. yielding of the structure, changes in exter-
nal conditions, etc. But this is already a new chapter.

ING. MICHAL GROSSMANN,
MINOVA BOHEMIA, spol. s r. o.
(formerly CarboTech — Bohemia, s. r. 0.)
ING. RADOVAN MATZNER,
MATTEO, spol. s r. o.
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VYSTAVBA DIALNICNEHO TUNELA SITINA V BRATISLAVE
SITINA TUNNEL CONSTRUCTION IN BRATISLAVA

MILOSLAV FRANKOVSKY

uvobD

Vystavba dialni¢ného tseku D 2 Lamacska cesta — Staré grunty je
jednou z prioritnych dopravnych investicif na tizemi hlavného mesta
Slovenska Bratislavy. Medzi najzataZenejSie dopravné uzly Bratisla-
vy patri bezpochyby kriZzovatka Patrénka, resp. prijazd do mesta zo
smeru od Brna. RieSenim kritickej situdcie je v sicasnosti budovany
dialni¢ny tdsek celkovej dlzky 3,2 km. Stcastou tseku Lamacskd
cesta — Staré grunty je takmer 1,5 km dlhy dvojrirovy tunel Sitina,
ktory prevedie dialhicu pod kopcom Sitina na spojeni Mlynskej doli-
ny a Lamacskej cesty v smere vyjazdu na dialnicu D2. Usek by mal
byt uvedeny do prevddzky v roku 2006, ¢im sa skompletizuje dial-
ni¢ny obchvat centra mesta.

Celkové investi¢né ndklady celej stavby su viac ako 3,5 miliardy
Sk. Z celkovych nédkladov Cast’ vo vySke 82 % poskytla vo forme
medzivlddnej pdzi¢ky Japonskd banka pre zahrani¢nud spolupricu
(JBIC). Dofinancovanie ndkladov je v plnej vyske garantované Stat-
nym rozpoctom SR.

V medzindrodnom vyberovom konani, ktoré prebiehalo v druhej
polovici roku 2002, bolo spomedzi troch sidtaziacich ako vitaz
vybrané japonsko-Ceské konzorcium Taisei Corporation — Skanska.
Taisei Corporation, organizacnd zlozka Slovakia, je lidrom zdruZe-
nia a zdroven subjektom zodpovednym za realizdciu tunelovych
objektov.

Specifickou skisenostou je pre viacerych ucastnikov vystavby
fakt, Ze zmluvné podmienky na vykonanie diela vychddzaji z pod-
mienok medzindrodnej federdcie konzulta¢nych inZinierov FIDIC,
pricom zmluvnym jazykom je anglictina.

Hlavn{ dc¢astnici vystavby sud nasledovni:

@ Investor stavby: Slovenska sprdva ciest
@ Projektant stavby:  Dopravoprojekt, a. s., Bratislava
(Infraprojekt, s. r. 0., pre tunelové objekty)
® Geotechnicky
dozor:
@ Zhotovitel:
® Podzhotovitelia:

InZinierske zdruZenie Sitina

Joint Venture Taisei — Skanska

Skanska — BS, a. s., Prievidza

(razenie tunelovych objektov)

Viéhostav — TSZ, a. s. (definitivne

tunelové konstrukcie)

Terraprojekt, a. s. (realizacnd dokumentdcia
tunelovych objektov)

ZAKLADNE TECHNICKE UDAJE

Tunel Sitina bude tvoreny dvomi tunelovymi rdrami s jednosmer-
nou premdvkou. Vyhladové dopravné zatazenie prekracuje podla
dopravno-inzinierskych podkladov hodnotu 20 000 vozidiel za
24 hodin v oboch smeroch uz v predpokladanom roku uvedenia tune-
la do prevadzky.

Zakladné technické parametre tunela si nasledovné:

@® Dopravny priestor: 7,5 x 4,8 m

® Plocha vyrubu: 79 — 98 m? (Standardny profil)

@ DI7ka tunela: 1415 m (vychodna tunelova rira)
1440 m (zdpadna tunelova rira)

Objekt tunela / Tunnel Structure

HIlbeny tunel v aredli SAV / Cut-and-cover tunnel in the SAV premises

Razeny tunel / Mined tunnel

Hibeny tunel pri juZznom portdli / Cut-and-cover tunnel at southern portal

CELKOM / TOTAL

Tab. 1 Rozdelenie tunelovych rir na tiseky podla technologie vystavby

INTRODUCTION

The construction of the D2 highway section Lamacskd Cesta — Staré
Grunty is one of priority traffic investment actions in the capital city
of Bratislava. The Patrénka intersection (or the road access to the city
from Brno) belongs undoubtedly among Bratislava’s most trafficked
nodes. The currently under construction 3.2 km long highway section
is designed to solve the critical situation. The 1.5 km long Sitina tun-
nel is part of the Lamacskd Cesta — Staré Grunty section. This twin-
tube tunnel will get the highway to the other side of Sitina Hill, to
a road interconnecting Mlynskd Dolina and Lamacskd Cesta, in the
direction of the exit to the D2 highway. The inauguration of this secti-
on, scheduled for the year 2006, will mean completion of the highway
by-pass of the city centre.

The total capital cost of the project is in excess of 3.5 billion SK.
The Japanese Bank for International Cooperation (JCIB) provided
82 % of the total cost, in a form of an intergovernmental loan. Rema-
ining part of the cost is fully guaranteed by the state budget of the
Slovakian Republic.

The international tender, which took place in the second half of
2002, attracted three bidders. Eventually, the contract was awarded to
the Japanese-Czech consortium Taisei Corporation — Skanska. The
Taisei Corporation’s Slovakian branch is the leader of the joint ventu-
re and, in the same time, the subject responsible for construction of the
tunnel structures.

Specific experience for more participants is the fact that the contract
conditions are based on the FIDIC conditions, and the contract langu-
age is English.

The main project parties are as follows:

@ Client: Slovenskd sprdva ciest
(Slovakian Road Administration)
® Designer: Dopravoprojekt a. s., Bratislava

(Infraprojekt s. r. o. for tunnel structures)
@® Geotechnical
supervision:
@® Contractor:
@ Sub-contractors:

InZinierske zdruzenie Sitina

Joint Venture Taisei — Skanska
Skanska — BS a. s. Prievidza
(tunnel excavation)

Vihostav — TSZ a. s. (final lining)
Terraprojekt a. s.

(detailed design for tunnels)

BASIC TECHNICAL DATA

The Sitina tunnel will consist of two tubes carrying unidirectional
traffic. According to traffic engineering documents, there is a prospect
that the traffic intensity will amount to 20,000 vehicles per 24 hours
in both directions as early as the anticipated year of the tunnel
inauguration.

Basic technical parameters of the tunnel are as follows:

@ Traffic clearance: 75x4.8m
@ Excavated cross

section area: 79 — 98 m? (standard profile)

Zapadna tunelova rira / WIT Vychodna tunelova rira / ETT

201 m 216 m
1189 m 1159 m
50 m 40 m
1440 m 1415 m

Table 1 Division of the tunnel tubes into sections according to the construction methods




Primérne ostenie (striekany betén)
Primary lining (shotcrete)

Geotextilia / Geotextile

Plosna izolacia z PVC
resp. PE félie min. 2 mm
PVC or PE waterproofing
‘-Qnembrane, min. 2 mm thick

Sekundarne ostenie
Secondary lining

Obr. 1 Vzorovy priecny rez tunela — iisek so spodnou klenbou
Fig. 1 Standard Tunnel Cross Section — with invert section
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Obr. 2 Juzny portdl v Mlynskej doline
Fig. 2 Southern Portal in Mlynskd Dolina
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@ Nidzové zélivy:

@ Prie¢ne prepojenia:
@® SOS vyklenky:

® Poziarne vyklenky:
@ Vetranie:

1 zaliv dIzky 40 m v kazdej tunelovej rire
5

spravidla kazdych 150 m

spravidla kazdych 90 m

pozdlZzne

Obe tunelové riry si rozdelené na tseky budované razenim
a hlbené tseky budované v otvorenej stavebnej jame pri oboch por-
tdloch, ktoré budu ndsledne zasypané.

Obr. 3 Severny portdl s budovanymi konstrukciami hlbeného tunela
Fig. 3 Northern Portal with Cut-and-Cover Tunnel
under Construction

1415 m (eastern tunnel tube)
1440 m (western tunnel tube)
® Emergency laybys: 1 lay-by 40 m long in each tube
@ Cross passages: 5
@® SOS niches: usually every 150 m
@ Fire niches: usually every 90 m
@ Ventilation: longitudinal
Both tunnel tubes are divided into mined sections and cut-and-cover
sections (at both portals).

GEOLOGY

The Sitina tunel is excavated through a granitoid massif of Sitina
Hill found at the end of the Low Carpathians, at the contact with the
Lamacsky Pass. From lithological aspect, the structure of the Sitina
massif is simple. The surface is covered by anthropogenic fills, with
a continuous layer of Quaternary sediments. The thickness of this layer
usually varies between 2 to 4 m. The surface of this granitoid massif is
heavily weathered. The granitoid massif consists of muscovite-biotite
granites and granodiorites, with frequent occurrence of pegmatite
veins, and interbeds of crystalline schist - biotite paragneiss. Regar-
ding the physical condition, the rock environment is highly heteroge-
neous, ranging from relatively sound rock to intensively faulted and
deeply weathered interbeds of semi-rock to ground.

The overburden of both tunnel tubes is very shallow along the enti-
re tunnel length, with maximum values about 30 m, and local minima
at surface depressions about 10 m.

@ Tunnel length:

Ocelové mikropiloty pr. 114 mm dl. 12 m, 55 ks
55 steel micropiles DN 114 mm, 12 m long

.
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DlZka zaberu v kalote max. 0,8 m
Maximum top heading advance length 0,8 m

— Maximum bench advance length 1,6 m
DIZka zaberu spodnej klenby 2,0 m
Invert advance length 2,0 m

Striekany betén

hr. 100 mm
. Shotcrete
Niveleta 100 mm thick
Vertical alignment
Obr. 4 Postup razenia a vystrojenia
—
A M Rampa / Ram . . .
! Dlzka zébéru stupiia max. 1,6 m P P v mieste severného portdlu

Fig. 4 Excavation and Support
Sequence at the Northern Portal
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GEOLOGICKE POMERY

Tunel Sitina je razeny v granitoidnom masive pahorku Sitina
nachddzajiceho sa na ukonc¢eni Malych Karpat v styku s Lamacskym
prielomom. Z litologického hladiska je stavba masivu Sitina jedno-
duchd — povrch pokryvaji antropogénne navazky, pod ktorymi sa
nachadza suvisld vrstva kvartérnych sedimentov. Hribka vrstvy sa
spravidla pohybuje v rozmedzi 2 aZ 4 m. Povrch vlastného granito-
idného masivu je intenzivne zvetrany. Granitoidny masiv tvoria mus-
koviticko-biotitické granity a granodiority s ¢astym vyskytom peg-
matitovych Zil a s polohami krystalickych bridlic — biotitickych para-
ril. Z hladiska fyzického stavu ide o velmi heterogénne horninové
prostredie, od relativne zdravych hornin aZ po vyrazne tektonicky
porusené a hlboko zvetrané polohy charakteru poloskalnych hornin
az zemin.

Nadlozie oboch tunelovych rir je v celej dlzke razenia velmi
nizke, s maximdlnymi hodnotami priblizne 30 m a s lokdlnymi mini-
mami v terénnych depresiach okolo 10 m.

Pre realizéciu tunela je najpodstatnejSou ¢rtou nerovnorodost hor-
ninového masivu, podmienend pritomnostou tektonickych portch
rozneho charakteru. NajvyraznejSie sa tektonické poruSenie masivu
prejavuje nepravidelnymi zénami rdznej mocnosti az do niekolkych
metrov. V blizkostiu tektonickych zén st horniny silne alterované,
miestami intenzivne mylonitizované (najmi ide o krystalické bridli-
ce). Na krizovani tektonickych linii je ¢astym javom vypaddvanie
blokov horniny z ¢ela i stropu vyrubu.

Horninovy masiv je suchy, podzemnd voda v fiom je len zrdzko-
vého povodu, pricom jej pritomnost’je viazana na polohy zvetranych
z6n hornin.

PROJEKTOVE RIESENIE TUNELOVYCH OBJEKTOV

Stcastou podkladov pre sitaZz na obstaranie zhotovitela stavby
bola projektovd dokumentdcia spracovand projektantom investora
v podrobnosti realizacnej dokumentacie. Zhotovitel Tasiei Corpora-
tion a jeho zmluvni partneri sa po jej preStudovani stotoZnili s potre-
bou jej modifikdcie, najmé v Castiach tykajicich sa razenia tunelo-
vych rur.

Na zdklade vyberového konania vybral zhotovitel inZiniersku kan-
celdriu Terraprojekt, a. s., Bratislava ako svojho zmluvného partnera
pre spracovanie modifikdcie a doplnenia realizanej projektovej
dokumentdcie a dokumentdcie skutocného vyhotovenia stavby.
Okrem zmien, na ktorych sa dohodli zhotovitelské firmy, pribudli aj
zmeny vyplyvajlice z novych poziadaviek investora stavby, zmeny
spdsobené odlisSnymi podmienkami na stavbe (napr. geologickymi),
a tiez doplnenie technickych rieSeni tych detailov, ktoré v predos§lom
stupni dokumentéacie chybali.

RAZENIE A VYSTROJENIE TUNELOVYCH RUR

Prace na vystavbe tunelovych objektov sa zacali v lete roku 2003
vybudovanim docasnych tunelovych portdlov na juhu v Mlynskej
doline ako aj na severe v aredli Slovenskej akadémie vied. Najmi
juzny portdl pre razenie tunelov predstavoval technicky ndroc¢ny

Obr. 5 Vylomové prdce pod mikropilétovym ddaZdnikom v mieste severného
portdlu
Fig. 5 Excavation under the Micropile umbrella at the Northern Portal
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The most significant feature in terms of the tunnel construction
is the inhomogeneity of the rock mass resulting from various kinds
of faulting. The most expressive manifestations of faulting of the
massif is the existence of irregular zones with varying thickness
amounting to several meters. The rock mass in the vicinity of the
faults are significantly altered, locally intensively mylonitised
(crystalline schist above all). A phenomenon of rock blocks falling
down from the excavation face and roof is frequent at the crossing
of tectonic lines.

The rock mass is dry, groundwater of a rainfall origin only can
be encountered, while its presence is restricted to the locations of
the weathered rock zones.

DESIGN OF TUNNEL STRUCTURES

The design documentation elaborated by the client’s consulting
engineer at the detailed design level was contained in the docu-
mentation of the tender package. Once they had studied this, the
contractor Taisei Corporation and the sub-contractors arrived at the
conclusion that the design had to be modified, above all its parts
concerning the excavation of the tunnel tubes.

Based on a tender, the contractor chose Terraprojekt, a consul-
ting office, as a sub-contractor for the modification of and a supp-
lement to the detailed design and as-built design. In addition to the
changes agreed between the contractor and sub-contractors, other
changes occurred due to new requirements of the client, due to dif-
fering site conditions (e.g. geology), and also additions of techni-
cal solutions of details missing in the previous design package.

EXCAVATION AND SUPPORT
OF THE TUNNEL TUBES

The construction of the tunnel structures started in the Summer
of 2003, by the erection of temporary tunnel portals in the south in
Mlynskd Dolina, and in the north in the premises of the Slovakian
Academy of Sciences (SAV). The southern portal especially repre-
sented a technically difficult structure in terms of tunnel excavati-
on. Nearly 40 thousand cubic metres were dug off, while the tech-
nical solution had to be modified due to geological conditions dif-
fering from those anticipated in the tender documents.

The excavation of both tunnel tubes started from the southern
portal in Mlynskd Dolina at the end of 2003. In 2004, an initial
30 m section of the eastern tunnel tube was excavated from the
northern portal, and the western tunnel tube excavation commen-
ced. The western tunnel tube should be broken through in the win-
ter months of 2005, as the first of the two tubes.

Primérne ostenie (striekany betén)
Primary lining (shotcrete)
Geotextilia / Geotextile

Plosna izolacia z PVC
resp. PE folie min. 2 mm
PVC or PE waterproofing
membrane, min. 2 mm thick

Sekundarne ostenie B30
hr. 300 mm
Secondary lining, C30,
300 mm thick

Filtra¢ny beton
No-fines concrete
Drenaz DN 150
Side drainage
DN 150 mm

Zakladovy pas B30
Strip foundation C30

Podkladovy betén B20
Concrete blinding C20

Obr. 6 Vzorovy priecny rez tinikovej cesty
umoZiiujiicej prijazd zdsahovej jednotky

Fig. 6 Standard Cross Section of Escape route allowing access
of Fire Brigades




Obr. 7 Napojenie tinikovej cesty vo vychodnej tunelovej riire
Fig. 7 Connection of the Escape route in the Eastern Tunnel Tube

objekt s celkovou kubatirou odkopov takmer 40 tisic m3, pri ktorom
bolo potrebné modifikovat  technické rieSenie vzhladom na odlisné
geologické pomery od tych, ktoré predpokladali sitazné podklady.

Obe tunelové riry sa zacali razit' od juzného portdlu v Mlynskej
doline na prelome rokov 2003 a 2004. V roku 2004 bol vyrazeny
zérodok vychodnej tunelovej riry v dlZzke cca 30 m od severného
portélu a zacdala sa razit zapadnd tunelovd rdra. Prvou prerazenou
by teda v zimnych mesiacoch roku 2005 mala byt zdpadnd tunelo-
va rura.

Postup pre razenie a vystrojenie vyrubu bol v sttaznych podkla-
doch stanoveny pre pit’ vystrojovacich tried (I az V), pricom trieda
V je rozc¢lenend do tried Vb v priportdlovych tsekoch, Vb v tekto-
nickych poruchach a Va. Horninové prostredie bolo v sttaznych pod-
kladoch pozdlZ osi oboch tunelovych rir rozdelené do homogénnych
usekov, ktorym zodpovedali jednotlivé triedy vystrojenia. Rozdele-
nie vychddzalo z vysledkov inZiniersko-geologického a hydrogeolo-
gického prieskumu, ako aj dalsich relevantnych tdajov, napr. vysky
nadloZia nad tunelmi.

Modifikovany ndvrh zachoval ¢lenenie vyrubu na kalotu, lavicu,
pripadne spodni klenbu, pri¢om ale zmenil vysku jednotlivych casti.
Vzhladom na pouZitie mechanizovanych prostriedkov bola zvolena
jednotnd vyska kaloty pre vSetky vystrojovacie triedy. Okrem toho sa
vo vystrojovacich triedach III a IV uvazuje so spodnou klenbou len
eventudlne, pri¢om rozhodnutie sa prijima na zdklade hodno6t name-
ranych deformdcii a posidenia konkrétnych podmienok dseku. Vo
vSeobecnosti plati, Ze spodnd klenba bola, resp. bude zriadend v pri-
portdlovych tsekoch a v dsekoch tektonickych poruch. Celkovo je
mozné predpokladat, Ze asi 20 % dIzky tunelovych rir bude mat pro-
fil so spodnou klenbou.

Modifikovany ndvrh zahinal ako prostriedky predzaistenia ocelo-
vé ihly dl. 4 m pre triedy III a IV a mikropil6ty profilu 114 mm,
dlZky 12 m pre priportdlové tseky tried Va, Vb, resp. tseky v tekto-
nickych poruchdch. Pre zaistenie Cela sa okrem striekaného beténu
a opornych klinov uplatnilo aj pouZzitie IBO kotiev podla potreby.

Primdrne ostenie zo striekaného beténu bolo navrhnuté v hribkach
od 100 do 250 m s vystuZenim jednou alebo dvomi vrstvami ocelo-
vych sieti a priehradovymi ocelovymi skruzami Arcus. Dal§im prv-
kom je systematické radidlne kotvenie vyrubu SN kotvami dlZky
4 a 6 m. DIZka zdberu variuje podla triedy od 0,8 do 3,0 m.

Vzhladom na skuto¢né pomery horninového masivu je aj modifi-
kované projektové rieSenie upravované pocas razenia. NajCastejSie
pouzivanymi sd vystrojovacie triedy III a IV s dlZzkou zdberu
1,5 m a 1,0 m. Na zdklade nameranych deformdcii vyrubu sa pocas
razenia obe triedy modifikovali, pricom boli zniZované najméa pocty
a dIzky radidlnych kotiev.

Viacndsobne opakované problémy s vypaddvanim horniny zo stro-
pu a Cela vyrubu aj v podmienkach, kde neboli ocakdvané ani indi-
kované doplnujicimi prostriedkami vyskumu, museli byt rieSené
dcastnikmi vystavby kvoli zvySeniu bezpecnosti ako aj elimindcii
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Five support classes (I to V) were specified in the tender docu-
ments for the tunnel excavation and support, with the class V sub-
divided to class Vb for portal sections, Vb for faulted rock, and Va.
The tender documents divided the rock environment along the
centre lines of the two tunnel tubes into homogeneous sections
with corresponding support classes assigned. The division was
based on results of the engineering-geological and hydrogeological
investigation, as well as other relevant data, e.g. the overburden
depth.

The modified design left the face division unchanged, i.e. the top
heading, bench and invert (if required), but it changed the height
of the individual parts. To allow utilisation of tunnelling equip-
ment, a uniform height of the top heading was adopted for all sup-
port classes. In addition, the invert structure for support classes 111
and IV is considered as an option only. The decision is made on the
basis of the measured deformation values, and the assessment of
particular conditions in the given section. Generally, the invert was
or will be provided in the portal sections and sections passing
through tectonically disturbed zones. In general, it can be expected
that about 20 % of the length of the tunnel tubes will have the
invert.

According to the modified design, the pre-support system con-
sisted of 4 m long steel spiles for classes III and IV, and 12 m long,
114 mm-diameter micropiles for classes Va and Vb in the portal
sections and sections passing through tectonic disturbances. In
addition to shotcrete and support wedges, the face was supported
by IBO anchors if needed.

The primary shotcrete lining was designed with the thickness
ranging from 100 to 250 mm, reinforced with one or two layers of
steel mesh and the Arcus lattice girders. Another element is the
systematic radial anchoring using SN anchors 4 and 6 m long. The
round length varies from 0.8 to 3.0 m, depending on the class.

Even the modified design is, however, changed in the course of
the excavation, according to the actually encountered geology. The
support classes III and IV with the round lengths of 1.5 and
1.0 m are the most frequent. The two classes were modified during
the excavation with respect to the measured deformations of the
excavated opening; reducing the numbers and lengths of the radial
anchors was the most frequent measure.

The multiple repeated problems of the rock falling from the roof
and face of the excavation even in conditions where they had not
been expected nor indicated by additional means of research, had
to be solved by the participants of the construction, with the aim of
improving safety and elimination of time and cost consequences.
The solution was found in systematic strengthening of the pre-sup-
port of the roof and the anchoring of the excavation face. Selfdril-
ling rock bolts 8m long are used in addition to 4 m-long spiles,
with the grouting of the rock mass ahead of the excavation face.

The contractor’s scope of work also contains geotechnical moni-
toring. The monitoring in the tunnel tubes comprises convergence
measurements, extensometer measurements, and measurements of
stresses. The maximum values of deformations of 60 mm were
measured in the sections of surface depressions above the eastern
tunnel tube. Apart from those measurements, measurements of
deformations of the portal walls and inclinometer measurements
are carried out, as well as measurements of the surface deformati-
ons above the tunnel tubes. A specific situation occurred at the
northern portal where the tunnel tube crosses a high-pressure gas
pipeline closely underneath, without any possibility of changing
the pipeline structure. Measurements of deformations of the pipe-
line carried out during the undermining operation did not prove the
settlement to exceed the critical value of 30 cm determined by
a calculation.

FINAL STRUCTURES OF THE TUNNEL TUBES

The load bearing structures of the cut-and-cover tunnels are cur-
rently being erected at both tunnel portals. In addition, also a part
of the secondary lining of the western tunnel tube, from the sout-
hern portal, has been completed. The concurrent excavation and
secondary lining casting operations are now underway in this tube.

The secondary lining of the mined tunnel tubes is designed from
concrete B20, 300 mm thick, with steel reinforcement applied wit-
hin a part of the length found in the worst geological conditions.
The lining within the sections containing the emergency laybys is
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casovych i ndkladovych dopadov. RieSenie spociva v systematickom
zosilneni predzaistenia stropu ako aj kotvenia cela vyrubu. Okrem
4 m dlhych ihiel sa pouzivaji 8 m dlhé samozavrtivacie kotvy, pri-
¢om sa masiv pred ¢elom vyrubu injektuje.

Sucastou prac vykondvanych zhotovitelom je aj geotechnicky
monitoring, ktory v tunelovych rdrach zahiiia merania konvergen-
cif vyrubu, extenzometrické merania a merania napiti. Maximdlne
hodnoty deformdcii vyrubu cca 60 mm boli namerané v tisekoch
terénnych depresii nad vychodnou tunelovou rirou. Okrem toho sd
na oboch portdloch vykondvané merania deformdcii stien portdlov
a inklinometrické merania a tieZ merania deformdcii povrchu nad
tunelovymi rdrami. Specifickd situdcia nastala na severnom porté-
li, kde tunelova rura prechddza tesne pod vysokotlakym plynovo-
dom, kde uZ nebol moZzny Ziadny zdsah do konstrukcie plynovodu.
Merania deformdcii na potrubi nepreukdzali poCas razenia prekro-
Cenie vypoctom stanovenej kritickej hodnoty sadnutia 30 mm.

DEFINITIVNE KONSTRUKCIE TUNELOVYCH RUR

Nosné konStrukcie hlbenych tunelov st v sicasnosti budované na
oboch portaloch tunela. Okrem nich je vybudovana i ¢ast’ sekundar-
neho ostenia zdpadnej tunelovej riry razeného tunela od juZného
portdlu. V nej v sicasnosti prebiehajui prace na razeni a sekundarnom
osteni v subehu.

Sekundarne ostenie razenych tunelov je navrhnuté z beténu B30
hribky 300 mm, pricom vystuZend je len Cast’ dlZky s najnepriazni-
vej$imi geologickymi podmienkami. Ostenie v nidzovych zélivoch
je zo zelezobeténu hribky 350 mm. DIZka blokov sekunddrneho
ostenia je spravidla 10 m. KonsStrukcia hlbenych tunelov je zo Zele-
zobeténu hribky 450 azZ 600 mm, pri¢om rozdielne dimenzie vyply-
vaju z odliSnych podmienok zataZenia na oboch portdloch.

Po dobudovani sekunddrneho ostenia pridu na rad konstrukcie
chodnikov s kdblovymi trasami a ndsledne vozovka s cementobetd-
novym krytom.

BEZPECNOSTNE STAVEBNE UPRAVY

Zakladny koncept bezpe¢nostnych stavebnych dprav bol navrhnu-
ty tak, aby vyhovoval poziadavkam slovenskej technickej legislativy.
Okrem toho bolo potrebné preverit silad rieSenia s pripravovanou
Smernicou eurépskeho parlamentu o minimdlnych bezpecnostnych
poziadavkach na tunely Transeurdpskej cestnej siete. Smernica vstu-
pila do platnosti publikovanim dna 29. 4. 2004 ako zdvizny doku-
ment pre vSetky Clenské Staty Eurdpskej tnie.

Jedingm bodom, v ktorom koncepcia nezodpovedala poziadav-
kam smernice, bola povinnost umoznit pristup zdsahovym jednot-
kdm z druhej tunelovej riry. Nakolko STN 73 75047 nepoznd
podobny profil a smernica ho tieZ priamo neurcuje, pouzil sa profil
podla rakiskej smernice RVS 9.282 s priechodnym prierezom
3,6 x3,5m.

Hoci bolo pévodnym zdmerom vybudovat jedno priecne prepoje-
nia so zvi¢¥enym profilom, napokon boli takto vyrazené aj dalSie
priecne prepojenia, nakolko tieto sliZili pocas sibehu pric pri raze-
ni a budovani sekunddrnych konstrukcii.

ZAVER

Vystavba tunela v Specifickych podmienkach predstavovanych
viacerymi aspektmi (medzindrodny doddvatelsky systém, kompliko-
vané horninové pomery, intravildn mesta) priniesla dcastnikom
vystavby mnoZstvo zaujimavych poznatkov a skdsenosti. Oc¢akdva-
me, Ze v budicich rokoch bude dostatok prileZitosti na zhodnotenie
tychto skisenosti pri vystavbe dalsich tunelov nielen v zahraniéi, ale
i na Slovensku.

ING. MILOSLAV FRANKOVSKY, TERRAPROJEKT, a. s.

Literatura / References

Obr. 8 Usek tunela s hotovym sekunddrnym ostenim
Fig. 8 Tunnel Section with the Secondary Lining Completed

350 mm thick, from reinforced concrete. The casting blocks of the
secondary lining are usually 10 m long. The structure of the cut-
and-cover tunnels is from reinforced concrete, with the thickness
ranging from 450 to 600 mm. The difference in the dimensions fol-
lows from differing conditions at the two portals. Once the secon-
dary lining has been completed, the pavements with cable runs will
follow, and subsequently the carriageway with a concrete pave-
ment.

TUNNEL SAFETY

The basic tunnel safety conception was designed in compliance
with the requirements of Slovakian technical legislation. In additi-
on, it was necessary to check its compliance with the Directive of
the European Parliament on minimum safety requirements for tun-
nels in the Trans-European road network. The directive came in
effect by its publishing on 29 April 2004, as a document binding
for all EU member states.

The only item which contradicted the requirements of the Direc-
tive was the obligation to make the access of fire brigades possib-
le from the other tunnel tube. Because the Slovakian standard STN
73 75047 does not know a similar profile, nor does the Directive
specify it, the profile according the Austrian directive RVS 9.282
was used, with the 3.6 x 3.5 m clearance.

Despite the fact that the original intention was to provide only
one cross passage with an enlarged profile, eventually additional
cross passages were excavated. They were also used during con-
current work on the secondary structures and the excavation ope-
rations.

CONCLUSION

The construction of this tunnel in specific conditions (internati-
onal team of contractors, complicated geological conditions, the
work in a built-up area) became a source of many interesting pie-
ces of knowledge and experience for the participants. We expect
that there will be enough opportunities in the future for appreciati-
on of this experience in the construction of other tunnels not only
abroad, but also in Slovakia.

ING. MILOSLAV FRANKOVSKY, TERRAPROJEKT, a. s.
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ROZPOJOVANI HORNIN REZNYMI NASTROJI RAZICICH STROJU

ROCK DISINTEGRATION WITH CUTTING TOOLS
OF CUTTER BOOM MACHINES

JAROSLAV VASEK

PREDMLUVA

S dctou je mozno se vyjadrit ke skuteénosti, Ze fezné nastroje a fezné
orgdny byly zplozeny pfirodou a rozvinuty do dokonalé formy pred
mnoha stovkami miliénu let ve tvaru zubu a Celisti pravékych zvitat.
Proces rozpojovéni materidla v podobé rozmélniovani potravy se stal
Zivotné dulezitym procesem umoZnujicim nasycenf a preZiti. Bez nad-
sdzky lze Tici, Ze rozpojovani materiald, chdpéno v Sirokém smyslu
tohoto slova (brouseni, $tipani, fezdni, délenf), patiilo k jedné z prvot-
nich vyrobnich Cinnosti ¢lovéka. Na pocétku svého vyvoje vyvinul
kamenné, pozdé€ji kovové ndstroje a rozvinul proces rozpojovani hornin.
Spolu s ohném a vodou mohl uvoliiovat a rozpojovat horniny nachéze-
jici se na povrchu, ale i pod povrchem zemé, pretvaret je na dalsi uZit-
kové materidly a vyvijet stile dokonalejsi fezné néstroje [1]. Diky tomu
doslo také k rozvoji jeho manudlni zru¢nosti, mysleni i ke zdokonalo-
véni procesu dorozumivani.

1. UvoD

Cilevédomy rozvoj feznych ndstroju umoznil Elovéku stéle efektivnéji
rozpojovat materidly a postupné téZit a zpracovavat uzitkové nerosty ze
stdle vetsi hloubky. Pres vyndlez trhaviny a rozvoj trhaci techniky, pozdéji
valivych dldt, podafilo se zavést a zdokonalit strojni rozpojovani pomoci
feznych ndstroju. Rezné ndstroje nachézeji stdle Siroké uplatnéni pii roz-
pojovéni a déleni materidld. K jedné z nejsirSich aplikaci patii fezani (déle-
ni a opracovanf) hornin, kovu a dfeva. Rezné néstroje jsou neodmyslitel-
nymi néstroji pri déleni potravin, jsou nepostradatelnym néstrojem chirur-
gl. Zdokonalovéni feznych néstroji probihd proto v mnoha odvétvich pru-
myslu. Vysledky a zkuSenosti s jejich zdokonalovanim jsou vzdjemné vyu-
Zivéany. Proces interakce fezného ndstroje s materidlem, a to i s horninou,
se stal oborem poskytujicim prostor pro hluboké teoretické analyzy, pro
aplikace nejnovéjsich a nejmodernéjsich védeckych postupt fyzikd, mate-
matikd, odbornikll z oblasti strojirenstvi a montdnnich véd, vyzkumu

Obr. 1 Zdkladni geometrie zubu a Feznych ndstroju: 1 — tiroveni napéti,

2 — aktivni sila, 3 — hrot, 4 — brit, 5 — kuZel, 6 — dldto

Fig. 1 Basic design of teeth and cutting tools: 1 — stress level, 2 — active
strength, 3 — point, 4 — cutting edge, 5 — cone, 6 — chisel

FOREWORD

We can speak with respect about the fact that cutting tools and cutting
organs were produced by Nature, and developed into a perfect form
many hundreds of millions years, assuming a shape of teeth and jaws of
primitive animals. The process of disintegration of materials when food
is being crushed became an essential to life, allowing nutrition and sur-
vival. It is possible to say, without exaggeration, that disintegration of
materials, understood in a wider meaning of this word (grinding, split-
ting, cutting, dividing), belonged among first productive activities of
a human being. At the beginning of their development, people develo-
ped stone tools, then metal ones, and started the process of rock disinte-
gration. Together with water and fire, they were able to loosen and disin-
tegrate the rock found on the surface, but also under the ground surface,
to convert it into other useful materials, and develop ever better cutting
tools [1]. Owing to this fact, also their manual skill and thinking deve-
loped, and the communication process improved.

1. INTRODUCTION

Systematic development of cutting tools allowed man to disintegrate
materials ever more efficiently, and, step by step, get and process mine-
rals from ever deeper depths. Despite the invention of explosives and
development of blasting techniques, followed by disc cutters, also
mechanical disintegration with cutting tools was introduced and impro-
ved successfully. Cutting tools are still widely used in disintegration and
splitting of materials. Rock, metals and wood cutting (splitting and pro-
cessing) belongs among the widest applications. Cutting tools are neces-
sary for portioning food, they are indispensable tools used by surgeons.
Improvement of cutting tools therefore takes place in many industrial
branches. Results and experience are shared. The process of a cutting
tool interaction with material, with rock as well, has become an indu-
strial branch offering sufficient room for in-depth theoretical analyses,
for applications of state-of-the-art scientific procedures used by physici-
ans, mathematicians, experts in the field of mechanical engineering and
montane sciences, space research, but also of medicine and other inter-
related branches. Today this is an interdisciplinary field covering not
only the issues of action of forces, but also thermal stress, efficient coo-
ling, 3D modelling of the process of multi-component system interacti-
on, material engineering, application of new physical principles, new
manufacturing technologies. The rock disintegration process, which
a wide range of civil engineering activities in the earth’s crust starts
with, both on the surface and underground (construction of railway and
road bridges, urban subways, utility tunnels of all kind, underground
storages, generating plants, water and sewage treatment plants, but also
repositories of nuclear waste) is likely to be very useful even in the futu-
re, in surface and underground construction in rock masses of other pla-
nets of our solar system and the universe. Cutting tools and cutting sys-
tems with such a long history and favourable perspective can therefore
play their role even in the distant future. Work tasks focused on the furt-
her broadening of knowledge of the ROCK-CUTTER interactive system
and the continued increasing of its efficiency with the assistance of high-
energy water jet [2,3], and new physical principles of material disinte-
gration [4] are issues worthy of continuing human efforts.

Out of a wide scale of possibilities to disintegrate rock, this paper
deals with mechanical disintegration using cutting tools mounted on cut-
ter boom machines (roadheaders), i.e. on cutting organs (cutterheads) of
the machines rotating either about the axis of the boom or about an axis
perpendicular to the boom axis.

2. DESCRIPTION OF THE CUTTING TOOL FUNCTION

Worth mentioning is the fact that the original geometry of both pointed
“canine” and blade-like “cutter” teeth, which was invented and introduced
into life by Nature, has been maintained for the whole time of their
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Obr. 2 Stavba zubu: 1 — sklovina,
2 — zubovina (dentin), 3 — dreri,
1 4 — cementovd vrstva pro uchyceni
v zubnim luZku, 5 — cévni nervovy
systém, 6 — luzko zubu
Fig.2 Tooth composition: 1 — enamel,
2 2 — dentine, 3 — pulp, 4 — cement
layer for embedment in the socket,
5 — vessel and nervous system,
6 — tooth socket

vesmiru, ale i z oblasti mediciny a dalsich ndvaznych oboru. Jde dnes
o interdisciplindrni problém zahrnujici nejen problematiku silového puso-
beni, ale i tepelného namdahani, Gcinného chlazeni, modelovani procesu
interakce vicekomponentni soustavy v prostoru, materidlového inZenyr-
stvi, aplikaci novych fyzikdlnich principt, novych technologif vyroby. Pro-
ces rozpojovani hornin, jimZ dnes zacind Sirokd Skdla inZenyrské povrcho-
vé i podpovrchové Einnosti v zemské kiife (stavby Zelezni¢nich a silni¢nich
tunelt, méstskych podzemnich drah, kolektort vSeho druhu, podzemnich
zdsobnik, elektrarenskych kapacit, Eisticich stanic, ale i skladist’ jaderné-
ho odpadu), bude pravdépodobné velmi uZzite¢ny i v budoucnu pri realiza-
ci povrchovych i podpovrchovych staveb v horninovych vrstvich jinych
planet nasi slune¢ni soustavy i vesmiru. Rezny ndstroj a fezné systémy
s dlouhovékou historif i pfiznivou perspektivou mohou proto sehrdt svou
tilohu i v daleké budoucnosti. Prace zaméfené k dal§imu prohluboviéni zna-
losti o chovani interaktivni soustavy HORNINA — REZNY NASTROJ
a dal$imu jejimu zefektiviiovéni v asistenci s vysoce energetickym vodnim
paprskem [2, 3] a novymi fyzikdlnimi principy dezintegrace materilt [4]
jsou problémy hodné dalstho lidského usili.

Z §iroké skdly moznosti jak rozpojovat horniny se predmétny ¢lanek
zabyvd strojnim rozpojovanim feznymi ndstroji, kterymi jsou vybavo-
véany razici stroje s feznymi orgdny otdcejicimi se kolem osy vylozniku
a kolem osy kolmé k ose vylozniku.

2. POPIS FUNKCE REZNEHO NASTROJE

Za zminku stoji skute¢nost, Ze puvodni geometrie zubu ,8pi¢dku‘
a ,fezdku®, vynalezena a zavedena v Zivot prirodou, byla uchovéna po
celou dobu vyvoje a je aplikovana jako efektivni geometrie pri opracovani
materidli (kovu, dfeva, hornin, ale i potravy), pro pronikdni vzduchem
(projektily, Cela raket — kuZelovity tvar), vodou (pfidé lod{ — britovy tvar).

Analyza geometrie ,,$pi¢dku” a ,fezdku“ ukazuje, Ze jde o geometrii,
kterd umoznuje prenos velké sily (akce) a potfebného napéti k rozruSeni
rozpojovaného materialu. Je to umoZznéno postupnym zmen§ovanim pru-
fezu fezného ndstroje a rustem napéti az do hrotu ¢i bfitu (obr. 1). Napéti
je transformovdno ve formé kontaktniho napéti do rozpojovaného materi-
dalu. Kontaktni plocha hrotu je obvykle mensi nez kontaktni plocha britu,
proto i kontaktni napéti vyvolané hrotem je vyssi. Lze jim proto fezat
i hife rozpojitelné horniny. ProtoZe jde o aplikaci zdkona AKCE —
REAKCE, kontaktni napéti m4 stejnou troven jak v rozpojovaném mate-
ridlu, tak i v zubu. V procesu interakce musi byt tak velka sila (akce), aby
doslo k poruseni vazebnich sil v rozpojovaném materidlu, ale nesmi pre-
kro¢it hodnotu, pri které by doslo k poruseni materidlu zubu. Tato skute¢-
nost byla pfirodou zabezpedena celou fadou dumysInych opatient (obr. 2)
[5]. Kromé jiz diskutované geometrie, zub je tvofen z tvrdych a mékkych
tkani. Tvrdé tkané tvofi vysoce odolnd zubovina (dentin) a sklovina.
Zubovina, kterd ma mensi modul elasticity nez sklovina, slouzi k zachy-
ceni a vstiebén{ tlaka Celisti (funguje jako méch). Sklovina, s vysokym
modulem elasticity a vysokou tvrdosti (s malou pevnosti v tahu), tvori nej-
svrchnéjsi vrstvu zubu. Tvrdost skloviny ve sméru ke své povrchové vrst-
vé roste. Hranice mezi sklovinou a zubovinou je vlnitd, coz umoznuje
kvalitni propojeni obou tkdni. Mékké tkané jsou protkdny siti vyZivova-
cich cév a kapildr a vysoce damyslnym sloZitym nervovym systémem.
Zub je do kosti Celisti pevné zakotven. Nervovy systém s Cetnymi Cidly

a)

Obr. 3 Zdkladni tvary Feznych ndstroju (noZu) dobyvacich stroju:

a) dldtovity brit, b) kuZelovy hrot

Fig. 3 Basic design of cutting tools (cutters) of cutter boom machines:
a) chisel-shaped cutting edge, b) conical point

development, and has been applied as efficient geometry in the working
of materials (metals, wood, rock, but also food), improving penetration
through air (projectiles, heads of rockets — conical shape), water (bows of
ships — cutting edge shape). An analysis of the “canine” and “cutter” teeth
geometry proves that the geometry allows transfer of a big force (an acti-
on) and the stress required for breaking the material to be disintegrated.
This is possible owing to the gradually decreasing cross-section area of
the cutting tool, and increasing the stress at the point or cutting edge (see
Fig. 1). The stress is transformed into the material being disintegrated in
a form of a contact stress. The contact surface of a point is usually smal-
ler than the contact surface of a cutting edge; therefore also the contact
stress induced by the point is higher. For that reason it can even cut rock
that is more difficult to disintegrate. As this is an application of the
ACTION - REACTION principle, the contact stress in the material being
disintegrated and in the tooth is equal. The intensity of the force (action)
in the process of interaction must be sufficient to exceed bonding forces
in the material being disintegrated, but it must not exceed a value causing
damage of the tooth material. This condition was taken care of by Nature
through several ingenious measures (see Fig. 2) [5]. In addition to the
above-mentioned geometry, a tooth consists of hard and soft tissues. Hard
tissues comprise highly resistant dentine and enamel. Dentine, having
a lower modulus of elasticity than the enamel, absorbs jaw pressures (it
works like bellows). Enamel, with its high elastic modulus and high hard-
ness (low tensile strength), forms the outermost layer of the tooth. The
enamel hardness rises towards its surface. Interconnection of the two tis-
sues is very good thanks to the fact that the boundary between dentine and
enamel is undulated. Soft tissues (pulp) are interwoven by a net of nutri-
ent vessels and capillaries, and by a highly sophisticated and complex ner-
vous system. The tooth is firmly embedded in the jowl. The nervous sys-
tem with multiple sensors and interconnection with the central nervous
system regulates processes of teeth loading, even providing information
about the degree of wear. In the case of some animal species (rodents and
hares), it informs about the degree of wear and also provides information
needed for the tooth to grow to the original length. Even the design of
a viper’s tooth with its poison-conducting channel cannot be overlooked.
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Obr. 4 Konstrukce rezného
ndstroje pro rozpojovdni
hornin: 1 - $picka (tvrdo-
kov), 2 — pracovni cdst
(ocel), 3 — drik pro tuchyt

v drZdku (ocel), 4 — noZovy
drzdk (ocel)

Fig. 4 Design of a cutting
tool for rock disintegration:
1 — point (tungsten carbide),
2 — working part (steel),

3 — stem for fixation in the
holder (steel), 4 — tool holder




Obr. 5 Razici §tit fy Tamrock-Alpine-Westfalia: 1 — vyloZnik, 2 — Fezny
orgdn, 3 — osa vyloZniku, 4 — smér otdceni, 5 — Fezné ndstroje, 6 — razici §tit,
X, y,2 — smeéry pohybu rezného orgdnu

Fig.5 Tamrock-Alpine-Westfalia tunnelling shield: 1 — boom,
2 — cutterhead, 3 — boom axis, 4 — direction of rotation, 5 — cutting tools,
6 — tunnelling shield, x,y, z — directions of the cutterhead movement

a propojenim na centrdlni nervovy systém reguluje procesy zatéZovani
zubl, poddvd informace i o stupni jejich opotfebeni. U nékterych Zivodis-
nych druhd (u hlodavcet a zajict) podédvé informace i o stupni opotieben{
a informace pro dortstdni zubu do puvodni délky. Nelze opominout také
konstrukéni feSeni zubu zmije s kandlkem pro vystfik jedu.

Z uvedeného stru¢ného vycétu nékterych funkei zubu je ziejmé, Ze pri-
roda dlouhodobym vyvojem dospéla k velmi dokonalym feznym néstro-
jam. Radu konstruk&nich prvku, vyvinutych pifrodou, Elovék jiz apliko-
val. To se tyka i feznych néstroju dobyvacich stroju. U feznych nastroji
pro rozpojovani hornin uplatnil tvar dldta i hrotu (obr. 3) a dva zcela odlis-
né materidly. Ocel, z niZ jsou vyrdbéna télesa feznych ndstroju, a slinuté
karbidy wolframu, z nichZ jsou pfipravovany brity ¢i kuzelové hroty
(obr. 4). Oba uvedené materidly jsou k sobé pripojeny ,.pajkou‘ (slitina
médi, stifbra a dalsich kova). Bfity z polykrystalickych diamantu a kera-
mickych materidli jsou ve vyvoji. Navic v porovnéni s pifrodou bylo pfi
vyvoji feznych nastroju aplikovédno samovolné pootacen{ fezného néstro-
je ave vyzkumu jsou aplikace vysokorychlostniho vodniho paprsku gene-
rovaného pres fezny nastroj. Rezné ndstroje nebyly doposud vybaveny
systémem cidel pro monitoring jejich chovani v interaktivnim procesu.

3. POPIS FUNKCE REZNYCH ORGANU

Rezné orgdny razicich stroju pro§ly mnohaletym vyvojem a jsou stale
predmétem zdjmu zlepSovateli. Prvni etapu vyvoje charakterizovaly
fezné orgdny bez vodnich postiiku, druhou a soudasnou etapu vyvoje pak
vnitini postrik ke kazdému feznému ndstroji. Jde o systém vodnich spre-
ju s tlakem uZitkové vody do 30 MPa. Jsou nasmérovény tak, aby byly
ochlazovény pouze fezné néstroje, které se pravé ucastni procesu fezani
(sektorovy postfik). Pfivod tlakové vody do fezného orgdnu je uskute¢nén
pres rotaéni tésnéni hnaciho dstroji. Treti etapa, etapa blizké budoucnos-
ti, by méla spo¢ivat na vyvoji rotalniho tésnéni pro vysoky tlak vody,
ktery by umoznil asistenci vysokorychlostnich vodnich paprsku s fezny-
mi ndstroji, a to nejen pro jejich chlazeni, ale i pro rozruseni rozpojované
horniny. Méla by zahrnovat také aplikaci ¢idel pro fizeni rozhodujicich
parametrii procesu rozpojovani hornin feznymi orgdny (teploty a zatize-
ni) a monitorovani stavu jejich opotfebeni.

Dosavadni vyvoj moZno prezentovat také dvéma odliSnymi typy fez-
nych orgdnl. Reznym orgdnem otélejicim se kolem osy vylozniku a fez-
nym orgdnem otdcejicim se kolem osy kolmé k ose vyloZniku.

3.1. FUNKCE REZNYCH ORGANU OTACEJICICH
SE KOLEM OSY VYLOZNIKU

Pro prezentaci této supiny feznych organti byl vybran razici §tit fy Tam-
rock-Alpine-Westfalia (obr. 5). Rezny orgdn ve tvaru jedné poloviny rotac-
niho elipsoidu je vybaven feznymi ndstroji s kuZelovitymi hroty. Rezné
ndstroje jsou umistény v drzacich v jednosmérném postaventi, které urCuje
smér otdCeni fezného orgdnu pri rozpojovani hornin. V prezentovaném
piipadé se fezny orgdn otd¢i ve sméru proti pohybu hodinovych rucicek. Osa
otacenti je shodnd s osou hnaci hridele (s osou vylozniku). Pfi zabrdzdéni je
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It follows from the above-mentioned brief summary of some tooth
functions that Nature has managed to achieve, through long-term deve-
lopment, perfect design of cutting tools. Many structural elements deve-
loped by Nature have already been applied by man. This concerns cut-
ting tools mounted on mining machines too. Chisel and point design
(see Fig. 3) and the combination of two absolutely different materials
(steel as a material used for manufacturing the bodies of cutting tools
(see Fig. 4), and cemented tungsten-carbides for cutting edges and coni-
cal points) have been utilised for rock disintegration cutting tools. The
two above-mentioned materials are bonded with solder (alloy consisting
of copper, silver and other metals). Cutting edges from polycrystalline
diamonds and ceramic materials are being developed. Moreover, com-
pared to Nature, a feature of angular self-rotation of the cutting tool has
been applied in the development of cutting tools, and applications of
high-velocity water jet generated via a cutting tool are a subject of rese-
arch. Cutting tools have not been equipped yet with a system of sensors
monitoring their behaviour in an interactive process.

3. DESCRIPTION OF FUNCTION OF CUTTERHEADS

Cutterheads of mining machines have undergone long-term develop-
ment, and they are still a subject of concern for inventors. The first phase
of development was characterised by cutters without water spray, the
second, current phase of development, by water spray added to any cut-
ting tool. This is a system of water spray outlets with a service water
pressure reaching 30 MPa. The outlets are targeted in a manner ensuring
that only the cutting tools just involved in the cutting process are cooled
(sector spraying). Pressure water supply to the cutterhead is through
a rotational sealing of the drive assembly. The third phase, which is the
next phase to be implemented, should be based on development of high
pressure rotational sealing allowing assistance of high-velocity water jets
to cutting tools, not only to cool them but also to break the rock being
disintegrated. This phase should also cover application of sensors for
control of crucial parameters of the rock disintegration process applying
cutting tools (i.e. temperature and load), and for monitoring their wear.

The development to date can also be presented by two different
designs of cutterheads; a cutterhead rotating about the boom axis, and
a cutterhead rotating about an axis perpendicular to the boom axis.

3.1 FUNCTION OF CUTTERHEADS ROTATING ABOUT THE
BOOM AXIS

A cutter boom machine manufactured by Tamrock-Alpine-Westfalia
(see Fig. 5) was chosen for the purpose of this group presentation. The
cutterhead, having the shape of a rotational ellipsoid, is equipped with
conically pointed cutters. The cutters are mounted in holders in a sing-
le-direction position, determined by the direction of the cutterhead
rotation in the course of the rock disintegration. In the presented
instance, the cutterhead rotates in an anti-clockwise direction. The axis
of rotation is identical with the axis of the drive shaft (the boom axis).

Obr. 6 Razici stroj AM-85 Véest Alpine: 1 — vyloZnik, 2 — osa vyloZniku,
3 — Fezny orgdn, 4 — osa otdceni Fezného orgdnu, 5 — smér otdceni rezného
orgdnu, 6 — klepetové naklddacti iistroji, 7 — hreblovy dopravnik

Fig. 6 AM-85 Viest Alpine cutter boom machine: 1 — boom, 2 — boom axis,
3 — cutterhead, 4 — axis of the cutterhead rotation, 5 — direction of the
cutterhead rotation, 6 — gathering-arm loader, 7 — scraper loader
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Obr. 7 Technologicky postup rozpojovdni profilu razby: 1 — zabrdzdéni (5 %
rozpojovaného objemu hornin), 2 — bo¢ni zabrdzdéni (10 % rozpojovaného
objemu hornin), 3 — zabrdzdéni zveddnim (10 % rozpojovaného objemu
hornin), 4 — bocni rozpojovdni (75 % rozpojovaného objemu hornin)

Fig. 7 Technical procedure of disintegration of the excavation profile:

1 - sumping (5 % of the disintegrated rock volume), 2 - lateral sumping

(10 % of the disintegrated rock volume), 3 — upward sumping (10 % éf the disinte-
grated rock volume), 4 - lateral cutting (75 % of the disintegrated rock volume)

fezny orgdn posouvin vyloznikem do horniny ve sméru osy x. Hloubka
zabrazdéni je zdvisld na rozpojitelnosti hornin. V dobre rozpojitelnych hor-
nindch (R< 200 kN.m-!) ¢ini celou délku fezného orgdnu. Do zdbéru se tak
dostédvaji viechny fezné ndstroje. V hii rozpojitelnych hornindch je hloubka
zabrazdéni obvykle mensi, nebot je limitovana danym krouticim momentem
stroje. Bo¢nim pohybem, ve sméru osy z, se dosdhne zdbéru po celé Sifce
razby. V koncové poloze bo¢niho fezu se uskute¢ni zabrazdéni fezného
orgdnu posuvem nahoru tak, aby v zdvislosti na rozpojitelnosti horniny
a prikonu stroje se pri ndsledném bo¢nim pohybu od jednoho boku razby
k druhému dosédhlo co nejvyssiho vykonu rozpojovani. Po rozpojeni hornin
v celém profilu razby se uvedeny postup opakuje, az se dosdhne smérného
postupu, ktery umozni uskuteCnit operaci vyztuzovéni a zajisténi nové
vzniklého prostoru. Proces rozpojovani je, na dobu vyztuzovani a zajistova-
ni nove vzniklého prostoru, prerusen. Doba necinnosti stroje se vyuziva ke
kontrole stavu stroje a k vyméné opotfebovanych feznych ndstroju.

3.2. FUNKCE REZNYCH ORGANU OTACEJICICH SE KOLEM

0SY KOLME K OSE VYLOZNIKU

Pro prezentaci druhé skupiny feznych orgénii byl vybrén razici stroj
AM-85 ty Voest-Alpine Bergtechnik (obr. 6). Rezny orgédn sestdvd ze
dvou piiéné orientovanych, zrcadlové odlisnych dilu, priblizné ve tvaru
poloviny zplostélého elipsoidu. Oba dily se otdceji stejnou rychlosti a ve
stejném sméru. Pfi rozpojovéni dobfe rozpojitelnych hornin se pouZziva-
ji neotécivé radidlni fezné ndstroje dldtovitého tvaru, které se vyznacuji
pfiznivou spotfebou energie, uspokojivim rozpojovacim vykonem,
niz$i tvorbou prachu, ale také mensi odolnosti proti opotiebeni v porov-
ndni s otdfivymi feznymi ndstroji hrotového typu. Pfi rozpojovani huf
rozpojitelnych hornin se v soucasné dobé pouZivaji prevazné otacivé
fezné ndstroje hrotového typu, které se vyznacuji vetsi spotiebou ener-
gie, vyssi tvorbou prachu, ale jsou odolnéjsi proti opotrebeni. Pokud se
pootdli, 1ze dosdhnout jejich soumérného opotiebeni a prodlouZeni
jejich Zivotnosti. Pocet feznych ndstrojii rozpojovacich organt je defi-
novdn rozpojitelnosti hornin. Rezné orgdny druhé skupiny maji obvykle
pfi porovndni s feznymi orgdny prvni skupiny vice neZ dvojndsobny
pocet feznych néstroju. Rezné ndstroje druhé skupiny feznych orgdnt
maji obvykle vyssi rychlost fezani.

Pri zabrdzdéni se do horniny vnofuji soucasné oba dily fezného orgénu.
Néslednym bo¢nim pohybem ve sméru osy z se vytvori prvni drazka po
celé Sifce razby [6] (obr. 7). Zabrdzdénim fezného orgénu se rozpoji pri-
blizné 5 % objemu hornin. Pfi bo¢nim pohybu v jednom sméru rozpojuji
horninu fezné ndstroje prvniho dilu, fezné néstroje druhého dilu postupu-
ji ve volném prostoru. Bo¢nim postupem v opaéném sméru dily rezného
organu maji opacnou funkci. Prvnim bo¢nim pohybem se rozpoji pfibliz-
né 10 % objemu hornin. Tretim postupem, tj. posunem fezného orgdnu ve
sméru nahoru, se uskute¢ni dovrchni zabrdzdéni obou dila fezného orgé-
nu. Dovrchnim zabrdzdénim se rozpoji dalSich 10 % objemu hornin. Po
uvedené sérii feznych postupt se rozpojovéni bo¢nim pohybem stfidé
se zabrdzdénim ve sméru nahoru tak dlouho, a7 se rozpoji zbyvajici
horniny profilu razby (priblizné 75 %). Z technologického hlediska je

Toel

At the moment of “biting”, the boom thrusts the cutterhead into the
rock mass in the direction of the x- axis. The sumping depth depends
on the breaking characteristic (workability) of the rock. In easily wor-
kable rock types (R < 200 kN.m") the depth is equal to the entire
length of the cutterhead. All cutting tools are engaged in such the case.
The sumping depth in worse workable rock is usually smaller as it is
limited by the given machine torque. Excavation within the entire face
width is reached by lateral movement, in the direction of the z-axis. In
the end position of the lateral cut, sumping of the cutterhead is carried
out by shifting it up, so that as high disintegration output as possible
is achieved during the subsequent lateral movement from one side of
the excavated face to the other one, depending on the workability of
the given rock and power input of the machine. When the entire profi-
le area is disintegrated, the above-mentioned procedure is repeated
until the required length of one step in the direction of excavation
(“round length”) is achieved, allowing installation of the support. The
rock disintegration process is suspended for a period required for this
operation. The machine’s down-time is used for inspection of the
machine condition and replacement of worn-out cutting tools.

3.2 FUNCTION OF CUTTERHEADS ROTATING ABOUT
AN AXIS PERPENDICULAR TO THE BOOM AXIS

Voest-Alpine Bergtechnik’s cutter boom machine AM-85 (see Fig. 6)
was chosen for presentation of the second group of cutting tools. Its
cutterhead consists of two transversally oriented, twin parts, approxi-
mately of the shape of a planetary ellipsoid. The two parts rotate at the
same rate of revolutions, and in the same direction. Non-rotating chi-
sel-shaped cutter tools are used for disintegration of easily workable
rocks. They are characterised by favourable power consumption, satis-
factory disintegration output, lower intensity of dust formation, but also
lower resistance to wear compared to rotating pointed cutting tools. The
use of rotating types of pointed cutting tools currently prevails when
worse workable rock is excavated. This use is associated with higher
power consumption and higher dust formation, but the cutters are more
wear resistant. If they rotate, it is possible to achieve a symmetric wea-
ring rate and extension of their life. The number of cutting tools on
the cutterheads is determined by workability of the given rock. Com-
pared to the first group, cutterheads of the second group usually carry
more than twice as many cutting tools. The cutting tools of the second
group of cutterheads usually allow higher cutting rates.

At the moment of sumping, both parts (halves) of the cutterhead cut
in the rock simultaneously. The subsequent lateral motion, i.e. in the

1 Y.

D) V]

Obr. 8 Porovndni posuvu rezného orgdnu ve smeru zdola nahoru a shora
dolu: 1 - strop razby, 2 — poéva razby, 3 — smér otdleni Fezného orgdnu,
4 — prvky diskontinuit v horninovém prostiedi , 5 — smér pohybu rezného
orgdnu dolu (-y), 6 — smér vyhozu horniny proti razicimu stroji a osddce,
7 — smér pohybu Fezného orgdnu nahoru (+y), 8 — smér vyhozu horniny
proti poévé, 9 — hmotnost horniny, 10 — pojezdovy mechanismus,

11 — nakldadact ustroji, 12 - téleso stroje, 13 — vyloZnik

Fig. 8 Comparison of bottom-up and top-down movement of the cutterhead:

1 - excavation crown, 2 - excavation bottom, 3 — direction of rotation of the
cutterhead, 4 — elements of rock mass discontinuities, 5 — top-down movement of
the cutterhead (-y), 6 — direction of rock debris thrown against the tunnelling
machine and crew, 7 — bottom-up movement of the cutterhead (+y), 8 — direction
of rock debris thrown against the bottom, 9 — rock weight, 10 - travelling mecha-
nism, 11 - loading mechanism, 12 — machine body, 13 — boom




Obr. 9 Postaveni a trajektorie Feznych ndstroju v procesu rozpojovani:

A — trajektorie Sroubovicovd, B — trajektorie cykloidni, 1 — pohyb Fezného
orgdnu a Feznych ndstroju ve sméru osy x, 2 — pohyb rezného orgdnu a rez-
nych ndstroju ve smérech os y a z, 3 — vysokotlaky vodni paprsek, 4 — smér
otdceni Fezného orgdnu a Feznych ndstroju, 5 — smér pohybu rezného orgdnu
a Feznych ndstrojii, 6 — Fezny ndstroj, 7 — obalovd kontura fezného orgdnu,
X, y,z— souradnicové osy pravouhlé soustavy, t — tangenta k cykloidé,

a — iihel postaveni Fezného ndstroje ve vztahu k tangenté kruhové drdhy,
Aa — zména tihlu a v zdvislosti na postaveni tangenty cykloidy, B — tihel
naklopeni rezného ndstroje, @ — tihel natoleni Fezného orgdnu a rezného
ndstroje, r — polomer hrotu rezného ndstroje od osy x, v, — rychlost pohybu
Fezného orgdnu a rezného ndstroje v ose z

Fig. 9 Position and trajectories of cutting tools in the disintegration process:
A — helical trajectory, B - cycloid trajectory, 1 — movement of the cutterhead
and cutting tools in the direction of x-axis, 2 — movement of the cutterhead
and cutting tools in the direction of y- and z-axes, 3 — high-pressure water jet,
4 — direction of rotation of the cutterhead and cutting tools, 5 — direction of
movement of the cutterhead and cutting tools, 6 — cutting tool, 7 — envelope
contour of the cutterhead, x, y, 7 — co-ordinate axes of a rectangular system,

t — cycloid tangent, a— angle of the cutting tool position relative to the circular
path tangent, Aa — change of angle a in dependence on the position of the
cycloid tangent, B — angle of the cutting tool tilt,  — angle of the cutterhead
and cutting tool skew, r — radius of the cutting tool tip from the x-axis,

vp — velocity of movement of the cutterhead and cutting tool along the z-axis

velmi dilezité postupovat pii rozpojovani v ¢elbé zdola nahoru (obr. 8),
aby se pri rozpojovani vyuzila hmotnost hornin a existence odlu¢nych
ploch. Pfi rozpojovéani hornin zdola nahoru a pri prezentovaném otacent
(ve smeru hodinovych ruéicek) je rozpojend hornina vrhdna odstredivymi
silami ve sméru dolu, k naklddacimu udstroji. Pfi opaéném postupu, tj. pfi
rozpojovani shora dolt, nenf vyuZito hmotnosti horniny a navic rozpoje-
nd hornina je odstfedivymi silami vrhdna proti stroji. ZvySuje se tak
nebezpeci Urazu vyvrZzenymi horninovymi tlomky i tvorba prachu.

3.3. MATEMATICKA ANALYZA PRACE REZNYCH ORGANU
A REZNYCH NASTROJU

Studium funkce obou typu feznych orgdnu ukdzalo, Ze préci feznych
ndstroju lze zafadit do jednoho fezného schématu (obr. 9). Rezné ndstro-
je obou typu feznych ogga’mﬁ pracuji jak po trajektorii Sroubovicové, tak
i trajektorii cykloidni. Rezné néstroje, otacejici se kolem osy vylozniku
a posunujici se v ose x, se pfi zabrdzdéni pohybuji po Sroubovici, zatim-
co pri bo¢nich pohybech v oséch y a z se pohybuji po cykloidé. Rezné
ndstroje otdcejici se kolem osy kolmé k ose vyloZzniku a posunujici se
v ose x se pohybuji po Sroubovici a pfi bo¢nich pohybech v osich
y a z se pohybuji po cykloidé. Rezné néstroje rozpojuji vetsi objem hor-
nin bo¢nimi pohyby feznych orgdnu. Z uvedeného je ziejmé, Ze fezné
nastroje feznych orgdnu pohybujicich se kolem osy vylozniku pracujf
prevazné po cykloid€ a fezné néstroje feznych orgénu pohybujicich se
po ose kolmé k ose vylozniku pracuji prevazné po Sroubovici. Pfi pohy-
bu feznych néstroju po cykloidé dochdzi ke zméné dhlu nastaveni fez-
ného nastroje o o thel Ac v zdvislosti na postaveni tangenty cykloidy.

Jak jiz bylo zminéno, fezné ndstroje feznych orgdnu otdcejicich se
kolem osy kolmé k ose vyloZniku rozpojuji pfiblizné 75 % objemu hor-
nin po Sroubovici. Autor, na zdkladé mnohaletého vyzkumu, definoval
parametry pro popis funkce fezného orgdnu raziciho stroje (obr. 10)
a odvodil vztah pro vypocet skute¢ného rozpojovaciho vykonu Ns (1),
vztah pro vypocet smérného postupu razby p (2) [7] a vztah pro stano-
veni mérné spotieby feznych néstroju Sp (3) [8]:
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direction of the z-axis, creates the first slit over the entire excavation
width [6] (see Fig. 7). About 5% of the excavated volume is created by
the sumping of the cutterhead. When the boom moves in one direction,
rock is disintegrated by cutting tools of the first part, while cutting tools
of the second part move in a free space. During the movement to the
opposite side, the parts of the cutterhead swoop functions. Roughly 10%
of the excavated volume is disintegrated by the initial lateral movement.
The third movement is the movement of the cutterhead upwards (both
parts sump upwards). The upward sumping disintegrates another 10% of
the rock volume. The above series of cutting steps is followed by lateral
movements alternating with upward sumping, until the remaining rock
within the excavated cross-section (about 75%) is disintegrated. From the
technological side, it is very important for the disintegration operation to
proceed from the bottom of the face upwards (see Fig. 8), so that the dead
weight of the rock and existence of planes of weakness is taken advanta-
ge of. In the case of the bottom-up excavation sequence, and the presen-
ted clockwise direction of rotation, centrifugal forces throw the disinte-
grated rock debris downwards, towards the loading equipment. In the
case of the opposite sequence, i.e. at top-down cutting, the dead weight
of rock is not employed; moreover the disintegrated rock is thrown by
centrifugal forces towards the machine. Thus accident risk due to shoo-
ting rock debris increases, as well as dust formation intensity.

3.3 MATHEMATICAL ANALYSIS OF THE WORK OF
CUTTERHEADS AND CUTTING TOOLS

Studies on the two types of cutterheads proved that the work of cutting
tools can be placed in a single cutting diagram (see Fig. 9). Cutting tools
of both types of cutterheads work both around helical and cycloid trajec-
tories. Cutting tools rotating about the axis of the boom and shifting in the
direction of the x-axis move around a helix at the moment of sumping,
while at the lateral motions in the direction of y- and z-axes they move
along a cycloid. Cutting tools rotating about an axis perpendicular to the
boom axis and shifting in the direction of the x-axis move along a helix,
and, at the lateral motions in the direction of y- and z-axes they move
along a cycloid. It follows from the above description that cutting tools of
cutterheads rotating about the axis of the boom work mostly along a cyc-
loid, and cutting tools of cutterheads rotating about an axis perpendicular
to the axis of the boom work mostly along a helix. At the movement of
cutting tools along a cycloid, the cutting tool setting angle a changes with
the changing position of the cycloid tangent by an angle Aa.

As mentioned above, cutting tools of cutterheads rotating about an
axis perpendicular to the boom axis disintegrate approximately 75% of
the rock volume moving along a helix. The author defined, on the
basis of long-term research, parameters allowing description of the
function of a cutterhead of a cutter boom machine (see Fig. 10), and
derived a relationship for calculation of actual disintegration rate
N (1), a relation for calculation of excavation advance rate p (2) [7],
and a relationship for determination of specific consumption of cutting
tools Sp (3) [8]:

i 1,296-10" -a- N-n-K, |

N = - N
B -5 X-paelKn, K, K +pu-K,) R-5P

E.u 2dh ] 2]

| K+ 2000F +2) Ehnr :l (1)

o In] 1,23 -
¥ 5410

where F is excavated cross section [m2], F, - abrasiveness [mg.m],
K — coefficient of cutting tool quality (for cutting tools TN-20 K, = 1.0),
Ky — coefficient of influence of cutting tool blunting, K), — coefficient of
engine loading, K,, — coefficient of cutterhead efficiency, Ks— coeffici-
ent of mutual interaction (synergy) of cutting tools, Ky — coefficient of
influence of state of stress of rock mass, Ky — coefficient of cutting tool
geometry, N - power input for disintegration [kW], Ny -actual disinte-
gration rate of the cutterhead [m3.h-1], R - workability (of a single macro-
petrographic rock type) [KN.m'], R. - general workability of rock within
the excavated cross-section [kN.m!], SP - degree of rock fracturing, X -
total number of cutting tools employed in the disintegration job, « - sum-
ping height [mm], [ - length of one excavation step to be supported [m],
p - excavation advance rate [m.24h-1], 7, - down-time per day [min],
t,s - actual duration of disintegration [min], - duration of support instal-
lation [min], - angle of sequence in configuration of cutting tools [°],
n - gearing mechanism efficiency, u - coefficient of friction of the cutting
tool against rock , T - angle of the cutterhead skew [°]. It is worth noticing

En I ] (1)

z N 440 -1 W
- Fie N U+ ]
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Obr. 10 Definice geometrie Fezného orgdnu a parametru jeho funkce:
Doy — maximdlni prumeér rezného orgdnu [mm], Dgy — stiedni prumér
zabrdzdéni [mm], S. — kontaktni plocha Fezného orgdnu [mm?], S, — aktiv-
ni plocha Fezného orgdnu [mm?], v, — Feznd rychlost [m.s1], a - vyska

Ac

_’
A ¢ I_ zabrdzdéni [mm], he — efektivni hloubka zabirky [mm], H — hloubka
Tinax a KB L k zabrdzdéni [mm], Fmax — nejvetsi polor?evr Fezného orgdnu [mm], B — iihel
\< . i sekvence v uspordddni Feznych ndstroju [°], Aa — rozte¢ mezi poloméry
/ > -z Fezdni [mm], Ac - rozte¢ mezi drdZkami vyrezanymi reznymi ndstroji
a T \ S > L / pracujicimi na stejném poloméru rezdni [mm]
\\&L// / Fig. 10 Definition of a cutterhead function and parameters of its
," SJunction: Dyqx — maximum diameter of cutterhead [mm], Dgy— mean
<«— D, —» diameter of sumping [mm], S — contact surface of cutterhead [mm?],
h, Sy — active surface of cutterhead [mm?], v, — cutting rate [m.s’1], a — height
< Dy = of sumping [mm], hes — efficient depth of sumping [mm], H - depth of

1,296-10*-a-Nn-K .

TR S, M S LT ——— S K0
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N (14401, )
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kde F je prifez hrubého vylomu razby [m?], F, — abrazivnost [mg.m
"1, Ki — soucinitel kvality fezného ndstroje (pro fezné néstroje TN-20
Ky = 10), Ky - soutinitel vlivu otupeni fezného ndstroje, K}, — soucinitel
zatézovani motoru, K,, — soulinitel vykonnosti fezného orgéanu,
K — soucinitel vlivu soudinnosti feznych nastroju, Ky — soudinitel vlivu
napjatosti masivu, Ky — sou€initel tvaru fezného néstroje, N — prikon pro
rozpojovani [KW], Ny — skute¢ny hodinovy vykon fezného orgdnu
[m*.h'], R — rozpojitelnost (jednoho makro-petrografického typu horni-
ny) [kKN.m'], R, — celkovd rozpojitelnost hornin v profilu razby
[KN.m"'], SP — stuperi poruseni hornin, X — celkovy pocet feznych ndstro-
ju ucastnicich se rozpojovani, a — vyska zabrdzdéni [mm], [ — smérnd
délka kroku zajistovaného prostoru [m], p — postup razby [m], ¢, — nepro-
duktivni doba za den [min], 7, — skute¢nd doba rozpojovdni [min],
t,; — doba stavéni vyztuZe [min], S — tihel sekvence v usporadani feznych
ndstroju [°], h — G&innost prevodového mechanismu, u — soucinitel tren{
fezného néstroje o horninu, 7 — tihel zeSikmeni rozpojovaciho organu [°].

Za povSimnuti stoji, Ze druhd ¢ast vztahu (1) charakterizuje vykon-
nost fezného orgdnu. Lze ji vyuzit pro porovnavani vykonnosti feznych
orgénu riiznych typu.

Uvedené vztahy plati jak pro fezné orgdny otdlejici se kolem osy
vyloZniku (posun v ose x — zabrazdéni), tak i pro fezné orgdny otacejici
se kolem osy kolmé k ose vyloZniku (posun v osdch y a z — bo¢ni roz-
pojovan{ a rozpojovani ve smérech nahoru ¢i dolu).

Pro priklad jsou konkretizovdny soudinitelé charakterizujici vykon-
nost fezného orgdnu razictho stroje AM-100 fy Voest-Alpine a razictho
stroje 4PP2 ruské vyroby (obr. 11).

Soutinitel K, pro fezny orgdn razictho stroje AM-100 (Kyy =06 K,=10
Kg =08 Kgy=1,1 Ky =25 N=105kW X=42 a=625mm =60
n=08 u=037=1550°:

1.296-10° -62,5-225-08-1.0

K = = 10045
M 60 5in15,5° -42(2.5-0.8-1,1 + 0,3-0,6)

)

Soucinitel K,,, pro fezny orgdn raziciho stroje 4PP2 (Ky =05 K, =
10 Ks =07 Kgy=1,1 Ky =18 N =105kW X =17 a =445
mm b =3600 h =08 m =03 t =700):

_ 1.296-10% - 445-105-08-1.0
360-s5in70" -17(1.8-0.7-11+0.3-0,5)

=5972

8

Obdobné lze definovat rozpojovaci vykonnost feznych orgénu i dal-
Sich razicich stroju. S rustem soulinitele vykonnosti fezného orgdnu
roste i rozpojovaci vykon. (dokonceni v pristim Cisle)

PROF. ING. JAROSLAV VASEK, DrSc.

K, e

sumping [mm], rmayx — largest diameter of cutterhead [mm], B - angle
of sequence in configuration of cutting tools [°], Aa - distance between
cutting radii [mm], Ac - distance between grooves cut with cutting tools
working on the same cutting diameter [mm]

200
180 /\
160 \
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il 120
= 4PP2
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= é\ AM-100
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20 A N
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0 ; ; - T ==
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Obr. 11 Rozpojovaci vykon Feznych orgdnu razicich stroju AM-50, 4PP2,
AM-75,AM-100, N - Fezny vykon, R — rozpojitelnost

Fig. 11 Disintegration rate of cutterheads of tunnelling machines AM-50,
4PP2,AM-75, AM-100, N — cutting rate, R — workability

that the second part of the relationship (1) characterises the cutting tool
efficiency. It can be used for comparison of efficiencies of various types
of cutterheads.

The above-mentioned relations apply both to cutterheads rotating
about the boom axis (movement along x-axis — sumping) and cutterhe-
ads rotating about an axis perpendicular to the boom axis (movement
along y and z axes — disintegration to sides (laterally) and disintegrati-
on upwards or downwards).

For instance, coefficients characterising efficiency of a cutterhead of
a cutter boom machine AM-100 manufactured by Voest Alpine, and
a Russian machine 4PP2 (see Fig. 11).

Coefficient K,,, for the cutterhead of the machine AM-100 (Ky = 0.6

K,=10 K¢ =08 Kgy=1.1 Ky =25 N =105kW X =42

a =625mm B =60 n =08 u =03t =1550°:

e — 1296100 -62.5-225-08/- 1.0 2 10045 “}
' 60-sm155" -42{2.5-08-1,1 +0,3-0,6)

Coefficient K,,, for the cutterhead of the cutter boom machine 4PP2
(Ky=05 K,=10 Ky =07 Kgy=11 Kpy =18 N =105 kW
X =17 a =445mm p =3600 n =08 u =03 v =700):

06107 - 445 105-08+ L0
1.296-10" - 445-105-0,8 1 ooy

(5)
17{1.8-0.7:1,1+0,3-0,5) '

-

T 360+5in 70

Efficiency of cutterheads of other cutter boom machines can also be
defined, in a similar manner. The disintegration output rises with growing
coefficient of the cutterhead efficiency. (7o be continued in next issue)

PROF. ING. JAROSLAV VASEK, DrSc.
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NOVY SYSTEM PROTIPOZARNI OCHRANY TUNELU
POD LABEM V HAMBURKU

A NEW FIRE PROTECTION SYSTEM FOR
THE ELBE TUNNEL IN HAMBURG

MICHAEL VOLLMER

SHRNUTI

V rdmci renovace byl ve trech stdvajicich tubusech tunelu pod
Labem instalovdn deskovy protipozdrni obkladovy systém. Desky
jsou schopny odoldvat extrémné vysokym teplotdm, vysokd tepelnd
jimavost a nizky odvod tepla zajistuji v pripadé pozdru dlouhodobou
ochranu povrchu betonu.

uvoD

Od katastrofdlnich pozari v tunelu pod Mont Blancem, v tunelu
Tauern a v Eurotunelu se na verfejnosti vice nez difve diskutuje o bez-
pecnosti evropskych tunelovych staveb. Nezévisle na této debaté roz-
hodly kompetentn{ Gfady mésta Hamburk jiZ pfed mnoha lety v sou-
vislosti s vystavbou nového ¢tvrtého tubusu o rozsdhlé bezpecnostné-
technické renovaci tii soucasnych tubust pod Labem. Na obnovu
zastaralé protipoZdrni ochrany a osvétleni byl schvélen rozpocet ve
vysi vice nez 50 mil. DM.

V lednu 1975 byly pro dopravu otevieny tfi tubusy ,,nového tunelu
pod Labem®. Ve své dobé predstavoval s délkou 3300 m nejdelsi pod-
vodni tunel v Evropé a do dnesni doby byl prekondn pouze ,,Eurotu-
nelem* spojujicim Francii a Velkou Britdnii. Jiz tehdy byl pfi projek-
tovani a realizaci brdn ohled na protipozZdrni ochranu jako ochranu
objektu. Nasledujici text pojedndvd pouze o tomto aspektu bezpec-
nostni techniky.

Pri stavbé tunelu byly svého Casu uplatnény prevazné dvé metody:
metoda uklddéani hotovych dilci pomoci kesonovéni a raZeni $titem.
V obou pripadech byly vnitin{ stropni a sténové konstrukce z betonu.
Ackoli zékladni konstrukce ve Stitem razeném tseku byla ze specidlni
lité oceli, také zde byly stény ndsledné obloZeny prefabrikovanymi beto-
novymi deskami — a jako spodn{ uzdvér kanalu pro odvod koufe byl pro-
veden strop z predpjatého betonu. Beton je sice nehoflavy, pri vysokych
teplotich se vSak chovd mimoradné problematicky. Jiz pfi 200 °C za¢i-
nd beton ztracet svou pevnost. Napiiklad pii 500 °C jeho pevnost v tahu
a v tlaku klesé o celou polovinu. Pfi zahtivani vody obsaZené v pérech
navic vznika tlak pdry, ktery vede k tomu, Ze betonové vrstvy se explo-
zivné odlupuji. To zase muZe vést k obnaZeni ocelové vyztuze. Hrozi
zhrouceni stavby. Z tohoto divodu byla v tunelu pod Labem v oblasti
stropu po celé délce nanesena stiikand minerdlni omitka.

Po 25 letech byla tato omitka z&dsti silné narusend, hrozila ztrita
jeji prilnavosti k podkladu a navic byla kontaminovéana Skodlivinami
vSeho druhu.

Investor své pozdéjsi rozhodnuti o vhodném systému protipoZarni
ochrany jako ndhradé stiikané omitky velice pellivé pripravoval.
V rdmci dlouhodobych zkouSek byly ve vychodni troubé testovany
ruzné protipozdrni materidly a byla posuzovdna jejich vhodnost
s ohledem na nejruznéjsi poZadavky i nad rdmec protipoZdrni ochra-
ny. Mimotddnou dlohu pfitom mj. hrdlo opotiebeni v dusledku otéru,
absorpce vlhkosti a Skodlivin — ale téz stabilita a hospoddrnost
pozdéjsich rekonstrukénich praci.

V3echny tyto parametry se v roce 1999 vedle zdsadnich poZadavku
na protipozdrni ochranu promitly v prvnim vybérovém fizeni.

PROTIPOZARNI POZADAVKY

Predpoklddané tepelné zatiZeni tunelovych staveb v pfipadé hava-
rie principidlné upravuji tzv. ,,Dodate¢né technické smluvni podmin-
ky pro stavbu silni¢nich tuneli* (ZTV-Tunnel), &4st 2, formou kfivky
teploty v ase. Podle zde stanovené kiivky(obr. 2) se vychazi z toho,
7e jiz béhem 6 minut po vypuknuti pozdru dosahuje teplota vySe
1200 °C. Tato teplota se udrzuje v konstantni vysi po dobu 30 minut,
dokud nezacne faze poklesu v délce dalsich 110 minut.

V piipadé tunelu pod Labem byl tento minimélni poZadavek roz-
Sifen do té miry, Ze nabizeny systém protipoZdrni ochrany musi pfi
1200 °C odoldvat nikoli pouze 30 minut, nybrz 90 minut — plus faze

SUMMARY

A fire protection panel-cladding-based system was utilised in the fra-
mework of renovation of 3 existing tubes of the Elbe tunnel. The panels
are capable of resisting extremely high temperatures; high heat-storage
capacity and low heat conductivity ensure long-lasting protection of the
concrete surface in case of a fire.

INTRODUCTION

Safety in European tunnels has been discussed in the public since the
recent catastrophic conflagrations in the tunnel under Mont Blank, the
Tauern tunnel and the Eurotunnel. Many years ago, independently of this
discussion, relevant authorities of the City of Hamburg decided, in con-
nection with the construction of a fourth tube, on a large-scale safety and
technical renovation of the existing 3 tubes under the Elbe. A budget
amounting to over DM 50 million was approved for renovation of the
outdated fire protection and illumination system.

The 3 tunnel tubes of the “new tunnel under the Elbe” were opened to
traffic in January 1975. The tunnel, with its length of 3,300 m, represen-
ted the longest European immersed tunnel of its time. Till now, it has
been surpassed only by the “Eurotunnel”, connecting France with Great
Britain. Fire protection was also taken into consideration at that time in
the designing and construction process, as one of the structure protection
aspects. The following text deals with this safety equipment aspect only.

In the past, two methods prevailed in tunnel construction, i.e. the met-
hod of immersing prefabricated tunnel elements, and the shield tunnel-
ling method. In both instances concrete was used for the internal roof and
wall structures. Despite the fact that the lining of the driven tunnels was
made from special cast steel, the walls were subsequently clad with pre-
cast concrete panels, and a pre-stressed concrete suspended slab installed
to close the bottom of the smoke removal duct.

Although concrete is incombustible, its behaviour is extremely proble-
matical under high temperatures. It starts losing its strength as early as at
200 °C. At 500 °C, for instance, both its tensile and compressive strength
drop by a complete half. In addition, vapour pressure develops when water
contained in pores is being heated, causing bursting of the concrete surfa-
ce. This may result in exposure of reinforcement bars. The structure’s col-
lapse is a threat. For the above reason, mineral plaster was sprayed within
the ceiling area along the whole length of the tunnel under the Elbe.

After 25 years, this mortar weathered heavily in some parts, threatening
aloss of its bond to the substrate. In addition, it was contaminated by all kinds
of pollutants.

,‘ 4 (X iy B, -:.._... o '7 - I?..jﬂa_'-'

Obr. 1 Tunel pod Labem v Hamburku — obloZeni stropu a kabelovy kandl
s protipoZdrnimi deskami
Fig. 1 Elbe Tunnel, Hamburk - Ceilling lining and cable ducts with fire

protection plates
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Obr. 2 Krivka teploty v ¢ase podle smérnice ZTV-Tunnel a zprisnény pozadavek
pro tunel pod Labem

Fig. 2 Temerature-time curve according to ZTV-Tunnel and increased demands
for the Elbe Tunnel

poklesu v délce 110 minut. U mnoha stavebnich materidla zde jiz
dochdzi k prekroceni bodu slinuti. Systém protipozdrni ochrany
musi zarucovat, Ze po celou dobu 200 minut neni vyztuz ovlivnéna
zvySenim teploty, presahujicim hodnotu 300 °C, Ze bude zabranéno
odlupovdni betonu a Ze nespadne samotny obklad.

Pro tento stavebni zdmér byly déle vypracovany pozadavky na
ochranu napdjecich kabeld. Muselo byt zaruceno, Ze funkce kabela
zustane rovnéz zachovana po dobu 90 minut. Neobvykly poZzadavek —
do té doby neovéfeny u zadného systému — byl, Ze musi byt také zde
dodrzen prubéh teploty v Case podle ZTV-Tunnel, &ést 2, tedy po 90
min. 1200 °C a 110 min. ochlazovdni. Od nabidek do vybérového
fizeni byly pozadovdny dfedni doklady o splnéni obou pozadavku.

VYBEROVE RIZENI A REALIZACE

Kromé samostatného zadani elektrotechnickych praci byla renova-
ce protipozdrni ochrany rozdélena do tif ¢4sti. Na kazdou tunelovou
troubu bylo vypsdno zvldstni vybérové fizeni. Prvni ¢dst — vychodni
tunel — byla dokoncena jiz v 1. ¢tvrtleti roku 2000. Prace provedla ve
stanoveném terminu v nejkrat$i mozné dobé tif mésicu firma Beton-
und Technik Bregenhorn. Realizaci druhé &asti — stiedniho tunelu —
bylo povéfeno konsorcium G + H a Felix Schuh & Co. Také zde je
zaddna maximélni doba vystavby v délce tii mésict. Treti &dst —
zapadni tunel — byla dokoncena v prvni poloviné roku 2001.

V piipadé praci na protipozdrni ochrané, které byly predmétem
vypsanych vybérovych fizeni, byl objem praci na jeden tunel prevdz-
né ndsledujict:

—cca 25 000 m* odstranéni staré omitky, o¢iiténi a piip. sanace

betonu,

— cca 25 000 m” stropnich obkladi,

—cca 5 300 bm obkladt stén a

—cca 7 000 bm kabelovych kandla.

POPIS SYSTEMU

Po peclivém predbéZzném provéreni diky spoluprici s expertem a po
vyhodnoceni nabidek se investor rozhodl pro deskovy protipoZarni
systém spolecnosti Promat GmbH. Diky specidlnim deskdm pro stavbu
tunell bylo zaruceno, Ze budou splnény vSechny poZzadavky protipo-
Zérni ochrany i z hlediska mimorddnych vlivu prostredi v tunelu. Firma
Promat jiz predem — vedle rozsdhlych predloZenych drednich osvédce-
ni — provedla a dspésné dokondila fadu individuélnich zkouSek s ohle-
dem na tento stavebni zdmér. V piipadé stropnich obkladu byly
pozadavky splnény pouZitim tunelovych desek PROMATECT®-H,
popt. PROMATECT®-T o tloustce 25 mm.

Diky materidlovému sloZen{ a specidlni metodé vyroby — technolo-
gie na bdzi cementu ve spojeni s autokldvovanymi silikdty — odoldva-
ji tunelové desky PROMATECT®-H extrémné vysokym teplotim.
Desky vydrzi extrémné rychly, Sokovy ndrust teploty (viz ZTV)
a struktura materidlu se nedestruuje ani pti delSim zatiZeni aZ do
1350 °C. Vysoka tepelnd jimavost a nizky odvod tepla zarucuji dlou-
hodobou ochranu betonového povrchu. Kromé splnéni pozadavku na
protipoZarni ochranu jsou tunelové desky PROMATECT®-H odolné

The owner prepared his decision on the proper fire protection system to
replace the sprayed plaster very carefully. Various fireproofing materials
were tested in the framework of long-term testing in the eastern tube, and
the suitability of the materials was assessed considering widely assorted
requirements, even those exceeding the framework of fire protection.
Extraordinary significance was attributed among other considerations to
the wear due to abrasion, absorption of moisture and pollutants, but also
the stability and economy of the reconstruction operations to follow.

All the above parameters were reflected in the initial tender in additi-
on to the fundamental fire protection requirements.

FIRE PROTECTION REQUIREMENTS

The thermal loading anticipated for tunnel structures in case of an acci-
dent is solved in principle by “Additional Contract Specifications for
Road Tunnel Construction” (ZTV-Tunnel), Part 2, in a form of a time-
temperature curve. According to the curve below (see Fig. 2), the tempe-
rature reaches 1 200 °C as early as 6 minutes after the fire has broken out.
This temperature remains constant for about 30 minutes, until the decre-
asing phase, lasting a further 110 minutes, begins.

Regarding the tunnel under the Elbe, this minimal requirement was
extended. The fire protection system to be offered must provide resistance,
at a temperature of 1 200 °C, not only for the 30 minutes, but for 90 minu-
tes plus 110 minutes (the decreasing phase). This means exceeding the sin-
tering point for many building materials. The fire protection system must
guarantee that, for the entire 200-minute period, the reinforcing steel is not
affected by an increase in temperature in excess of 300 °C, concrete surfa-
ce flaking is prevented, and the cladding itself does not fall down.

Further specifications developed for this construction program dealt
with the protection of power supply cables. The system had to guarantee
that the cables remain operational for 90 minutes. An unusual require-
ment is that the time-temperature curve determined by the “ZTV-Tunnel,
Part 27, i.e. 1 200 °C for 90 minutes, and 110 minutes for cooling, must
be adhered to. The owner required that the tenders contained official
documents confirming that both requirements were met. So far, this pro-
perty has not been verified in other projects.

THE TENDERING AND CONSTRUCTION PHASES

In addition to the separated tender for electrical installations, the reno-
vation of the fire protection system was divided into three parts. Indivi-
dual tenders (with individual sets of tender conditions) were called for
each tunnel tube. The first section, i.e. the eastern tube, was completed as
early as the 1st quarter of 2000. The work was carried out by Beton-und-
Technik Bregenhorn on schedule, within three months, the shortest pos-
sible time. The contract for the other section, i.e. the central tunnel tube,
was awarded to a consortium consisting of G + H and Felix Schuh & Co.
The requirement for the maximum three-month construction period

Obr. 3 Napojeni kabelového kandlu na sténu a strop v odkrytém stavu
Fig. 3 Connecting of the cable duct to the wall and ceilling in an open state




Obr. 4 Kabelovy kandl, stropni obklad a zakryti dilatacénich spdr
Fig. 4 Cable duct, ceilling lining and expansion joint covering

proti vlhkosti, mrazu, posypové soli a Skodlivindm, které jsou v sil-
ni¢nich tunelech obvyklé.

Desky byly montovany pomoci specidlnich hmozdinek (vyrobce Kun-
kel) podle stanoveného schématu rozloZeni hmozdinek. Cely systém dis-
ponuje nejen potrebnymi certifikdty protipozarni ochrany, nybrz spliu-
je také statické pozadavky. V tomto piipadé se vzhledem k vysoké frek-
venci prujezdu ndkladnich vozidel tunelem vychdzelo z trvalého stiida-
vého namahani atmosférickym tlakem ve vysi 0,8 kN/m?, ndvrh po&itd
s trojndsobnou bezpecnosti. Z duvodu protikorozni ochrany jsou upev-
novaci prostiedky vyrobeny z vysokojakostni oceli 1.4529 (V6A). Jako
distanéni vlozka k betonovému stropu se pouZzivaji deskové pasy
z minerlni plsti o tloustce 50 mm o objemové hmotnosti 190 kg/m>.
Toto opatfeni bylo poZzadovano, aby bylo mozné vyuZit duty prostor pro
vedeni nejriznéjSich napdjecich vedeni a k vyrovndni menSich nerov-
nosti. Struktura konstrukce byla vyzkousena z hlediska technické pozar-
ni odolnosti a spliiuje v§echny pozadavky.

Kabelové kandly mély zachovat svou funkénost v délce 90 min
podle ZTV, ¢4st 2. Dosud neexistoval zddny vyrobce, ktery by splné-
ni takovych pozadavku doloZil. Proto bylo ve zkusebné IBMB Tech-
nické univerzity v Braunschweigu testovdno origindlni usporadéni
kabell obloZené tunelovymi deskami PROMATECT®-H. Pfi tloustce
2 x 25 mm zustala funkce kabell zachovana déle nez 90 minut. Tento
systém je nyni v nejruznéj$i podobé instalovadn — jako dvoj- a tistén-
ny kandl. Pro revizni dcely jsou ve spodnich krajnich rozich kandlu
zapustény dhelniky z nerez oceli, které usnadnuji demontdZ a opéto-
vnou montdZ spodnich kryta.

Kromé obou vyse popsanych zdkladnich konstrukci bylo nutné
zohlednit mnozstvi dal3ich detaila. Jednalo se pfitom predev§im o:

— zpusob napojeni na nejraznéjsi prvky stavby,

— obloZeni stén tunelu do vysky 400 mm,

— napojeni na vétraci klapky a ventila¢ni otvory tunelu,

— promitnut{ dilatacnich spar stavby do obloZeni.

Vsechny tyto zvlaStni konstrukce byly vyvinuty investorem a jim
najatym expertem ve spolupraci s firmou Promat a schvédleny zkuSeb-
nou stavebniho tfadu Hamburk.

ZAVER

Protipozarni ochrana jako ochrana objektu — jak je popsana
v tomto prispévku — hraje duleZitou roli pro zabranéni vzniku §kod
na konstrukcich stavby a pro minimalizaci ndkladu na renovaci
v pripadé havdrie. Musi{ byt splnény pozadavky RABT/ZTV-Tun-
nel, édst 2. V priipadé zde popsaného projektu je pozadovdna
ochrana pri teploté 1200 °C po dobu 90 minut s ndslednou féz{
ochlazovani v délce 110 minut. B€hem této doby namahdni nesmf{
odpadnout zddné ¢dsti protipozarniho obloZen{ a nesmi dojit k zad-
nému odloupnuti na betonovych castech. Diky tomu odpadd po
pripadné havérii nutnost velice ndkladnych opatfeni na sanaci
betonu.

MICHAEL VOLLMER, Promat GmbH
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applied to this tender too. The third section, i.e. the western tunnel tube,
was completed in the first half of 2001.

The amount of the work on the fire protection system in one tunnel
tube, covered by the tenders, was mostly as follows:

— removal of old plastering, cleaning and restoration

of concrete surface cca 25 000 m?
— ceiling cladding cca 25 000 m?
— wall cladding cca 5300 m?
— cable ducts cca 7 000 Im

DESCRIPTION OF THE SYSTEM

After careful preliminary verification carried out in collaboration with
a specialist planner, and after assessment of the tenders, the owner deci-
ded to use a panel-based fire protection system supplied by Promat
GmbH. The application of special concrete panels designed for tunnel
construction purposes guaranteed that all fire protection requirements as
well as requirements associated with extraordinary conditions of the tun-
nel environment would be met. In addition to submitting a wide range of
official certificates, Promat GmbH undertook and completed successful-
ly a series of individual tests on the above construction program. Regar-
ding the ceiling cladding, the requirements were met by the application
of 25 mm thick tunnel panels PROMATECT®-H or PROMATECT®-T.

Owing to the material composition and the special production method
(a cement technology connected with steam-pressure cured silicates), the
PROMATECT®-H tunnel panels can resist extremely high temperatures.
An extremely rapid, shock increase of temperature (see the ZTV) is thus
compensated for, and the material structure is not destroyed even under
longer lasting stress (up to 1 350 °C). The high heat-storage capacity and
low heat conductivity ensure long-lasting protection of the concrete sur-
face. In addition to meeting the requirements for fire protection, the
PROMATECT®-H concrete panels are resistant to moisture, frost, tha-
wing salt and pollutants usually found in road tunnels.

The panels were fixed using special dowels (produced by Kunkel), fol-
lowing a specified dowel distribution pattern. Not only is the entire sys-
tem certified in terms of fire protection, it also meets requirements of the
structural analysis. In this instance, the structural analysis was based on
an assumption of alternating loading imposed by an atmospheric pressu-
re of 0.8 kIN/m2, with a three-fold degree of safety. To provide corrosion
protection, fastening members are made of super-grade steel
14529 (V6A). Mineral felt mats 50 mm thick (volume weight of
190 kg/m3) are used as spacers separating the cladding from the concre-
te surface. The above measure was required so that the hollow space can
be utilised for the installation of various supply lines, and minor undula-
tions of the surface can be rectified. The structure was tested in terms of
the fire protection technical requirements, which it met.

The cable ducts were to meet the requirement for maintaining their
operability for 90 minutes (according to the ZTV, Part 2). No manufactu-
rer of that time could prove conformance to such requirements. It was
also for this reason that an original configuration of cables was installed
and clad with the PROMATECT®-H panels in the IBM Technical Uni-
versity in Braunschweig. At a thickness 2x25 mm, the cables remained
operable for over 90 minutes. This system is currently installed in vari-
ous forms, as a two and three-sided duct. For inspection purposes, stain-
less steel angles are embedded in the lower corners of the ducts. The ang-
les improve ease of disassembly and re-assembly of the lower covers.

In addition to the two above-mentioned basic structures, it was necessa-
ry to consider the amount of additional details, above all the following ones:
— operations for fixation to various elements of the tunnel structure,

— wall cladding up to a height of 400 mm,

— connection to relief flaps and ventilation ports in the tunnel,

— projection of expansion joints of the tunnel structure into the cladding

All of the above-mentioned special structures were developed by the
owner and the specialist planner, in co-operation with Promat GmbH, and
approved by a testing laboratory of the Building Authority in Hamburg.

CONCLUSION

The above-mentioned fire protection system, as a system protecting the
structure, plays a significant role in terms of preventing deterioration
of the structure and minimising the costs incurred due to renovation in
case of an accident. It is necessary to meet the requirements of
“RABT/ZTV-Tunnel, Part 2”. Regarding the project described in this
article, a temperature of 1200 °C for a period of 90 minutes, and a subse-
quent 110-minute cooling down phase is called for. During this period of
stress development no part of the fire protection cladding may fall down,
nor may any flaking of the concrete surface occur. Successful meeting of
this requirement means there is no need for extremely cost intensive mea-
sures for the refurbishment of concrete surfaces in the case of an accident.

MICHAEL VOLLMER, Promat GmbH



14. rocnik - €. 1/2005

Zpravy z tunelarskych konferenci / News from tunnelling conferences

Rakousky tunelaisky den, regionalni sympozium
Eurock 2004 a 53. Geomechanické kolokvium
- Salcburk (Fijen 2004)

V rakouském Salcburku se od 6. do 8. fijna 2004 konala konference,
kterd zastfeSovala tfi velmi hodnotné tunelérské akce. Nejprve probéhl ve
sttedu 6. Tijna Osterreichischer Tunneltag 2004 (Austrian Tunnel Day
2004), jehoz mottem bylo: ,,Novd feseni pfi provadéni tunelarskych praci
doma i ve svéte“. Poradatelem byla Rakouskd tuneldrskd asociace
ITA/AITES (ATA).

Nésledujici dva dny se spolené konaly dalsi dve akce: regiondln{ sym-
pozium EUROCK 2004 pod zastitou ISRM a 53. Geomechanické kolo-
kvium. Jejich hlavnim organizatorem byla Rakouska geomechanickd spo-
le¢nost a predsedou piipravného vyboru byl prof. Wulf Schubert z tech-
nické univerzity ve Styrském Hradci (Graz).

Jedndni probihala v novém kongresovém centru za tcasti asi 900 dcast-
niki z mnoha zemi svéta, pouze 8 z Ceské republiky. Vlastni konferenci
doprovizela zajimavd vystava prednich firem vystavujicich produkty sou-
visejici s geotechnickou tematikou a postery z mnoha projekta. Nabidka
zahrnovala celou $kalu vyrobku a programového vybaveni od provadéni
a vyhodnocovéni geotechnického prazkumu pres pocitaové programy
vyuzivané ve fdzi projektovani aZ po vyrobky pouZivané pri realizaci pod-
zemnich staveb a pri provddéni geomonitoringu.

V tdvodu tfidenniho maratonu prednésSek vystoupil ve stfedu rdno nej-
prve vykonny prezident ATA pan Peter G6bl, po ném ndsledoval general-
ni sekretdr ITA/AITES pan Claude Berenguier.

Dopoledni blok prednések Rakouského tunelarského dne byl vénovén
konven¢nimu tunelovani. V prispévcich byly postupné prezentovany:

Vystavba automobilového tunelu Semmering délky 3,5 km realizo-
vand ve slozitych geotechnickych podminkach. Jednou ze zvldStnosti této
stavby byla pfeprava bedniciho vozu definitivniho osténi ve smontovaném
stavu ze stavby tunelu Spital k portdlu tunelu Semmering. Mimoradny
ndklad musel ujet asi 8 km a protdhnout se v zastavbé i misty, kde o pro-
jeti rozhodovaly centimetry. Doba transportu nepresdhla 5 hodin. Mezi
poslednim nasazenim bednictho vozu na tunelu Spital a vybetonovdnim
prvniho bloku definitivniho osténi na tunelu Semmering ubéhlo pouze
5 dni. Pfi razbé tunelu bylo dosaZeno maximdlniho denntho postupu
v kaloté 24 m.

Rozsireni podzemni drahy v Mnichové za pouZiti razby tunelu s pre-
tlakem vzduchu. Mistni podminky neumoZnuji sniZzeni hladiny podzemni
vody a razba v pretlaku vzduchu zajistiije docasnou stabilitu dila pred vyz-
tuzenim lice vyrubu primarnim osténim. Zeminy kvarterniho pokryvu
v nadloz{ tunelu musely byt vzhledem k vysoké propustnosti vzduchu
v predstihu utésnény pomoci injektdZnich destnikt. InjektdZni prace probi-
haly z podzemi i z povrchu. Zajisténi poZzadované tésnosti prostredi hraje
pri této metodé zdsadni roli jak z hlediska stability vyrubu, tak z hlediska
bezpecnosti priace ve stlaeném vzduchu. Razba proto probihala pod
dohledem zkuSeného 1ékafe a za piisnych bezpetnostnich opatfeni. Pro
vyhodnoceni tG¢innosti injektaznich praci byl realiza¢nimi firmami vyvinut
specidlni program SOFIA.

Rozsireni podzemni drahy ve Vidni, kde byla na dseku U1/3 pouZita
ve stavebni jamé paZené ocelovymi §tétovnicemi betondz zdkladové desky
pod vodni hladinou. Deska o minimdln{ tloustce 1100 mm byla provedena
z prostého betonu C16/20 a zakotvena v rastru 3 az 5,5 m. Pfi dimenzovd-
ni nevyztuZené desky byl zohlednén klenbovy efekt mezi podporami tvo-
fenymi kotevnim systémem. Vystavba probihala po etapéch tak, aby nedo-
Slo k dpInému preruseni provozu na komunikaci ve stopé podzemni dréhy.

Pouziti ,,Laser Shell* metody jako inovace pfi razbé se zajisténim ze
stifkaného betonu pii tunelovéni na stavbé nového termindlu T5 letiste
Heathrow v Londyné. Razba probihd plnym profilem se Sikmou ¢elbou.
Pro vyztuZeni stifkaného betonu nejsou pouZity rdmy a sité, ale pro néstiik
osténi je pouzivan vldknobeton za pouZiti ocelovych vysokopevnostnich
dratka a polypropylenovych vldken. V osténi nevznikaji ,,stiny* a odpada
riziko nedodrZen{ nutného kryti vyztuze. Jednovrstvé osténi je uzavirano
co nejdrive za provedenim vyrubu a slouZi jako trvalé osténi tunelu. Diky
ndstriku celého prstence nardz nedochdzi k rozvrstveni betonu a nakloné-
nim Celby nevznikaji prubézné vertikdlni spary.

The Austrian Tunnel Day, the Regional Symposium
Eurock 2004, and the 53rd Geomechanical
Colloquium - Salzburg (October 2004)

The conference covering three highly valuable tunnelling events took
place in Austrian Salzburg from 6 to 8 October 2004. First, the Osterreischer
Tunneltag 2004 (Austrian Tunnel Day 2004) took place on Wednesday the
6th October, under a motto of “New solutions in the tunnel excavation pro-
fession home and in the world”. The conference host was the Austrian Tun-
nelling Association ITA/AITES (the ATA).

Another two events took place on the following two days, i.e. the Regio-
nal Symposium EUROCK 2004 under the auspices of the ISRM, and the
53rd Geomechanical Colloquium. The main organiser was the Austrian Geo-
mechanical Association, with Prof. Wulf Schubert from the Technical Uni-
versity of Gratz chairing the preparation committee.

The negotiations were held in the new congress centre, at the presence of
about 900 participants from many countries of the world, including only
8 persons from the Czech Republic. The conference proper was accompani-
ed by an interesting exposition of the market- leading companies, presenting
products associated with the geotechnical issues, and posters from many pro-
jects. The offer comprised a wide range of products and software, starting
from execution and assessment of geotechnical investigation, through the
software utilised in the design phase, to products used in realisation of
underground structures and execution of geomonitoring.

At the beginning of the three-day marathon of lectures, on Wednesday
morning, Mr. Peter Gobl, the ATA executive president, presented his ope-
ning speech, followed by Mr. Claude Berenguier, the ITA/AITES general
secretary.

The morning block of lectures of the Austrian Tunnel Day was dedicated
to conventional tunnelling. The following topics were presented:

Construction of the Semmering Road Tunnel, 3.5 km long, realised in
difficult geotechnical conditions. One of specific features of this constructi-
on was the transportation of the travelling formwork for the final lining,
moved without dismantling from the Spital tunnel construction site to the
Semmering tunnel portal. This exceptional load had to travel for about 8 km,
and to weave through the built-up area and spots where passing by was a mat-
ter of centimetres. The transport time did not exceed 5 hours. Only 5 days
passed since the last deployment of the shutter on the Spital tunnel to the cas-
ting of the first section of the final lining of the Semmering tunnel. A maxi-
mum daily advance of 24 m was achieved in the top heading excavation.

The Munich Subway Extension using air overpressure for the excavati-
on. Local conditions do not allow lowering of the water table, and the exca-
vation under an overpressure provides temporary stability of the excavated
opening before the application of the sprayed concrete primary support. The
soils forming the Quaternary cover above the tunnel had to be, because of
high air permeability, sealed in advance by means of grouting umbrellas. The
grouting was carried out both from the tunnel interior and from the ground
surface. Achieving the required tightness of the ground environment is vital
for this method, both in terms of the excavation’s stability and in terms of
safety of work in compressed air. For that reason, the excavation was super-
vised by an experienced doctor, with stringent safety measures applied. The
contractors developed a specialised program SOFIA for the assessment of the
efficiency of the grouting work.

The Vienna Subway Extension, where, in the U1/3 section, a tremie
concrete foundation slab was constructed in a box excavation supported by
steel sheet piles. The slab with a minimum thickness of 1100 mm was pou-
red using C16/20 unreinforced concrete. It was secured with anchors instal-
led at 3 to 5.5 m spacing. The arch effect between supports formed by the
anchoring system was taken into consideration in the structural analysis of
the unreinforced slab. The construction was divided into phases preventing
total interruption of traffic along the subway route.

Application of the “Laser Shell” method as an innovation in the course of
the shotcrete-supported excavation at the construction of the London Heathro-
w’s new Terminal T5. The full-face excavation is carried out with the face inc-
lined. Shotcrete is not reinforced with frames and welded mesh, although the
shotcrete is reinforced with high-strength steel fibres and polypropylene fibres.
No shadow areas originate in the lining, and the risk of failing to meet the cover
requirements is eliminated. The single-pass lining, serving as the permanent
tunnel lining, is closed as early as possible after completion of the excavation.
Owing to the fact that concrete is sprayed along the entire ring in a single ope-
ration, concrete stratification does not occur; no continuous joints originate

thanks to the inclined face being maintained.
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Vystavba podpovrchové tramvaje v Linci s podchodem tuneli pod The Light Rail Transit Line Project in Linz, with tunnels passing under
hlavnim néddrazim. RaZba probihala ve Stérkopisku pomoci NRTM the main rail station. The excavation advanced through gravel-sand using the
pfi minimélnim nadloZi 1,5 az max. 5,5 m. Na razeném tseku délky 1,25 NATM, under a minimum overburden of 1.5 to 5.5 m. The traffic solution of
km se tfiemi podzemnimi stanicemi vyZadovalo dopravni feSeni pouZiti the 1.25 km long section being excavated (3 underground stations) required

celé 3kaly typi tunelovych profilii od jednokolejnych tunel az po razbu the application _of a variety of _tunnel _profi]e types, from single-track tunnels to
dvou a trojkolejnych tuneld. ProtoZe v pifpads trojkolejného tunelu dosa- double- and triple-track profiles. Since the triple-track tunnel’s overburden

v . . Lo was as low as 5 m, the excavation of the 17 m wide profile was carried out as
hovalo nadlozi mocnosti pouze 5 m, probihala razba tunelu o celkové §irce . . .
a single-track tunnel and a double-track tunnel excavation, with a common

17 m ja.vk’o razba Eivou- a j,ednokolejnféh'o ,tunelu s strednﬁ.r'lv Iv)ih’fem. central pillar. There were old buildings sensitive to subsidence found above
V nadloZi se nachdzely staré budovy citlivé na poklesy, kolejiste se 16 the tunnel, as well as a station yard with 16 tracks and 5 island platforms, tram

kolejemi a 5 ostrovnimi ndstupisti, tramvajovymi trasami apod. Tloustka lines etc. The primary lining thickness was up to 300 mm, and the maximum
primdrniho osténi se pohybovala do 300 mm a maximéln{ pripustné defor- allowable deformation of the excavated opening of 20 mm was never excee-
mace vyrubu 20 mm nebyla béhem razby v 7ddném z tseku prekrocena. ded during the excavation, in any of the sections. The waterproofing require-
Vodonepropustnost tunell leZicich pod drovni hladiny spodni vody zajis- ments for the tunnels found under the water table are secured by application
tuje osténi z betonu odolného proti prisakiim. Pfi absenci plastové izolace of water retaining concrete. In the absence of a waterproofing membrane, the
oddéluje primarni a sekundri osténi separani folie tloustky 0,2 mm. | primary and secondary liners are separated by a 0.2 mm thick separation

membrane. Once successfully completed, the construction will make passen-
ger transfer from the railway to the light rail transit system possible. Infor-
mation on this project was published in the TUNEL magazine issue 2/04.
The Vienna Subway Extension in the U2/2 section, 1.4 km long, repre-
sents excavation of tunnels within an urban built-up area, featuring a number
of technological innovations, employing massive groundwater table lowering

Uspésné dokoncend stavba umozni piimy prestup cestujicich z Zeleznice
na méstskou tramvaj. O stavbé informoval Casopis Tunel v &isle 2/04.
Rozsireni videnské podzemni drahy v useku U2/2 délky 14 km predsta-
vuje razbu tuneldl v méstské zdstavbé s fadou technologickych inovaci a s vyu-
Zitim masivniho snizovani hladiny podzemni vody k zaji§téni bezpecnosti

vystavby a stability vyrubu. Na bezchybné funkci systému snizovani podzem- to secure the construction safety and the excavation stability. Unfailing ope-
ni vody a kontrolnich monitorovacich systémi zvisi bezpecnost realizace ration of the groundwater table lowering system and the control monitoring
i stabilita objektu v nadloZi. Cely dsek je rozdélen do 9 &erpacich poli o cca 30 system are a condition of safe realisation of the construction and stability of
Cerpadlech umisténych ve vrtanych studnich. Sledovéni funkce Cerpadel existing buildings above the tunnels. The whole section is divided into 9
a trovn¢ podzemni vody je napojeno na fidici systém s moznosti vizualizace pumping fields comprising about 30 pumps installed in bored wells. The
dat v mnoha reZimech. Vysledky jsou zobrazovény v Grovni od celkového pre- monitoring of the function of the pumps and of the groundwater table level
hledu funkce celého pole studni az po detailni sledovéni funkce konkrétniho is connected to the control system allowing visualisation of the data in many

regimes. The results are displayed at a level starting from an overall overview
of the entire field of pumps to detailed monitoring of the function of an indi-
vidual pump. A tunnel excavation gantry platform was deployed for the first
time at the excavation within the confined space of single-track subway tun-
nels. The gantry platform, being passable underneath for other operations
owing to the drifter booms being mounted on the gantry structure, allows

Cerpadla. Pi razbé ve stisnénych podminkéch jednokolejnych tunelt metra byl
poprvé nasazen ,,tunelovy razici portdl“, ktery umoznuje diky osazenf vrtacich
lafet na rémovou prijezdnou konstrukei minimalni Casové prodlevy mezi vrta-
nim kotev nebo zahdnénim jehel a odt€Zovanim rubaniny. Odpadd tak velmi
obtizné a Casové ndrocné manévrovani jednotlivych mechanisma v podzemi.

Na odpoloednim jednéni vénovaném mechanizovanému tunelovani minimisation of time gaps between the drilling for anchors or driving spiles
pomoci §titi zaznély nésledujic pifspévky: and mucking. Thus the very difficult and time consuming manoeuvring of
Klimatické podminky pri razbé tunelt s vysokym nadlozim. Pfispé- individual mechanisms in the tunnel is avoided.
vek se zabyval problematikou snizovéni teploty pfi vystavbé tunelu The following papers were read in the afternoon session dedicated to
Lotschberg na tiseku Mitholz. Pii vy3ce nadlozi az 2000 m dosahuje tep- mechanised tunnelling using shields:
lota horninového masivu 40 °C. K dal$fmu zvy3enf teploty dochdzi pfi Climatic conditions at excavation of tunnels under high overburden.

This contribution dealt with the issue of lowering the temperature at the Mit-
holz section of the Lotschberg tunnel construction. At the overburden depth
of up to 2000 m, the rock mass temperature reaches 40 °C. Another tempe-
rature increase occurs due to the application of equipment, and due to hydra-
tion of shotcrete used for the primary lining. The authors compare the antici-
pated and actually measured temperature in the tunnel, describe the method

pouZiti stroju a hydrataci stifkaného betonu primarniho osténi. Autofi
porovnavaji prognézovanou a skute¢né namérenou teplotu v tunelu, popi-
suji pouZity zpusob chlazen{ pii vétrdni a v souvislosti s pozadavkem na
dodrzeni maximdln{ teploty na pracovisti 28 °C upozornuji na problemati-
ku zadanf stavby.

Dal§i kritéria hodnocent alternativnich nabidek na prikladu tunelu of cooling by ventilation, and point out the problems of the project specifi-
Wienerwald. Z hlediska konstrukéniho feSenf je tunel rozdélen na 1.8 km cations associated with the requirement for maintaining maximum working
dlouhy tsek dvoukolejného Zelezni¢niho tunelu, prechodovy tsek délky place temperature of 28 °C.

400 m z dvoukolejného tunelu na 2 jednokolejné tunely a cca 11 km dlou- Other criteria of assessment of alternative bids using the Wienerwald
hy dsek dvou jednokolejnych tunelt. Prispévek upozoriiuje kromé kritéria tunnel as an example. Structurally, the rail tunnel is divided into a 1.8 km long
nejnizsi nabidkové ceny na dal$f nutnd kritéria hodnoceni pro vybér nej- double-track section, a 400m long section of transition from the double-track
lepsi nabidky. Zadénf pripousti podani nabidek jak na razbu pouze kon- configuration to 2 single-track tunnels, and roughly 11 km long section of twin

single-track tubes. In addition to the lowest bid price, the paper points out other
assessment criteria necessary for selection of the best bid. The tender docu-
ments allow the tenderers to propose both conventional excavation methods
and combined excavation using TBMs.

The author of the next paper pointed out the amount of data obtained
during tunnel excavation carried out by highly mechanised excavation

venénimi metodami, tak kombinovanou razbu s pouZzitim TBM.

V nésledujicim prispévku upozornil autor na mnozstvi dat ziskava-
nych pri razbé tunelu pomoci vysoce mechanizovanych razicich
stroju. Jedn4 se o data ziskdvand pifimo z TBM, dale o vysledky geo-
detickych a geotechnickych méfeni, protokoly z technologickych pro-

cesii apod. Data analyzuje a ddle vyuZivd pro kalibraci a zpétnou analy- equipment. This is the data obtained directly from the TBM, further the results

zu trojrozmérnych matematickych modelii s vyuZitim fuzzy-logiky za of geodetic survey and geotechnical measurements, the data contained in pro-

vyuZiti neuronovych siti. tocol forms provided in technological processes, etc. The author analyses the
Piispévek o nasazeni dvojitého Stitu o pruméru 10 m na $panélském data and utilises it further for calibration and the back analysis of 3D mathe-

tunelu Abdalajis délky 7050 m shrnuje zkuSenosti ziskané pri razbé matical models using fuzzy-logic with the application of neurone nets.

v mimoradné sloZitych geotechnickych podminkach. Trasa prochézi silné The contribution on deployment of a 7050 m long, 10 m-diameter doub-

le-shielded TBM on the Abdalajis tunnel in Spain summarises experience
gained in the course of the excavation in extraordinarily complex geological
conditions. The route passes through a fractured and squeezing rock massif,
with weakness zones up to 100 m wide. Locally the groundwater table is
found up to 250 m above the tunnel axis. Absolutely unexpected was a sec-
tion with methane emissions.

porusenym a tla¢ivym horninovym masivem s poruchovymi zdénami
v délce az 100 m. Misty se droven hladiny podzemni vody pohybuje azZ
250 m nad osou tunelu. Zcela neoc¢ekdvany byl dsek s vyrony metanu.
Vystavba podzemni drahy v Singapuru zacala v roce 1983 a v sou-
Casnosti je provozovéano 138 km tras. Do roku 2010 by mélo byt dokonde-

no dalgich 34 km tunelii. Clének popisuje vystavbu jednotlivych linif se The construction of the subway in Singapore started in 1983, and

stru¢nym zhodnocenim geotechnickych podminek a technického feseni. 138 km of lines are being operated today. Further 34 km of tunnels should be
Proces optimalizace razby a odtéZovéni rubaniny na vodovodnim finished by 2010. The article describes the construction of individual lines,

piivadé&i pro mésto Mnichov — §tola Hofoldinger. Stola mé razeny primér with a brief assessment of geological conditions and technical solutions.
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34 maje 174 km dlouhd. Razi se pomoci §titi vybavenych lokélnimi roz-
pojovacimi mechanismy (IZice, impaktor, fréza na rameni). Podle zastize-
nych podminek se voli vhodny rozpojovaci mechanismus.

Piispévky pfednesené v rdmci prvniho dne konference (Osterreichis-
cher Tunneltag 2004) jsou uspordddny v némciné ve sborniku, ktery ma
125 stran.

Regionalni sympozium EUROCK 2004 a 53. Geomechanické kolo-
kvium probihaly spole¢né ve ¢tvrtek a v patek. Vzhledem k rozsahu témat
i mnoZstvi prispévku komentujeme pouze stru¢né témata jednotlivych
sekci. Jedndni probihala paralelné ve dvou sdlech kongresového centra
a byla rozdélena do nésledujicich sekef:

A1) Konsistentni metody geomechanického navrhu podzemnich
staveb

Prednesené prispévky byly z vetsi Casti zaméreny na rakouskou smérni-
ci pro geomechanicky navrh podzemnich staveb a prvni zkusSenosti z jeji
aplikace v praxi od jejiho predstaveni v Salzburku v roce 2001. Smérnice,
s jejimiZ zdsadami jsme se mohli sezndmit na semindfi v Praze 30.9.2004,
byla podrobena kritické diskusi a nékteré pripominky budou pravdépodob-
né zapracovany pii budouci aktualizaci. Celkové se jeji existence i pouZiti
povazuji za velmi piinosné.

A2) Opatreni provadéna pred tunelovou Celbou — jejich funkce

(acel) a pouziti

V rdmci této sekce probihala fada piispévku a diskusi o G¢innosti opat-
feni provadénych v predstihu pred razbou. Mimo injektéZe, tryskové injek-
tdze, jehlovéni a pouzivani mikropilotovych destnika byl prednesen i pris-
pévek o nasazeni zmrazovani zemin pri roz§ifeni néstupist¢ podzemni
drdhy na stanici Maridnské ndmésti v Mnichove v souvislosti s o¢ekdva-
nym zvySenim prepravniho zatiZeni pfi mistrovstvi svéta ve fotbale v roce
2006. Velmi zajimavy byl vysledek piispévku o pouZiti mikropilotovych
destnikt a jehlovéni. Pri porovnén{ vyhod a nevyhod obou technologii nad
mikropilotovymi deStniky mimé prevdzilo pouZiti jehlovani, zejména
z duvodu vets flexibility pii pouZiti v prostiedi ménicich se geotechnic-
kych podminek.

A3) Geotechnicky monitoring inZenyrskych staveb

Prispévky byly zaméfeny na dlouhodobé sledovani riznych typu staveb
(tficetilety monitoring tauernské délnice A10, 94 let trvajici monitoring
druhého vodovodniho pfivadéée pro mésto Viden, dlouhodobé sledovani
vodnich nddr7i a prehrad, Zelezni¢nich tuneld a pod.)

A4) Obnova a zlepseni (rekonstrukce) podzemnich staveb

Z prezentaci vyplynul systematicky pristup v pruzkumu a piipravé sana-
cf (katalog sanacf a rekonstrukci Zelezni¢nich tunelt). Starnuti podzemnich
dél a soucasné pozadavky na jejich vyuZiti, napr. z hlediska dne$ni inten-
zity dopravy, vyvoldvaji mimo udrzbu i rozsahlé stavebni zdsahy v existu-
jicich podzemich dilech, z nichZ nékteré se musi provadét za provozu.
V diskusi padl i dotaz (ne zcela zodpovézeny), pro¢ misto nakladné rekon-
strukce tunelu San Bernardino nebyl radéji vyrazen novy tunel.

B1) Stanovovani vlastnosti horninového masivu

Predneseny byly prispévky zabyvajici se experimentalnimi, empiricky-
mi i numerickymi pristupy k této problematice.

B2) Rozpojovani skalnich hornin

Vedle teoretickych prispévki byla pfednesena analyza vykona TBM na
tunelu v Hongkongu a také prispévek firmy Vost Alpina o nasazeni tézké
frézy AM 105-IC (vdha pres 100 tun) na razb¢ tunelu pro metro v Montre-
alu. Fréza byla nasazena v zastavéné oblasti, kde se podchézela feka pri
skalnim nadlozi 9 m. Nasazeny stroj svym vykonem i vyhodami, které pfi-
ndsi beztrhavinovd razba, obstél v soutéZi s metodou ,,drill and blast* po-
uzivanou na sousednich dsecich.

Do sborniku, ktery mé 800 stran, bylo prijato vice nez 150 prispévku
7 26 zemi. Mezi nimi byly 4 prispévky ze Slovenska z Technické univer-
zity Kogice a pouze jeden od spoluautora z Ceské republiky (Rekonstruk-
ce tunelu Beskyd na Zakarpatské Ukrajiné — D2 Consult/3G). Ve sborniku
prevazuji prispévky publikované v angli¢tin€ a to i u fady pfispévku od
autorti z némecky mluvicich zemi.

Odbornd tiroven viech ti akei byla vysokd. Lze jen doporudit, aby pro
zkuSenosti a kontakty do nedalekého Salcburku jezdilo z Ceské republi-
ky vice lidi a abychom pfisti rok zaslali i my pfispévky o podzemnich
stavbach realizovanych na nasem tzemi. Neodmyslitelnou soucdsti je
kazdoro¢né velmi bohatéd diskuse k jednotlivym piispévkum a tématim

The process of optimisation of excavation and mucking of the Hofol-
dinger gallery (an aqueduct for the City of Munich). The excavated cross sec-
tion diameter of this 17.4 km long gallery is 3.4 m. It is being driven using
shields equipped with local breaking mechanisms (a shovel, impactor, road-
header). The suitable breaking mechanism is selected according to the actual
conditions encountered.

The papers read in the framework of the first day of the conference (Oster-
reichischer Tunneltag 2004) are contained in German in the conference pro-
ceedings of 125 pages.

The EUROCK 2004 Regional Symposium, and the 53rd Geomechani-
cal Colloquium took place jointly on Thursday and Friday. With respect to the
range of the topics and the number of papers, we will comment briefly only on
the individual sections. The discussions were organised in parallel, in two halls
of the congress centre. They were divided into the following sections:

A1) Consistent methods of the geomechanical design of underground

structures.

The presented contributions were mostly focused on the Austrian directi-
ve on geomechanical design of underground structures, and initial experien-
ce gained from its application in practice since its introduction in Salzburg
in 2001. The directive, whose principles we could learn in a seminar held in
Prague on 30.9.2004, was subjected to a critical discussion, and some com-
ments will probably be taken into consideration in the next update. In gene-
ral, its existence and application are considered highly profitable.

A2) Measures carried out ahead of the tunnel face — their function
(purpose) and utilisation

A number of contributions and discussions took place in the framework of
this section, regarding efficiency of the measures carried out ahead of the
excavation face. In addition to grouting, jet grouting, forepoling and installa-
tion of canopy tube pre-support, also a paper was read on application of
ground freezing to the widening of the subway platform in the Maria Square
station in Munich, carried out with respect to the anticipated increase in traf-
fic intensity during the Football World Championship in 2006. A very inter-
esting result was contained in an paper on application of canopy tube pre-
support and forepoling. The advantages and disadvantages of the two techni-
ques were compared, with a conclusion that the forepoling is slightly more
advantageous, mainly because of higher flexibility of this technique when
applied in variable geotechnical conditions.

A3) Geotechnical monitoring of civil engineering constructions

The contributions were focused on long-term observation of various types
of constructions (30-year monitoring of the Tauern motorway A10, 94-year
monitoring of the second water supply tunnel for the City of Vienna, long-
term observation of water reservoirs and dams, railway tunnels etc.).

Ad4) Refurbishment and reconstruction of underground structures

The presentations provided a picture of a systematic attitude toward inves-
tigation and preparation of refurbishment projects (a catalogue of railway
tunnel refurbishment and reconstruction projects). The process of ageing of
underground works, and the current requirements fore their utilisation, e.g. in
terms of today’s traffic intensity, requires, apart from maintenance, also wide-
spread construction works in existing underground works. Some of those
must be carried out without any interruption to operation. A question was rai-
sed in the discussion (not fully answered), why a new tunnel was not driven
instead of the costly reconstruction of the San Bernardino tunnel.

B1) Determination of rock mass properties
The presented contributions dealt with experimental, empirical and nume-
rical attitudes to this issue.

B2) Rock cutting

In addition to theoretical contributions, an analysis was presented regar-
ding the performance of the TBM in a Hong Kong tunnel, and also Voest
Alpine’s contribution on the deployment of a heavy-duty roadheader AM
105-IC (a weight of 100 ton) in the Montreal tunnel excavation. The roadhe-
ader was deployed in a built-up area, where a river was to be crossed under
with the overburden 9 m thick. This machine, thanks to its production rate
and the advantage brought by non-blast excavation, succeeded in the compe-
tition with the drill-and-blast method used in the adjacent sections.

Over 150 contributions from 26 countries were incorporated into the volu-
me of papers of 800 pages. Four contributions were from Slovakia, from the
Technical University in KoSice, and only one paper was co-authored by
someone from the Czech Republic (Reconstruction of the Beskyd tunnel in
Carpatho-Ukraine — D2 Consult/3G). Contributions published in English pre-
vail in the volume of papers, even in the case of many authors from German
speaking countries.

The professional level of all contributions was excellent. It is recommen-
dable that more people travel to near-by Salzburg to gain experience and
contacts, and even for us, that we send our contributions on underground
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i kultivovanost a odbornost, s jakou jsou mnohdy odlisné ndzory disku- structures realised in our country. Every year, an inherent part is the brisk dis-
tujicich prezentovany. Pou¢né je i zjiSténi, s jakou samoziejmosti jsou cussion of individual contributions and topics, as well as the culture and pro-
v zahrani¢i pouZivany technologie, které pro nds stile maji prichut’,,exo- fessionalism with which the differing opinions of the discussion participants
tiky*. Jedn4 se napf. o razbu se stlatenym vzduchem nebo pod ochranou are presented. Surprising is also the finding that the utilisation of techniques

with still exotic taste for us (e.g. excavation supported by pressurised air or
by freezing) is commonplace abroad. Clients and contractors in our country
also still fear to use water-retaining concrete to secure waterproof lining wit-
hout waterproofing membrane.

The 54th Geomechanical Colloquium will take place in Salzburg on 13 to

zmrazovéni. Obavy investort i dodavatelskych firem u néds vyvoldva
i zajisténi vodonepropustnosti osténi pouZitim betonu odolného proti
prusakiim bez plastové izolace.

54. Geomechanické kolokvium se v Salcburku bude konat 13. az

14. fijna 2005 (informacve Ize najit na WCPOVé stréflce: www.oegg.at) 14 October 2005 (information available on the web site: www.oegg.at), and
a Burock 2005 bude v kvétnu v nasi republice v Brné. i} the Burock 2005 will be held in May in our republic, in Brno.
ING. LIBOR MARIK, ING. MILOSLAV NOVOTNY, ING. LIBOR MARIK, ING. MILOSLAV NOVOTNY,
ING. MARTIN SRB ING. MARTIN SRB
Mezinarodni konference Geotechnika 2004 The Geotechnika 2004 International Conference
Tradiéni konference Geotechnika, na jeji organizaci se podili VSB The traditional conference Geotechnika, organised jointly by the Mining
Technicka univerzita Ostrava, Technickd univerzita KoSice a Politechnika University of Ostrava, Technical University of KoSice, and Politechnika Slas-

ka of Glivice, took place on 22 — 24 September in Strbské Pleso. The wide
range of issues contained in this topic was divided into two plenary sections:
H Geotechnical issues of underground, traffic and water resources

slaska Gliwice, se letos konala ve dnech 22. — 24. z4if na Strbském plese.
Tematicky velmi §irokd problematika byla rozdélena do dvou plendrnich

sekcf: .
- . . P .y construction
u Ge}otechmcke problémy pozemnich, dopravnich a vodohospodar- H Topical issues of the geotechnics of underground works, and revita-
skych staveb . lisation of areas affected by long-term mining
B Aktuélni problémy geotechniky podzemnich dél a revitalizace The conference presented 77 papers in total, prepared by Slovakian,
tizemi postiZenych dlouhodobou bariskou ¢innosti Polish, Hungarian and Czech authors. The topic of the conference represents
Na konferenci bylo prezentovano celkem 77 referétu slovenskych, pol- the ever wider field of geotechnical tasks, and proves the significant deve-
skych, madarskych a Ceskych autorl. Jejich tematika reprezentuje stile lopment of geotechnical technologies using new, mainly chemical materials.
Sirsi pole geotechnickych dloh a potvrzuje vyrazny rozvoj geotechnickych Major part of the papers document the development of mathematical model-
technologif s vyuZivanim novych, predeviim chemickych materidli. Velkd ling methods in geomechanics and geotechnics, while current program files

allow modelling of particular geotechnical solutions in rock and soil envi-
ronment (micro piles, retaining columns, sheet piles, etc.). Outstanding in this
sphere are, above all, the achievements of the staff of the department of
underground construction of the faculty of civil engineering, the VSB TUO
(a mining university).

As a present-day topic, we can consider the area of geotechnical methods

Cast prispévku dokumentuje rozvoj metod matematického modelovéan{
v geomechanice a geotechnice, pri¢emZ dne$ni programové soubory
umoziuji modelovéani konkrétnich geotechnickych feseni v horninovém
a zeminovém prostredi (mikropiloty, opérné sloupy, zardZené §tétovnice
atd.). V této oblasti jsou neprehlédnutelné predevsim préce z okruhu pra-

covnikii katedry podzemniho stavitelstvi Stavebni fakulty VSB TUO. and attitudes associated with removal of old environmental burdens, and the
Jako velmi aktudlni se jevi tematickd oblast geotechnickych metod a pii- impact of past mining activities on the living environment. This issue shows

stupt spojenych s odstranovdnim starych ekologickych zdtézi a vlivu very hot in all European post-communist countries.

predchozi banské ¢innosti na Zivotni prostredi. Ukazuje se, Ze tato proble- A record number of 200 professionals took part in the conference. The

matika je velmi Zivd ve viech postkomunistickych zemich v Evropé. exceptionally adverse weather in the High Tatras did not please the partici-
Konference se zi&astnil rekordni potet 200 odbornikii. Mimorddné pants, but, on the other hand, it contributed to the abundant presence in the

sessions and discussions. An agreement was achieved in Strbské Pleso regar-

nepriznivé pocasi ve Vysokych Tatrdch tcastniky nepotésilo, ale na druhé X X . ) SO -
ding the accession of a representative of Hungarian universities (the Univer-

stlrane prispelo Vk hojné Casti na prednafk:ich A dlSkus,ICh' ,Na Strbskf:m sity in Miskolc) to the organising committee of these conferences. Therefo-

? ese bylo .dosageno d,"h(’dy 0 pnstoupenj zastup?e mada}rskych VySOkyC}} re, the next conference will take place in Hungary in 2005.

kol — Univerzity Miskolc do organizacniho vyboru téchto konferenci, DOC. ING. RICHARD SNUPAR EK, CSc.

takZe pifsti konference v roce 2005 bude uspoiddana v Madarsku.
DOC. ING. RICHARD SNUPAREK, CSc. | The Road Conference 2004

Hradec Krélové is the next town after Pilsen that is eagerly awaiting

Silnicni konference 2004 a highway connection with Prague, and virtually the whole of Europe. The so

Hradec Krdlové je dal§im méstem po Plzni, které nedockavé ocekéava long discussed and planned project of the D11 highway is gaining momentum,
ddlIni¢n{ spojeni s Prahou a vlastné s celou Evropou. Dlouhodobé diskuto- although not at an ideal speed, which fact is not specific for this project only.
vand a pfipravovan4 dalnice D11 se rozbih4, byt'ne v idedlnfm tempu, ale Nobody was therefore surprised by the decision to organise the important Road

Conference 2004 in this town.

The already 12th conference event took place on 19 — 20 November 2004,
closely followed by the professional public, with over 800 participants and
60 exhibitors present. The conference topics were traditional. They dealt with
the wide scope of issues concerning the most common traffic mood, the road

tato skutecnost neni specifickd jen pro tuto stavbu.

A tak rozhodnuti uskutecnit vyznamnou silni¢ni konferenci 2004
v tomto mésteé nikoho nepiekvapilo.

V poradi uz 12. konference se konala ve dnech 19. — 20. 11. 2004 za

o v

obrovského zdjmu odborniku, d¢astniku bylo vice nez 800 a vystavovate-

traffic.

14 bylo 60. Témata konference byla tradi¢ni a zabyvala se Sirokou proble- The opening block containing speeches by the minister of transport and
matiku nejroz3ifenéjsiho zplsobu dopravy. representatives of regions expressed the support for the improvement of con-

V tivodnim bloku s projevy ministra dopravy a predstaviteli regiont se ditions of construction and maintenance of the road network, and primarily
hlavné odrdzela podpora pro zlepseni podminek vystavby a idrzby silni¢- the support for development of a modern highway and expressway network.
ni sit€, hlavné viak podpora vystavby moderni sité ddlni¢nich a rychlost- The other blocks comprised the following concrete topics:
nich komunikaci. — Intentions in the field of the development of the road management sys-

tem

Dalsi bloky uz byly naplnény konkrétnimi tématy:
— Zaméry rozvoje silni¢niho hospodérstvi,

— Stav silniéni sité v roce 2004 a jeji dal3{ rozvoj;
— Financovdni silni¢niho hospodafstvi;

— Condition of the highway network in 2004 and its further development

— Road traffic safety

On entering the EU, the traffic situation in the Czech Republic has beco-
me more or less also a European issue. This means that it is in a focus of

— Bezpecnost silni¢niho provozu. attention of European commissions and bodies. The following impulses are
Vstupem Ceské republiky do EU se nase dopravni situace stdva vice- important for our professional public:

méné i evropskou zdleZitosti. Konkrétné to znamend, 7e je predmétem — The European Road Safety Charter

pozornosti evropskych komis{ a organu. — The OECD recommendation on Road Property Administration
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Pro nasi odbornou ¢innost jsou dileZité nasledujici podnéty:

— Evropskd charta bezpecnosti na silnicich;

— OECD - doporuceni ke spravé silni¢niho majetku.

Prioritou rozvoje dopravni infrastruktury je i nadéle nejen dobudové-
ni sité dédlnic a rychlostnich komunikaci, obchvati velkych mést
a modernizace Zelezni¢nich koridorl, ale také bezpefnost dopravy
a miniméln{ dopady na Zivotni prostfedi. Tyto zdvéry prijala naSe zemé
v rdmci mezindrodnich smluv a je velmi naroénym tkolem SFDI pro
jejich splnéni zajistit financovani. Je proto nutno sledovat zamer vytvo-
feni autonomniho systému financovéni, jehoZ zdrojovd podstata by
méla byt tvofena z podilu spotiebni dané z mineralnich oleju, zpoplat-
néni vybrané infrastruktury dalni¢ni a silni¢ni (elektronické myto),
novych Gvérl na priority, ale i partnerstvi vefejného a soukromého sek-
toru (napr. PPP), popripadé vydéni cennych papiru.

Generalni feditel RSD ing. Petr Lau§man ve svém referdtu zdraznil
nékteré duleZité ukoly této organizace pro ndsledujici obdobi:

— zména organiza&niho uspoiddani RSD CR v&etné dislokace a umisté-

ni GR v Ceranského ulici v Praze 4;

— systém zaddvéni vefejnych zakdzek dle zdkona 40/2004 Sb. a prova-
décich vyhldsek ve vazbé na vstup CR do EU;

— problematika financovani na r. 2005;

— varianty a zmény hospodérské formy organizace;

— legislativni problémy v piiprave, které by mély byt feSeny prijetim
zvlastniho zdkona se zaméfenim hlavné na zkrdceni lhut izemniho
(stavebniho) Tfizeni, akceptovdnim nedosaZeni dohody na odkup
pozemku, zdnik prav tfetich osob v piipadé vyvlasténi, ddle souhrnné
povoleni na tseku zdkona o ochrané piirody, tj. koncentrace do jed-
noho fizeni a prokazovani vlastnického prdva k pozemkim aZ bez-
prostredné pred zahdjenim stavby.

V obdobf let 1985 az 2003 vzrostl dopravni vykon na silnicich a délni-
cich 0 96 % (na délnicich a silnicich I. tfidy az o 122 %). Planovany roz-
sah délnic v CR &inf asi 1000 km, pfi¢em? je v provozu 535 km. Pro rea-
lizaci vystavby ddlnic D1,D3,D8, D11 a D47 bude zapottebi 165 mld. K&.
K tomu pristupuje jesté nutnost dostavby rychlostnich silnic v rozsahu cca
180 mld. K¢. Vyznamnou formou financovéni je vyuZivani zahrani¢nich
zdroju, predev§im Gvéra EIB. Ze staveb, na kterych jsou tunelové objekty,
sem patif:

— obchvat délnice D5 kolem Plzné;

— délnice D8 — stavba 0807, ¢ast spolufinancovéna z fondu ISPA;

— Prazsky okruh — tsek Slivenec — Vestec, st. 513 a 514.

Z dalsiho programu je mozno uvést:

— dalnice D8 — stavba 0805;

— silni¢n{ okruh Ruzyné — Bfezinéves 518, 519.

Dalsi prispévky se vénovaly pripravé a problematice vystavby ddlnice
D8, D11 a D47. Obecné 1ze konstatovat hlavn{ problémy:

— financovanti;

— ziskdvéni pozemk za stdtem regulovanou cenu;

— postoj ekologickych organizacf;

— soudn{ spory.

1 pres nemalé potize vystavba ddlnic pokracuje, stavi se tisek D8 — 0807,
zahdjena byla vystavba D11, D47. Ta bude financovdna dle zdkona
220/2003 Sb. dluhopisovym programem.

Pijetim ,,Nérodni strategie bezpe&nosti silni¢niho provozu“ vlada CR
jednoznacné vyjddrila zdjem feSit nasi tragickou situaci. Vidyt’ ukazatele
nehodovosti jsou u nds az dvojndsobné vyssi nez prumer EU. Strategie
byla rozpracovdna do ak&niho planu, ktery zahrnuje pfimé intervence, kte-
rymi Ize dosdhnout kritkodobého efektu, a opatieni dlouhodobého dosahu.

Na trovni Evropské komise byla ve 12/2003 publikovana zprava ,,Road
Infrastructura Safety Management®, kterd zavadi nasledujici ndstroje:

— systém fizeni mist s Castym vyskytem nehod;

— bezpecnostni audit;

— hodnoceni dopadu na silni¢ni bezpe¢nost (obdoba EIA);

— systém fizen{ bezpecnosti silni¢nf site;

— bezpecnostni inspekce stdvajicich komunikaci.

Samoziejmé na viechny tunelové stavby silni¢nf sité je nutno prihliZet
se zvySenou pozornosti z hlediska bezpe¢nosti. Zde byla zdiraznéna nut-
nost spolupréce organizaci ITA a PIARC.

The completion of the development of the highway and expressway net-
work, by-pass roads around big towns, and modernisation of railway cor-
ridors remain priorities of the traffic infrastructure development even for
the future, as well as traffic safety and minimisation of environmental
impact. Our country accepted these conclusions in the framework of inter-
national treaties, and it is a very difficult task for the SFDI to secure funds
for their implementation. It is therefore necessary to follow the intention
to establish an autonomous system of funding, whose basic source should
be found in a share of the mineral oils consumption tax, toll proceeds
(electronic system of toll collection), new loans for priorities, but also PPP
projects, or floatation of securities, if necessary.
In his paper, Mr. Petr LauSman, the C.E.O. of the Directorate of Roads
and Motorways of the CR (RSD CR), placed stress on the following
important tasks of this organisation for the oncoming period of time:
— achange in the organisational system of the RSD CR, including loca-
tion of the headquarters in Cerlansk4 Street in Prague 8

— a system of calling public tenders according to the Law No. 40/2004
Coll. and relevant Execution Orders, in relation to the CR entry to the
EU

— variants and changes of the economic form of the organisation

— legislative problems in the preparation that should be solved by the
adoption of a special law focusing primarily on the reduction of terms
for the zoning (building permission) proceedings, by acceptance of
a failure to achieve a land purchase agreement, extinction of a right of
third parties in case of expropriation, an aggregate permission in the
sphere of the Nature Conservation Act, i.e. concentration into a sing-
le proceedings and documentation of ownership just before commen-
cement of the construction work.

In the 1985 — 2003 period, the traffic volume on roads and motorways
grew by 96 % (on motorways and primary roads even by 122 %). The
planned scope of motorways in the CR amounts roughly to 1000 km,
while 535 km of motorways are operating. The construction of the motor-
ways D1, D3, D8, D1 and D47 will require 165 billion K¢. The sum of
approximately 180 billion K¢ necessary for completion of expressways is
to be added to that sum. A significant form of funding is the utilisation of
foreign sources, primarily loans from the EIB. Among those, the following
projects contain tunnel structures:

— the motorway by-pass around Pilsen

— the D8 motorway — construction lot 0807, partially funded from an

ISPA fund
— the Prague City Ring Road, section Slivenec — Vestec (construction
lots 513 and 514)

Other randomly selected projects:

— the D8 motorway — construction lot 0805

— the ring road Ruzyné — Biezinéves, construction lots 518, 519.

The other contributions dealt with the preparation and problems of the
construction of the motorways DS, D11 and D47.

In general, the main problems can be characterised as follows:

— funding

— land acquisition for state regulated prices

— attitudes of environmental groups

— litigation cases.

Even despite not negligible difficulties, the construction of the motor-
ways continues, the D8 — 0807 section is in progress, the construction of
the D11 and 47 has begun. This construction will be funded according to
the Law No. 220/2003 Coll., using a loan programme.

By adopting the “National Road Traffic Safety Strategy”, the govern-
ment of the CR expressed explicitly its interest in solving our tragic situ-
ation. It is generally known that the accident rate in our republic is twice
the EU average. The strategy was worked out into an action plan compri-
sing direct interventions, which can help us to achieve a short-term effect,
and long-term measures. The “Road Infrastructure Safety Management”
report was published at the level of the European Commission in Dec.
2003. The report introduces the following tools:

— a management system dealing with accident prone locations

— a safety audit

— aroad safety impact assessment (similar to the EIA)

— aroad infrastructure safety management system

— safety inspection over existing roads.

Of course, all tunnels within the road network must be dealt with incre-
ased attention in terms of safety. Regarding this point, the stress was pla-
ced on co-operation between the ITA and PIARC organisations.

The conference also summarised new technical standards and regulati-
ons applicable to underground roads, elaborated or reviewed in 2003 to
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Na konferenci byly v materidlu shrnuty také nové technické normy
a predpisy pro pozemni komunikace zpracované nebo novelizované
v obdobi 2003 az 2004. V ndvaznosti na geotechnickou problematiku se
jednd o:

PK(TKP)4 Zemni prace revize 2004
PK(TKP)16 Piloty a podzemn( stény 1/2003
PK(TKP)24 Tunely revize 2004
PK(TKP)29 Zvlastni zakladani 2/2004
PK(TKP)30 Specidlni zemni konstrukce 1/2003
PK(TKP-D)-7  Tunely, podzemni objekty, galerie  revize 2004
PK(TKP-D-11)  Zivotni prostiedi 1V/2004
CSN 73-75-07-99 Projektovéni tuneli pozemnich

komunikaci revize 2003/04
TP-93 Névrh a provadeéni staveb PK

s vyuZitim popilku a popela 2003
TP-94 Zlepseni zemin revize 2004
TP 98 Technologické vybaveni tunelt PK 2003

TP Bezpecnost v tunelech PK
v¢. analyzy rizik 2004/2005
Ve sborniku konference byly tradi¢né encyklopedicky zafazeny:
—  Adresdr spravea pozemnich komunikaci a ddrzby silnic
—  Krajské tfady a statutdrni mésta vetné adres zdstupcl pro dopravu
—  Adresir ¢lent Ceské silniéni spoleénosti
—  Adreséf ¢lenti Ceskomoravské asociace dopravniho znadeni
— Kalendér odbornych akci pro rok 2005-2007
ING. PETR VOZARIK

Konference Zeleznice 2004

Tradi¢ni dvoudenni zaseddni projektantt, investoru, staviteli a spravcu
této dopravni oblasti se uskutecnilo v Praze ve dnech 14. a 15. prosince
2004.

Zékladni témata konference:

— Investi&ni priority Zeleznic CR do roku 2010

— Interoperabilita v podminkach Zelezni¢ni sité CR
— Rozvoj zelezni¢ni infrastruktury v ramci kraju

— Zabezpecovaci technika a ddlkové ovladani

Vstupem do evropského spolecenstvi se vytvari tlak na rozvoj dopravy
zvlasté v zemich stredni a vychodni Evropy, coZ tzce souvisi s novymi
ekonomickymi aktivitami. Ukolem v Zeleznini dopravé je vytvofit jedno-
tny evropsky prostor schopny konkurence, hospoddrny, spolehlivy a bez-
pecny. Z investi¢nich priorit do roku 2010 je tfeba vyzvednout:

— Modernizaci III. a IV. tranzitniho koridoru

— Modernizaci Zelezni¢nich uzla Praha a Brno

— Pokracovat v elektrifikaci a rekonstrukci tratf zarazenych do sité TEN-T

— Zelezni¢ni spojent leti§t¢ Praha-Ruzyné s napojenim na Kladno

Podstatnd ¢dst referdta se ddle vénovala formé a zpracovéni tendro-
zace III. koridoru.

Na tseku Plzen — Ejpovice jsou navrhovany dva nové tunely Homolka
v délce 2400 m a Chlum délky 1300 m. Dalsi nové nebo rekonstruované
tunely 1ze ofekdvat na trati Stribro — Pland u Maridnskych Lazn{. Velky
rozvoj Zelezni¢ni dopravy se planuje i ve spolupraci s partnery Némecka
a Rakouska v JihoCeském kraji. Nejvyznamnéjsi stavbou je tady IV. tran-
sitni koridor, ale nelze opomijet ani projekt Sumavské elektrické drahy.
Také tady se ofekdvd fada tunelovych staveb. Z pripravy a realizace sou-
Casnych staveb zaujal GCastniky prispévek vénovany vystavbé Ceskotre-
bovskych tuneli stavénych v rdamci vystavby II. Zelezni¢niho koridoru.
Budovani tuneld bylo zahdjeno v roce 2002 stavbou Krasikovského a Tate-
nického tunelu. Tyto byly zprovoznény v leto$nim roce, kdy byla zahdjena
razba dalSich tuneli Mald Huba (324 m), Hnévkovsky I (180 m), Hnév-
kovsky II (462 m). ING. PETR VOZARIK
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2004. In relation to the geotechnical issues, these are the following
technical specifications (PK, TKP, TP) and standards (CSN):

PK(TKP)4 Earthmoving Works review 2004
PK(TKP)16 Piles and Diaphragm Walls 1/2003
PK(TKP)24 Tunnels review 2004
PK(TKP)29 Specialised Foundation 2/2004
PK(TKP)30 Special Earthen Structures 1/2003
PK(TKP-D)-7 Tunnels, Underground Structures,

Galleries review 2004
PK(TKP-D-11)  Environment 1V/2004
CSN 73-75-07-99 Design of Road Tunnels review 2003/04
TP-93 Design and Construction of Roads

using Fly Ashes and Cinders2003
TP-94 Soil Improvement review 2004
TP 98 Road Tunnel Equipment 2003
TP Safety in Road Tunnels

incl. Risk Analysis 2004/2005

The following papers were incorporated into the conference proceedings,
traditionally in an encyclopaedic way:
— Road administration and Road Maintenance Directory
— Regional authorities and statutory cities, including addresses of repre-
sentatives for traffic issues
— Czech Road Society Directory
— Czech-Moravian Road Signalling Association Directory
— Calendar of technical events 2005 — 2007
ING. PETR VOZARIK

Conference Railway 2004

The traditional meeting of designers, owners, contractors and administra-
tors acting in this sphere of traffic took place in Prague on 14 and 15 Decem-
ber 2004.

The conference key topics:

— Investment priorities of the CR’s railways up to 2010

— Interoperability in the conditions of the CR’s railway network

— Development of railway infrastructure in regions

— Interlocking and remote control systems

The entry to the European Union is followed by increased requirements for
the development of traffic infrastructure, above all in Central and Eastern
Europe. These requirements are closely connected with new economic acti-
vities. The task for the railway traffic is to establish a unified European space,
which would be competitive, economical, reliable and safe. We should emp-
hasise the following priorities of the period ending 2010:

— Modernisation of the Transit Corridors IIT and IV

— Modernisation of the Prague and Brno railway junctions

— Continuation of electrification and reconstruction of railway lines incor-

porated into the TEN-T network

— Railway connection to the Prague — Ruzyné airport, with an extension to

Kladno

Substantial part of the further papers dealt with the form and elaboration
of tender packages for the closest railway projects, and with the preparation
of modernisation of the Corridor III.

Two new tunnels are being designed for the section Pilsen — Ejpovice, i.e. the
2400 m long Homolka tunnel and 1300m long Chlum tunnel. Other new or
reconstructed tunnels can be expected on the railway line Stiibro — Pland
u Maridnskych ldzni. Significant development of railway traffic is planned, also
in collaboration with German and Austrian partners, in the South Bohemian
region. The most important project in this region is the Transit Corridor IV, but
also the Sumava Electrical Rilway Line project cannot be left unmentioned.
A number of tunnel constructions are expected on those lines too. Out of the
papers dealing with the preparation and realisation of the current constructions,
the most attractive for the participants was the paper dedicated to the construc-
tion of the Ceska Trebovd tunnels, built in the framework of the Railway Cor-
ridor II Project. The the tunnelling works started in 2002 by the construction of
the Krasikov and Tatenice tunnels. They were opened to traffic this year. Also
the excavation of other tunnels started this year, i.e. the Mald Huba tunnel
(324 m), Hnévkov I (180 m) and Hneévkov II (462 m).

ING. PETR VOZARIK
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Aktuality z podzemnich staveb v Ceské a Slovenské republice
Current news from the Czech and Slovak underground construction

CESKA REPUBLIKA
Prvni prorazka na dalnicnim tunelu Panenska

Prvni prordzka historicky prvniho a soucasné asi i v budoucnosti
nejdelstho délni¢niho tunelu na tzemi Ceské republiky se stala sku-
tecnosti v 8 hodin a 40 minut v utery 2. listopadu 2004. V tuto chvili
byl proveden posledni odpal v kaloté¢ levé tunelové trouby tunelu
Panenskd, jejiz celkova délka je 1994 m. Prorazce predchazely velmi
dobré postupy, kdy napr. v fijnu 2004 bylo na kalotidch obou tunela
vyrazeno celkem 487,7 m, z toho v levé tunelové troubé byl postup od
severniho portalu 225 m.

Ke konci roku 2004 bylo vyrazeno v zdpadni tunelové troubé 100 %
kaloty, cca 83 % jadra a ve vychodni tunelové troubé cca 84 % kaloty
a 71 % jadra.

Prorazka priizkumné stoly
pro tunel Radotin - Slivenec na st. 514

Na prazském silni¢nim okruhu byla dne 18. listopadu 2004 dokon-
Cena razba pruzkumné $toly na stavbé 514. Prordzka 1313 m dlouhé
Stoly se uskutecnila v predstihu 3,5 mésice pred pldnovanym terminem
predev§im proto, Ze razba probihala z obou portdli. Z radotinského
portdlu bylo dovrchné vyrazeno 709 m a z lochkovského tpadné
604 m. Razi¢ské prace provadéli pracovnici vyssiho dodavatele, kte-
rym byla divize 5 Metrostav a. s., a subdodavatel Bérnské stavby Prie-
vidza. Prizkumnd $tola prokézala hor$i geotechnické podminky pro
razbu budouciho tunelu, neZ se puvodné predpoklddalo.

Zelezniéni tunely na optimalizované trati
Ceska Tirebova - Zabieh na Moravé

2V,

V srpnu a zdi{ roku 2004 byly zprovoznény dokoncené tunely Kra-
sikov 1 a Krasikov 2 (Tatenice). Tim definitivné skon¢il provoz staré-
ho tatenického tunelu a s délkou 1098 m se tunel Krasikov 1 stal
nejdeliim Zelezni¢nim tunelem v siti Ceskych drah.

Slavnostni uloZeni soSky sv. Barbory do portdlt tuneld Mald Huba
a Hnévkov II se konalo za d¢asti v§znamnych hostt ve stiedu 20. fjna
2004. V této cdsti optimalizované trati se mimo vySe uvedené tunely
bude razit jesté tunel Hnévkov I, celkovd délka vSech tii tuneld je
964 m a nejdelsi z nich je tunel Hnévkov II s délkou 462 m. Obé por-
tdlové jamy tohoto tunelu jsou umistény v tésné blizkosti feky Morav-
ské Sdzavy ve velmi stisnénych a v obtizne pfistupnych mistech.

K 1. 1. 2004 je z tunelu Hnévkov II vyraZzeno 310 m kaloty
a 200 m celého profilu dvoukolejného Zelezni¢niho tunelu. Intenzivné
se pracuje na zajisténi vjezdového portélu, ktery se nachdzi ve strmém
skalnim vychozu kopce Hejnice té€sné nad provozovanou silnici do
obce Hnévkov.

Prodlouzeni trasy IVC2 prazského metra

V blizkosti budouci stanice Prosek II na prazském sidlisti Prosek
bylo ve stfedu 13. fijna 2004 otevreno informacni stredisko metra.
Jeho posldnim je poskytovat vefejnosti aktudlni informace o stavbe,
kterd by méla byt zprovoznéna v poloviné prosince roku 2008. Stre-
disko je v umisténo v byvalém obchodnim centru v Jablonecké ulici €.
722. Névstévnici se v ném sezndmi s technickymi ddaji stavby, uvidi
vizualizace budoucich tff stanic a mohou absolvovat virtualni projizd-
ku budoucim 4,5 km dlouhym dsekem metra. Stredisko je otevieno
kazdé ttery od 15.00 do 18.00 hod.

Slavnostni osazeni so$ky sv. Barbory do portdlu 35 m dlouhého pri-
stupového tunelu pro razbu dvojkolejného tunelu mezi Prosekem
a kone¢nou stanici tseku IVC2 v Letnanech probéhlo 11. listopadu
2004. Dvojkolejny tunel o profilu 65 m? (v rozpletu skoro az 100 m?)
bude dlouhy 1285 m, pred stanici Letnany se budou jesté razit jedno-
kolejné tunely délky 65 m.

K zac¢étku roku 2005 bylo na raZzeném dseku mezi Ladvim a Prose-
kem, ktery je dlouhy necelych 1000 m, vyraZeno celkem 226 m, a sice

CZECH REPUBLIC
The first breakthrough of the Panenska tunnel

The first heading of this tunnel, which is the first highway tunnel
in the Czech Republic and is likely to remain the longest one, broke
through around 8.40 a.m., 4 November 2004. The last blasting was
carried out at that moment in the top heading of the left tunnel tube
of the 1,994 m long Panenskd tunnel. The breakthrough was prece-
ded by very good advance rates, for instance in October 2004 when
487.7 m in total were excavated in the top headings of both tunnels
(out of that, the left tube excavation advanced 225 m in the direction
from the north portal).

By the end of 2004, 100 % of the top heading and 83 % of bench
excavation had been completed in the western tunnel tube, while
about 83 % of top heading and 71 % of bench had been finished in
the eastern tube.

The breakthrough of the exploration gallery for
the tunnel on the Radotin - Slivenec road, con-
struction lot 514

The excavation of the exploration gallery was completed on the
construction lot 517 of the Prague City Ring Road on 18 November
2004. The 1,313 m long gallery broke through 3.5 months ahead of
schedule, mainly thanks to the fact that the excavation was carried
out from both portals. Employees of the main contractor, the divisi-
on 5 of Metrostav a.s., and miners of the subcontractor, Banske stav-
by Prievidza, excavated 709 m uphill from the Radotin portal, and
604 m downbhill from the Lochkov portal. The exploration gallery
proved worse geological conditions for the excavation of the future
tunnel than originally expected.

Railway tunnels on the optimised route
from Ceska Trebova to Zabieh na Moravé

The completed tunnels Krasikov 1 and Krasikov 2 (Tatenice) were
placed into service in August and September 2004 respectively. As
a result, the operation of the old Tatenice tunnel was terminated for
once and all, and the Krasikov 1 tunnel, with its length of 1,098 m,
became the longest railway tunnel within the network controlled by
the Czech Railways.

The ceremonies of placement of Saint Barbara’s statuettes at the
portals of the Mald Huba and Hnévkov II tunnels, taking place on
20 October 2004, were attended by important guests. In addition to
the above-mentioned tunnels, another tunnel, the Hnévkov II, will be
driven in this section of the optimised railway route. Total length of
the three tunnels amounts to 964 m; the Hnévkov II is the longest of
them with its length of 462 m. Both portal pits of this tunnel are loca-
ted in a close vicinity to the Moravskd Sdzava River, in locations
which are very constrained and difficult to access.

As of 01/01/2004, the excavation of 310 m of the top heading and
200 m of the full profile of the double-track tunnel Hnévkov II had
been completed. Intense work has been in progress on the support of
the entrance portal, which is found within a steep rock outcrop of
Hejnice Hill, just above an operating road to the village of Hnévkov.

The extension of the Prague Metro Line IVC2

An information centre was opened near the future station Prosek
IL, in the Prague settlement Prosek, on 13 October 2004. Its mission
is to provide the public with topical information on this construction,
scheduled to be opened to traffic in mid December 2008. The centre
is located in a former shopping centre in Jabloneckd Street No. 722.
Visitors will find technical data on the construction; they will see
visualisations of three future stations, and can experience a virtual



Toel 14. rotnik - €. 1/2005

133 m ve sméru od Ladvi a 93 m ve sméru od Proseka. Ve stejné dobé travel through the future 4.5 km long subway section. The centre is

z dvojkolejného tunelu mezi Prosekem a Letiiany postoupila razba od open every Tuesday from 3.00 p.m. to 6.00 p.m.

pristupového tunelu u gardzi KliCov 99 m smérem k Proseku The ceremonial installation of Saint Barbara’s statuette to the por-

a 75 m smérem do Letnian. tal of a 35 m long access adit serving for the excavation of a double-
track tunnel between Prosek and the terminal station of the subway

Nové spojeni Praha hl. n., Masarykovo n. - Liben, section IVC2 in Letiany took place on 11 November 2004. The

Wsoéany, HoleSovice double-track tunnel with a cross section of 65 m? (nearly up to

100 m?2 at the bifurcation chamber) will be 1,285 m long; in additi-
on, single-track tunnels 65 m long will be driven before the Letnany
station.

By the beginning of 2005, a total length of 226 m of the nearly

O zahdjeni jedné z nejvétsich soucasnych staveb v Ceské republice
jsme informovali v minulém ¢isle. Pokud jde o podzemni objekty na
této stavé, rozbehla se naplno realizace hloubeného Zelezni¢niho tune-
lového mostu, jehoZ zhotovitelem je ¢len sdruzeni ,,Prazské spojeni* —

divize 5, Metrostav a. s. Stejnd firma provéd{ pifpravné prace pro 1,000 m long Ladv{ - Prosek section excavation had been completed
zahdjeni razeb dvou vitkovskych tuneld. Pracuje se na hloubeni | (133 min the direction from Ladvi, and 93 m from Prosek). In the
vychodni portdlové jamy a budovani zafizeni stavenist¢ potiebného same period, the excavation of the double track tunnel, carried out
pro razby tunelii. Ve strmém svahu Vitkova a v t&sné blizkosti provo- from the intersection with the access adit near the Kli¢ov garages,
zovanych trati musi byt provedeny jeSté dal§i objekty, jako je advanced 99 m toward Prosek and 75 m toward Letnany.

270 m dlouh4 zarubni zed, opém4 zed apod., které podmifuji prove-

denf portdlové jamy i ploch potiebnych pro razbu. The New Connection between the Prague

K 1. 1. 2005 byly na vychodnim portdle tuneli Nového spojeni Main Station — Masaryk Railway Station — Liben,
navrtdny mikropiloty horni etdZe stavebni jimy véetné provedeni Vysocany, HoleSovice
vrchni Zelezobetonové prevdzky a navrtdni vCetné osazeni trvalych
lanovych kotev v ni. Mezi svitky pak probéhlo odtéZen{ této horni
etdzZe o dalsi kotevni droven cca 3 m.

We informed the readers about this project, one of currently the
largest civil engineering projects in the Czech Republic, in the pre-
vious issue. Regarding underground structures of this project, the
work on the cut-and-cover railway tunnel “bridge” was started by the
division 5 of Metrostav a.s., the contractor, a member of the Prague

Razba tunelu Valik zahajena

Na zacatku fijna 2004 zahdjil Metrostav a. s. na tunelu Valik, ktery Connection joint venture. The same company is carrying out preli-
je soucasti plzenského délni¢niho obchvatu, razby dvou hlavnich tune- minary work for the commencement of excavation of two Vitkov
lovych trub — severnf a jizni, kazdd o plose vyrubu piiblizné 150 m2. tunnels. The east portal pit is being excavated and site facilities nee-
Razba NRTM se provadi ¢lenénym porubem na Ctyfi Cdsti, pfi¢emZ — ded for the tunnel excavation are being built. Other structures must
s ohledem na spole¢nou stfedni opéru — je nutné vzdjemnou polohu be constructed on the steep slope of Vitkov Hill and in a close vici-
Celeb hlavnich kalot udrZovat tak, aby stfedni opéra, do které se obé nity of operating railway tracks, e.g. a 270 m long revetment wall,
kaloty (severn{ i jizni) opirajf, byla zatéZovéna symetricky. a retaining wall etc., which are a prerequisite for the execution of the

Do konce roku 2004 bylo vyrazeno 100 bm bo¢nich tunela (kazdy portal pit and areas required for the excavation.

o ploSe asi 50 m?) v obou tunelovych rourdch a 60 m obou kalot hlav- As of 01/01/2005, the installation of micro-injection piles suppor-

nich tunelu.
Soucasné bylo zabetonovéano priblizné 260 bm stredni opéry a jeji
dokonceni bylo pldnovano do 20. ledna 2005.

ting the upper stage of the construction pit had been completed, inc-
luding the upper reinforced concrete waler and drilling, placement
and activation of permanent cable anchors passing through the waler.
Subsequently, between Christmas and the New Year’s Eve, the upper

Ocenéni podzemnich staveb stage was excavated down to the next stage level, about 3 m lower.
V roce 2004 ziskaly z podzemnich staveb vyznamnd ocenéni
stavby: The Valik tunnel excavation started

— ProdlouZeni trasy IVC1 prazského metra ziskalo v soutéZi Stavba
roku cenu primdtora hl. m. Prahy a cenu Ministerstva prumyslu
a obchodu CR za nejlepsi stavbu financovanou z vefejnych pro-
stiedka.

— Titul Dopravni stavba roku 2004 ziskala stavba Zelezni¢niho tune-
lu Veprek na trati Kralupy nad VItavou — Vrarnany.

At the beginning of October 2004, Metrostav a.s. started the exca-
vation of two main tunnel tubes (the northern and southern tubes,
about 150 m2 cross-section each) of the Valik tunnel, which is part of
the Pilsen highway bypass. The NATM is applied, with the face divi-
sion into four sequences. Because of the joint central abutment struc-
ture, the positions of the main top headings must be maintained at
a manner ensuring symmetrical loading of the central abutment,
which both top headings (northern and southern) rest on.

SLOVENSKA REPUBLIKA By the end of 2004, about 100 m of sidewall drifts (about 50 m?

Tunel Horelica each) had been excavated in each tunnel tube, as well as 60 m of both
Dna 29. okt6bra 2004 bol do prevddzky uvedeny tunel Horelica, top headings in the main tunnels.

druhy z tunelov na dialni¢nej sieti Slovenskej republiky. Usek cesty In the same time approximately 260 m of the central abutment

1/11 obchvat mesta Cadca, na ktorej sa tunel nachddza, je tranzitnou structure was cast; its completion was scheduled for 20 January

komunikaciou dialni¢ného typu D3 v smere zo Ziliny k slovensko- 2005.

polskému hrani¢nému priechodu Skalité — Zwardon. )
Dielo slavnostne otvorili za G&asti ministra dopravy, post a tele- Awards to underground projects

komunikdacif SR Pavla Prokopovica. Hlvavnym zhotovitefom stavby In 2004, the following underground projects received significant
bola spolo¢nost’ Vahostav SK a. s. Zilina, stavebnu cast tunela awards:

zabezpecoval Vihostav — Tunely a Specidlne zakladanie a. s. Tunel - The Prague Metro Extension IVC1 was awarded the title of “The
dlzky 600 m je vybudovany ako dvojpruhovy, obojsmerny, so Sir- Construction of the Year 2004” by the Lord Mayor of the Capital
kou 9 m medzi obrubnikmi a prejazdnou vyskou 4.8 m. Tunel bol City Prague, and the title “The best publicly funded constructi-
razeny NRTM. Vzhladom na obtiazZnost’ geologickych pomerov je on” by the Ministry of Industry and Trade of the CR.

v celej dlzke vybudovany so spodnou klenbou. Vzhladom na poZia- - The title “The Traffic Construction of the Year 2004” was awar-

davky poziarnej ochrany musela byt vybudovana paralelna tnikova
chodba dlzky cca 350 m.

ded to the railway tunnel Veprek built on the railway line Kralu-
py nad Vltavou — Vranany.
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Obr. 1 Zdpadny portidl tunela Horelica
Fig. 1 West portal of the Horelica tunnel

Obr. 3 Vychodny portdl tunela Horelica
Fig.3 East portal of the Horelica tunnel

Tunel Sitina

Razenie tunela Sitina v Bratislave pokracovalo v jesennych mesi-
acoch roku 2004 na troch ¢elbdch. Dve razi¢ské pracoviskd z juzné-
ho portdlu z Mlynskej doliny a jedno pracovisko zo severného por-
tdlu. Zaciatkom decembra bolo vyrazenych priblizne 960 m zdpad-
nej tunelovej rdry a takmer 700 m vychodnej tunelovej riry. Z cel-
kovej dlZzky razeného tunela to znamend viac nez 70 %, prerdzka
zépadnej tunelovej rury sa oCakdva v zimnych mesiacoch roku
2005. Razenie tunela zabezpecuje pre hlavného zhotovitela Taisei
Corporation spolo¢nost' Banské stavby a. s. Prievidza (od 1. 1. 2005
pod obchodnym menom Skanska BS a. s.). Zdroven s razi¢skymi
pracami pokracuju aj prace na definitivnych konStrukciach, vykona-
vané pracovnikmi Vdhostav — Tunely a Specidlne zakladanie a. s.
Budované su tdseky hlbenych tunelov na oboch portdloch ako aj
sekunddrne ostenie v zdpadnej tunelovej rire od juzného portdlu.

Tunel Bérik

Verejnd sutaz na zhotovitela tseku Dialhice D1 Mengusovece —
Janovce, ktorého sicastou je tunel Borik (dve riry dizky 990 m) sa
musela zopakovat, nakolko vypisovatel' sitaze Slovenskd sprava
ciest neakceptoval predloZené cenové ponuky ako prili§ vysoké
v porovnani s nakladmi stanovenymi Statnou expertizou. V opako-
vanej sutazi bolo podanych 6 pontik, ktoré st v sicasnosti v Stadiu
vyhodnocovania.

ING. MILOSLAV NOVOTNY (CTuK)
ING. MILOSLAV FRANKOVSKY (STA)

Obr.2 Pohlad do dopravného priestoru tunela Horelica
Fig.2 A view of the traffic space in the Horelica tunnel

SLOVAKIAN REPUBLIC

The Horelica tunnel

The Horelica tunnel, the second tunnel within the highway net-
work of the Slovak Republic, was opened to traffic on 29 October
2004. The road section I/11 (the bypass of the town of Cadca), which
the tunnel is found on, is a D3 highway type transit road heading
from Zilina toward the Slovakian-Polish boarder crossing Skalité —
Zwardon.

The tunnel was inaugurated in the presence of Mr. Pavol Prokopo-
vi¢, minister of transport, posts and telecommunications of the SR.
The construction was carried out by Vahostav SK a.s. Zilina as the
main contractor, the civil part of the tunnel was secured by Vahostav
— Tunely a $pecidlne zakladanie a.s. The 600 m long tunnel is desig-
ned for bi-directional traffic, with two traffic lanes, featuring a width
of 9 m between curbs and clearance height of 4.8 m. The NATM was
utilised for the excavation. Because of difficult geological conditi-
ons, an invert is provided along the entire length of the tunnel.
A 350 m long parallel escape gallery had to be built with respect to
fire safety requirements.

The Sitina tunnel

The excavation of the Sitina tunnel in Bratislava advanced on three
faces in the autumn months of 2004 (two work faces from the south
portal from Mlynskd Dolina, and one face from the north portal).
Approximately 900 m of the western tunnel tube excavation and
nearly 700 m of the eastern tube excavation had been completed till
the beginning of December. This means over 70% of the total length
of the mined tunnel; the western tunnel tube breakthrough is expec-
ted in the winter months of 2005. The tunnel excavation is ensured
by Banské stavby a.s. Prievidza (acting under the business name
Skanska BS a.s. since 01/01/2005) for the main contractor Taisei
Corporation. Work on final structures carried out by staff of Vdho-
stav — Tunely a Specidlne zakladanie a.s. advances simultaneously
with the excavation operations. The cut-and-cover sections at both
portals are being constructed, as well as the secondary lining in the
western tunnel tube, starting from the south portal.

The B6érik tunnel

The public tender for the main contractor for the D1 highway sec-
tion Mengusovce — Jdnovce, containing also the Borik tunnel (two
tubes 990 m long) had to be repeated because the project owner, the
Slovakian Road Administration, had not accepted the bids because
they were too high compared to the costs determined by a govern-
mental expert opinion. There were 6 bids submitted in the repeated
competition. These are currently being assessed.

ING. MILOSLAV NOVOTNY (CTuK)
ING. MILOSLAV FRANKOVSKY (STA)
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Zivotni jubilea / Live jubilee

Doc. Ing. Koloman V. Ratkovsky, CSc.

Doc. Ing. Koloman V. Ratkovsky, CSc., will
celebrate his 75th birthday on 26 February 2005.
He was born in Bratislava in 1930. He graduated
from the Faculty of Civil Engineering at the Slo-
vakian Technical University in Bratislava, majo-
ring in Civil Engineering and Traffic Structures.
This branch of civil engineering became, after
a short period of his work with a Track Mainte-
nance Section of the Slovakian Railways (1954
—1956), his whole-life mission. In 1956, he entered

Doc. Ing. Koloman V. Ratkovsky, CSc.

Dvadsiateho Siesteho februdara 2005 sa doZiva
vzdcneho Zivotného jubilea 75 rokov Doc. Ing.
Koloman V. Ratkovsky, CSc. Narodil sa v roku
1930 v Bratislave. VysStudoval na Stavebnej fakul-
te Slovenskej vysokej Skoly technickej (dnes STU)
v Bratislave na odbore konStrukcie a dopravné
stavby, ktord sa mu stala po kratkom posobeni na
Tratovej diStancii 7SR (1954 — 1956) i celoZivot-
nym pdsobiskom. V roku 1956 nastipil na katedru

dopravnych stavieb, kde v tych casoch patrilo the Department of Traffic Structures, which conta-
oddelenie podzemnych stavieb, a neskor uz ako odborny asi- ined at that time the sub-department of Underground Structu-
stent spolu s oddelenim presiel na si¢asnd katedru geotechni- res. Later, already in a position of a fellow, he was transferred,
ky, kde pdsobil a? do odchodu do déchodku v r. 1996. together with this sub-department, to the current Geotechnical

Titul kandidata technickych vied ziskal v roku 1971 a v roku | Department, where he had worked till his retirement in 1996.
1979 habilitoval na docenta. Po&as SVOjej pedagogickej praxe He was awarded the title of the Candidate of Sciences in 1971 5

Yo 4 . < . . and habilitated himself as an Assistant Professor in 1979. In
vychoval nespocetné mnozstvo Studentov, diplomantov, vie- . . e
. L . . . . the course of his pedagogical activities, he brought up many
dol viacero dspesnych domdcich, ale i zahrani¢nych diplo-

students and helped many of them, both domestic and foreign
mantov. Okrem denného Stidia organizoval a predndSal P Y £

. . ) L h ones, with the elaboration of their graduation theses. In additi-
v postgradudlnych kurzoch, domacich i medzindrodnych kon-

- o 3 - ] on to regular day-time classes, he organised and presented lec-
ferenciach. V' pedagogickej, vedecko-vyskumnej, odbornej, tures in postgraduate courses and domestic and international

poradenskej a expertiznej ¢innosti sa zameriaval najméd na conferences. He focused his pedagogical, scientific-research,

oblast’ technoldgii razenia a hlbenia tunelov, kde postupne zis- professional, consulting and expert advising activities mainly

kal povest’ vynikajiceho odbornika zndameho nielen doma, ale to the field of tunnel excavation (mining and cut-and-cover

i v zahranici. techniques). He gradually won fame of an outstanding expert
Bol Gc¢astny ¢&i uz ako rieSitel konkrétnych tloh, posudzova- known not only at home but also abroad.

tel’ alebo expert prakticky pri vietkych ddleZitejsich podzem- He participated either as a resolver of concrete tasks, asses-

sor or expert virtually at all important underground constructi-
ons which were prepared or were already under construction in
Slovakia in the past decades. Best known is his work in the
preparation phase of the Bratislava metro, construction of

O icho bohatei odb . . dcia dod » ; communal shield-driven galleries, but also road tunnels.
Jeho bohatej odborne] praxi svedcia dodnes pouzivane The proof of his wide professional practice are the till now

?/ysoko’ékol,ské uéebn’ice‘, d?siatky expertiz., pOSUdl_(OV a pro- used university textbooks, tens of expert opinions and feasibi-
jektovych iloh, ktorymi vyrazne ovplyvnil rozvoj a pokrok lity studies, through which he strongly affected development

nych stavbach, ktoré sa pripravovali alebo budovali na Slo-
vensku v poslednych desatrociach. Zname je najmi jeho poso-
benie pri priprave bratislavského metra, vystavbe komunal-
nych Stitovanych $t6lni, ale i cestnych tunelov.

podzemného stavitelstva na Slovensku. and progress of the field of underground construction in
Posobil ako poradca a odborny konzultant pre investorské Slovakia.

organizacie, stavebné firmy i Stdtne orgdny, ktoré vzdy radi He acted as an advisor and technical consultant for project

vyuzivali jeho odborné schopnosti, vedomosti i dlhoro¢né owners, contractors and governmental bodies. All of them

skiisenosti z projektov doma i v zahranici. always appreciated his professional abilities, knowledge and
Znéme sd i jeho dlhoroiné kontakty so zahrani¢nymi long-term experience gained from projects realised both at

home and abroad.

Well known are also his long-term contacts with foreign pro-
fessional organisations, as well as his personal and also friend-
ly relations with many outstanding experts from the field of
tunnel construction all over the world. He always used the
advantage of those contacts for the benefit of development of
the tunnel construction branch in Slovakia. As a long-term

profesnymi organizdciami, ale osobné a i priatelské vztahy
s mnohymi poprednymi odbornikmi z oblasti tunelového
staviteIstva po celom svete. Tieto kontakty vzdy vyuZzival
v prospech rozvoja tuneldrstva na Slovensku. Ako dlhoro¢ny
funkcionar ITA/AITES bol v roku 2004 vyznamenany medai-
lou prezidenta ITA/AITES a v tom istom roku bol prijaty za

Cestného Clena STA ITA/AITES. functionary of the ITA/AITES, he was awarded the IA/AITES
I ked pédn docent Ratkovsky by sa uz ddvno mohol tesit’ zo President’s medal, and, in the same year, he was incorporated

zaslizeného odpocinku, prakticky ani na chvilu po odchode as an honorary member of the STA ITA/AITES.

do dbéchodku neprestal pracovat a ako poradca a konzultant Despite the fact that Mr. Ratkovsky could enjoy the well-

stoji stéle pri priprave a vystavbe sicasnych tunelarskych sta- deserved rest and leisure, he has not stopped his work since his

vieb na Slovensku. retirement, and is still participating in preparation and con-

struction of current tunnel structures in Slovakia, as an advisor
and consultant.

We wish him to keep his vigour and working enthusiasm for
a long time, as well as his good health, personal comfort and
complacency.

Prajeme mu, aby mu jeho Zivotny eldn a pracovnd zanie-
tenost’ eSte dlho vydrzali, mnoho zdravia, pohody a spokoj-
nosti.

Komitét STA ITA/AITES

The STA ITA/AITES Committee
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Technické zajimavosti / Technical matters of interest

Rakouska smérnice pro geomechanické
navrhovani podzemnich staveb
(strucny popis)

Smérnice byla vytvorena v roce 2001 Rakouskou geotechnickou
spolecnosti a je dnes zdvaznd pro geotechnicky ndvrh tunell na vétSiné
rakouskych projekta. Rakouskd norma ONORM B2203-1 z roku 2002,
definujici smluvni vztahy pri provddéni podzemnich staveb, se na tuto
smérnici odvoldva a smérnice prejimd ¢dst tykajici se klasifikace hor-
ninového masivu, kterd je ze soucasné B2203-1 odstranéna.

Smérnice se sklddd z hlavni textové ¢asti a ze dvou piiloh, pfiloha
A se zabyva urovanim horninovych parametrti a obsahuje odkazy na
provadéni pifslusnych zkousek a postupu, priloha B uvddi priklady
pouZiti smérnice.

Cilem smérnice je navrhnout ptehledny zpusob vyhodnocen{
a posouzeni geotechnickych podminek v trase tunelu vedouci k ekono-
mickym stavebné-technickym opatfenim pii provadéni vyrubu a zajis-
téni bezpe€nosti pii razeni v danych horninovych podminkéch. Tento
pozadavek je sice ovlivnén mnoha nejistotami, ale hlavni zdsadou
smérnice je stanovit postup, ktery umozni inZenyrsky raciondlni navrh
a provadeént, sestdva z nékolika jasné definovanych kroka, je prokaza-
telny a jasny.

Smérnice popisuje postup ve dvou fazich, fazi pripravy a fazi pro-
vadéni.

Pro fazi pripravy (projektovéni) je postup zaloZen na péti ndsle-
dujicich krocich:

— uréeni typu horniny (geomechanicky relevantni parametry

a vlastnosti);

— urdeni typu chovani horniny (pfi zohlednéni velikosti a tvaru
vyrubu, hloubky pod terénem, orientace puklin ve vztahu ke
sméru razby, vlivu podzemni vody a pod.) bez vlivu vystroj-
nych prostredku;

— urdeni zpusobu razby a vystroje (pro jednotlivé typy hornino-
vého chovani), kombinace horninového chovani a zvoleného
zpusobu razby a vystroje je definovdno tzv. ,,chovani systému‘;

— na zdklad€ kroku 1 — 3 je vypracovén piehled oblasti razby se
stejnymi stavebné-technickymi opatfenimi (rdmcovy plan);

— urdeni tiid vyrubu (technologickych tid) navdzanych na zpu-
sob ocenovani dle ONORM B2203-1.

Ve smérnici je popsdno 11 zékladnich typu chovani horniny, tyto
typy mohou byt upfesnovany ¢&i rozsifovany podle konkrétnich pod-
minek projektu. ,,Chovani systému* je urovano pro kazdy projekt
zv1ast.

Pro fazi provadéni (stavby) je postup zaloZen na ndsledujicich

krocich:

— urceni zastizeného typu horniny (porovnavanim kli¢ovych
parametru a vlastnosti);

— urceni skutecného typu chovani horniny (podle typu horniny
a ovliviujicich faktora);

— urdeni zpusobu a postupu razby a vystroje dle réamcového planu
(pred provadénim vyrubu, pozdéji jen mensi Gpravy) a progné-
zy ,,chovani systému*;

— oveéfeni ,,chovani systému*.

Kazdy krok je pomérné detailné popsén z hlediska metodiky a pri-
stupu, ale ponechdva zpracovateli (projektant, geotechnik, stavebni
dozor, zdstupce stavby) moznost individudlniho pfistupu. Zakladnim
poZzadavkem je transparentnost celého procesu a zduvodnitelnost kaz-
dého kroku a postupu. Smérnice vychdzi z predpokladu uzké a inter-
aktivni spoluprdce jednotlivych odbornikt béhem pripravy (projekto-
van{) i provadéni.

ING. MARTIN SRB

Guideline for the Geomechanical Design of
Underground Structures with Conventional
Excavation

(brief description)

The Austrian Society for Geomechanics elaborated the guideline in
2001 in Austria. Today it is binding for the geotechnical design of tun-
nels at a majority of Austrian projects. The Austrian standard ONORM
B2203-1 from 2001 is defining contractual relationships in the process
of underground construction and refers to this guideline, for aspects dea-
ling with the rock mass classification system (concurrently removed
from the B2203-1).

The guideline consists of a main text part and two appendices. The
Appendix A deals with the determination of rock parameters, and conta-
ins references to the execution of relevant tests and procedures. The
Appendix B presents examples of application of the guideline.

The objective of the guideline is to propose a consistent method of
assessment and evaluation of geotechnical conditions along the tunnel
route, leading to economic construction measures to be applied in the cour-
se of the excavation, and safety measures to be implemented during the
excavation in the given geological conditions. This requirement may be
affected by many uncertainties, but the main principle of the guideline is
to specify a procedure allowing a technically reasonable design and exe-
cution of the works. The procedure should be consistent, coherent and tra-
ceable through the whole project.

The guideline divides the procedure into two phases, i.e. the design phase
and construction phase.

The procedure for the design phase is based on the following 5 steps:

— determination of rock types (parameters and properties relevant in

terms of geomechanics);

— determination of rock mass behaviour (with consideration of dimensions
and geometry of the excavation, depth of the cover, orientation of joints
to the drive direction, influence of ground water etc.) in an unsupported
excavation condition;

— determination of the excavation and support methods (for particular
types of rock mass behaviour), the combination of rock mass behavi-
our and the chosen method of excavation and support defines the Sys-
tem Behaviour;

— definition of areas requiring similar construction measures (baseline
construction plan), based on the above steps 1 — 3;

— determination of excavation classes (technological classes) related to
the assessment according to ONORM B2203-1 (contractual aspects).

There are 11 basic types of rock mass behaviour described in the guideli-
ne. These types can be refined or extended according to specific conditions
of the project. The System Behaviour is determined for each tunnel project
individually.

The procedure for the construction phase is based on the following steps:

— determination of the encountered Rock Mass Type (by comparing key
parameters and properties);

— determination of actual Rock Mass Behaviour Type (based on Rock
Mass Type and influencing factors);

— determination of excavation and support according to the baseline con-
struction plan (prior to next round excavation; later only minor adjust-
ments) and prediction of System Behaviour;

— verification of the System Behaviour by monitoring.

Each step is described in a relatively detailed way in terms of the metho-
dology and approach, but it leaves a space for an individual solutions and
justifications made by the respective professional (the designer, geotechni-
cian, client’s supervisor, contractor’s representative). Transparency of the
overall process and traceability of each step and procedure are the basic
requirements. The guideline is based on the assumption that individual
experts closely co-operate and interact (e.g. a geologist, geotechnician,
designer etc.) in the design and construction phases.

ING. MARTIN SRB
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Laserové skenovaci systémy ve stavebnictvi (recenze)

Laser scanning systems in the construction industry
(a review of a paper published in the Czech Republic in the second half of 2004)

V soucasnosti dochdzi k bouflivému rozvoji laserovych skenova-
cich systému, které postupné zaujimaji stdle vyznamnéj§i misto
v oblasti inZenyrské geodézie a stavebnictvi. Neddvno vysla publika-
ce ,,Laserové skenovaci systémy ve stavebnictvi®, kterd se zabyva
problematikou laserového skenovdni a jeho vyuZiti v praxi. Ucelend
publikace na toto téma v Ceské republice citelné chybéla.

Laserové skenovaci systémy umoznuji bezkontaktni uréovani pro-
storovych soufadnic, 3D modelovéni a vizualizaci slozitych staveb
a konstrukei, interiért, podzemnich prostor, libovolnych terénu atp.
s mimorddnou rychlosti, presnosti, komplexnosti a bezpecnosti.
Nasnimany objekt maZe byt pomoci softwaru zobrazen ve formé
mracen bodu (point clouds), na jejichZ zdkladé maZe byt vytvoren
model objektu, ktery lze prenést do CAD systému. Vétsina skenova-
cich systému vyuZivd nejmodernéjsi pulsni laserovou technologii pro
méfeni délek a urcuje polohu boda prostorovou polarni metodou.

Mezi vyhody téchto progresivnich technologii patfi predevsim
presné zaméreni stdvajiciho stavu s vyrazné vyS§i produktivitou
préace, a tedy finan¢nimi dsporami, vyznamné zkracen{ price v teré-
nu pfi podstatné vy$si bezpe&nosti, méfeni mize probihat za plné-
ho provozu, popr. s vyraznou redukci délky odstdvky ndro¢nych
provozl na minimum, velmi rychlé zpracovéni digitdlnich modelu
terénu atd.

Pro efektivni vyuzivani téchto systému je vSak tieba znat zdkladni
principy jejich fungovani, protoZe i zde jsou funkéni a technologickd
omezeni, kterd mohou znehodnotit i spravné navrzené ¢i provedené
méfeni na zdkladé fyzikalnich omezeni. Na tato tskali mimo jiné zde
autori upozornuji.

PredloZend monografie pojednavd v druhé a tieti kapitole o fyzi-
kdlnich principech laserovych skenovacich systému, teorii a moz-
nostech jejich fungovani.

Ctvrté kapitola poddva prehled terestrickych laserovych skenova-
cich systému s uvedenim jejich technickych parametra.

V pité kapitole je praktické uplatnéni laserovych skenovacich
systéma doloZeno priklady zamérovani slozitych technologickych
celkl a konstrukci, dokumentovani redlného stavu stavebnich kon-
strukef ¢i dopravnich staveb, topografického mapovani povrchu ¢i
podzemnich prostor a dokumentace pamatek v oblasti architektury
a archeologie.

Kapitolu Sest knihy tvori systémy pro letecké skenovani s popisem
nékterych leteckych laserovych systémi dostupnych v Evropé dopl-
néné priklady zpracovani leteckych dat a praktickymi zkuSenostmi.

Ekonomické prinosy uplatnéni laserovych skenovacich systéma
jsou zhodnoceny v sedmé kapitole.

Osmd kapitola je vénovéana zdsaddm bezpecnosti prce s laserovy-
mi pristroji.

V devité kapitole je pomérné obsahly prehled literatury, kterd se
tykd daného tématu. Piehled hlavnich zahrani¢nich vyrobct lasero-
vych skenovacich systému je doplnén o doméci prodejce s kontaktni-
mi adresami vCetné webovych stranek a je uveden v desété kapitole.

Teoreti¢téjsi problematika je soustfedéna v Apendixech, aby tyto
dvahy nenaruSovaly prubéh Cetby vlastniho textu knihy. RovnéZ zde
byly shrnuty nejnovéjsi vysledky testovani skeneru, které autofi pro-
vadéli pri feseni grantového projektu GA CR 103/02/0357 ,,Moderni
optoelektronické metody topografie ploch®, jehoZ je publikace
soucdsti.

Tato monografie je urfena predev§im pracovnikim firem, ktefi se
zabyvaji vystavbou, tdrzbou a rekonstrukcemi stavebnich objekta,
ddle pak pracovnikim v oblastech pamatkové péce, pracovnikim
specializovanych zeméméfickych firem a pracovnikim v dal§ich pri-
buznych oborech. Je rovnéZ urena jako pomicka pro pedagogy
a studenty odbornych a vysokych Skol viech stupna zabyvajicich se
uvedenou problematikou. .

ING. IVO KOHOUSEK
SG Geotechnika, a. s.

Zpravodajstvi Ceského tunelaiského komitétu ITA/AITES
Czech Tunnelling Committee ITA/AITES reports

Upozornéni na zmény
v sekretariatu CTuK ITA/AITES:

0d 1. ledna 2005 prevzal funkci sekretdfe CTuK ITA/AITES véetnd
funkce vedouctho redaktora ¢asopisu TUNEL Ing. Miloslav Novotny.
Soucasné byla zménéna e-mailovd adresa sekretaridtu. Aktudlni adresa
a kontakty na sekretariat CTuK ITA/AITES a redakci ¢asopisu Tunel
jsou:

Cesky tunelaisky komitét ITA/AITES

sekretar Ing. Miloslav Novotny

Délnicka 12, 170 00 Praha 7

Ceska republika

Tel./fax: +420 266 793 479

e-mail: ita-aites@metrostav.cz

Information on changes
in the CTuC ITA/ATES secretariat:

On 1 January 2005, Ing. Miloslav Novotny took over as secretary of
the CTuC ITA/AITES and editor-in-chief of the TUNEL magazine. In
the same time, the e-mail address of the secretariat was changed. The
current address and contacts to the CTuC ITA/AITES secretariat and
the TUNEL magazine editor’s office is as follows:

The Czech Tunnelling Committee ITA/AITES

Ing. Miloslav Novotny, secretary

Délnicka 12, 170 00 Prague 7

The Czech Republic

Tel./Fax: +420 266 793 479

e-mail: ita-aites@metrostav.cz

Podrobnéji ke zméné v sekretariatu CTuK ITA/AITES

Na podzimnim pracovnim shromazdén{ CTuK v Brné informoval
predseda komitétu Ing. Ivan Hrdina pfitomné ¢leny o pripravované
zméné v sekretaridtu komitétu od 1. ledna 2005. K této zmené jiz
doslo, z funkce sekretafe komitétu a vedouciho redaktora Casopisu
Tunel na vlastni Zaddost odstoupil Ing. Karel Matzner, ktery se ndsle-
dujicimi fadky obraci na vSechny ¢tendre tohoto ¢isla asopisu Tunel:

ViZeni kolegové, ¢tendri naseho Casopisu,

dovolte mi, abych touto cestou podékoval viem clenskym organiza-
cim a clemim CTuK, Slovenské tuneldiské asociaci a redakéni radé
Casopisu Tunel za bezmdla desetiletou spoluprdci. Spolecné se ndm
podarilo dosdhnout vy$$i domdci i mezindrodni prestiZe jak naseho
Casopisu, tak konferenci Podzemni stavby Praha 1997, 2000 a 2003.
Posilila se pozice CTuK ve Svétové tuneldiské asociaci, co? se proje-
vilo ve volbé Prahy jako mista kondni svétového tuneldrského kongre-
su WTC 2007. Na jeho pripravé se budu i naddle podilet.

S novym §éfredaktorem prichdzi i novd image casopisu. Preji
redakcni rade, aby novd prava byla uspésnd a ¢tendri ji ocenili. Vdm
v§em pak preji do dal§ich let hodné zdaru pri dalsim rozvoji naseho
tuneldrského oboru. ING. KAREL MATZNER

Ing. Karel Matzner pracoval pro komitét skoro deset let. Jeho pra-
covitost, pratelskost i vitalita by mohly byt vzorem vét§iné z nés. Po
prévu mu na pracovnim shromézdén{ komitétu v Brné predseda CTuK
podékoval a vyzdvihl jeho zésluhy. Obdobné ucinil i predseda redake-
ni rady Casopisu Tunel Ing. Petr Vozarik na jejim zaseddni 7. ledna
2005. ING. MILOSLAV NOVOTNY
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More details on the change in the CTuC ITAZAITES secretariat

In the CTuC ITA/AITES autumn working session in Brno, Ing. Ivan
Hrdina, chairman of the Committee, informed the present members about
the change being prepared in the committee’s secretariat for
1 January 2005. This change has already taken place. By his own request,
Ing. Karel Matzner resigned from the position of secretary of the Commit-
tee and editor-in-chief of the TUNEL magazine. He addresses all readers
of this issue of the Tunel magazine through the following lines:

Dear colleagues, readers of our magazine,

I would like to use this opportunity to thank all member organisations
and friends of the CTuC, the Slovakian Tunnelling Association, as well
as the Editorial Board of the Tunel magazine, for nearly ten-year co-
operation. Jointly we have managed to win the highest domestic and
international appreciation for both our magazine and the Underground
Construction Prague 1997, 2000 and 2003 conferences. The position of
the CTuC within the World Tunnelling Association has been consolida-
ted. This fact became apparent by the election of Prague as the venue of
the World Tunnel Congress, WI'C 2007. I am going to participate in its
preparation. A new image of the magazine is coming with the new chief
editor. 1 wish the editorial board great success in developing our tun-
nelling industry. ING. KAREL MATZNER

Ing. Karel Matzner has worked for the Committee for nearly ten
years. His dedication, friendliness and vitality could be a standard to be
followed by most of us. He fully deserved the thanks and appreciation
given by the CTuC chairman in the working session in Brno. He also
received similar appreciation from Ing. Petr Vozarik, chairman of the
editorial board, in the board meeting on 7 January 2005. i

ING. MILOSLAV NOVOTNY

Generalni sekretaf ITA/AITES na navstéveé v Praze

K vyznamnému kroku v pfipraveé kongresu WTC 2007 doslo v fijnu
2004, kdy na nase pozvani navstivil Prahu generdlni sekretdf svétové
tuneldiské organizace pan Claude Berenguier. Cilem této ndvstévy bylo
projednat ndvrh kontraktu na usporddani kongresu a sezndmit pana
Bereguiera, ktery je soucasné jednim z ¢lent organiza¢niho vyboru kon-
gresu, s pripravovanymi lokalitami, v nichZ se budou kongres a dopro-
vodné akce konat. Jedndni se zicastnili predseda CTuK Ing. Hrdina,
predseda ptipravného vyboru Ing. Romancov a dalsi ¢lenové. V Kon-
gresovém centru byly odsouhlaseny jednotlivé prostory nejen pro tcely
kongresu, ale i pro zaseddni vykonného vyboru a valného shromazdéni
(EC a GA ITA/AITES), které se v souvislosti s kongresem pravidelné
konaji, mistnosti pro potfeby sekretaridtu a jednotlivych pracovnich
skupin (WG). Dal§imi misty prohlidky se staly Obecni dum, kde bude-
me porddat spolecenskou ¢dst kongresu (Welcome Party), sdly Prazské-
ho hradu pro spole¢ensky vecer (Galla Dinner) a Rudolfinum, v némz
bude uspordddn slavnostni koncert.

Podminky kontraktu i ndvrh vSech prostor byly vzdjemné odsouhla-
seny a byl poloZen zdklad pro dalsi vizkou spoluprdci pfi priprave kon-
gresu a s nim spojenymi aktivitami ITA/AITES.

ING. KAREL MATZNER

The ITA/AITES General Secretary’s visit to Prague

A significant event in the WTC 2007 preparation took place in Octo-
ber 2004, when the general secretary of the World Tunnelling Organisa-
tion, Mr. Claude Berenguier, accepted our invitation and visited Prague.
The objective of this visit was the negotiation of a draft contract for the
congress organisation, and the introduction of locations being prepared
for the congress and accompanying events to Mr. Berenguier, who is
also one of the members of the congress organising committee. Also
present in the negotiation were Ing. Hrdina, the CTuC chairman, Ing.
Romancov, the preparatory committee chairman, and other members.
Particular spaces of the Congress Centre building were agreed, not only
for the purposes of the congress, but also for the sessions of the
ITA/AITES Executive Committee and of the General Assembly, which
are regularly held on the occasions of the congresses, as well as rooms
to be used by the secretariat and individual work groups. The other visi-
ted places comprised the Obecni dim (Council House), where the soci-
al part of the congress is to be held (the Welcome Party), the Prague
Castle halls intended for the Gala Dinner, and the Rudolfinum, where
a Gala Concert will take place.

The contract conditions and the proposal for all spaces were mutual-
ly agreed, and foundation was laid for future close collaboration in pre-
paring the congress and performing other associated activities of the
ITA/AITES. ING. KAREL MATZNER

Toel

Pracovni shromazdéni ¢lenti CTuK ITA/AITES
The working session of the CTuC ITA/AITES members

The autumn working session of the CTuC ITA/AITES members was
held in Brno, invited by Zelezni¢ni stavitelstvi Brno, a.s. There were 43
delegates from 25 member nations and institutions, and 6 individual
members present in the session.

Podzimni pracovni shromazdéni CTuK ITA/AITES se konalo v Brné
na pozvani firmy Zelezni¢ni stavitelstvi Brno, a. s. Zti&astnilo se ho 43
delegatu z 25 ¢lenskych spole€nosti a instituci a 6 individudlnich ¢lenu.
Pro informaci o jeho prubéhu uvefejiiujeme podstatnou ¢dst zdznamu
z jeho jedndni:

ZAZNAM
z Pracovniho shromazdéni ¢lend Ceského tuneldrského
komitétu ITA/AITES, které se konalo na pozvani firmy ZS
Brno, a. s., v Brné-Pisarkach 18. 11. 2004

1. Privitani pritomnych

Pritomné delegdty a hosty privitali Ing. Ivan Hrdina, predseda CTuK,
a Ing. Michal Stefl, generalni feditel hostitelské spole¢nosti ZS Bro, a. s.

Predseda komitétu dvodem ozndmil organizaéni zménu v sekretaridtu
CTuK. Dosavadni sekretaf Ing. Karel Matzner na vlastni Z4dost kon&f svou
¢innost k 31. 12. 2004 a do funkce nastoupi Ing. Miloslav Novotny z Met-
rostavu. Pfedseda vyslovil odstupujicimu sekretdfi podékovani za dlouho-
letou préci a zdsluhy o rozvoj CTuK a predal mu upominkovy dérek.

2. Zpriva o aktualnim stavu priprav a dalSich krocich k usporadani

svétového tunelarského kongresu v roce 2007 v Praze

(Ing. Hrdina, Ing. Romancov)

- Pro zajisténi financovéni pripravy kongresu bylo zaloZeno SdruZeni
WTC 2007, jehoz deviti zaklddajicimi Cleny jsou: METROSTAV,
METROPROJEKT, SUBTERRA, SATRA, VOKD, ELTODO, PUDIS,
VIS, CTuK.

- Predseda vyzval dalii lenské subjekty CTuK, aby se ke SdruZeni pfi-
pojily jako pridruZeni ¢lenové.

-Na pozvini predsednictva CTuK pijel v fijnu generdlni sekretar
ITA/AITES pan Claude Berenguier, aby si prohlédl prostory, v nichZ
bude kondn kongres a dal$i doprovodné akce. Navstivil Kongresové
centrum, Obecni dim, Prazsky hrad a Rudolfinum. Se vSemi lokalitami
byl velmi spokojen. Déle byly projednany podminky kontraktu mezi
ITA a CTuK na zajisténi kongresu a Valného shromézdéni, diskusni
témata kongresu a ndvrh na open session.

- Rozpocet nédkladi na usporaddni WTC 2007 byl upresnén na
29,6 mil. K¢.

- Piedsednictvo z povéfeni Valného shromazdéni CTuK jmenovalo Cleny
hlavnich orgdnt kongresu, tj. Organiza&niho vyboru, Védecké rady (ndrod-
ni ¢dst) a predsedu Poradniho sboru ITA/AITES (viz ,,Prvni ozndmeni®).

- Byla zaloZena internetova stranka www. wtc2007.org, na niz bylo umis-
téno kromé dalsich odkazu ,,Prvni ozndmeni** WTC 2007.

- Ke zvyseni aktivity CTuK v predkongresovém obdobi bude predsed-
nictvo podporovat kondni odbornych semindri a vzdéldvacich akef
v naSem oboru i na firemni drovni.

- K propagaci WTC 2007 v Praze nejvice prospéje hojnd tcast nasich
odbornikil na svétovém kongresu v Istanbulu v piistim roce a v Soulu
2006 s prezentaci prispévku.

- Na piistim valném shroméazdéni CTuK bude schvalovana redakéni rada
Zasopisu TUNEL. Clenské organizace budou predem vyzvany k navrhu
svych zdstupct, z nichZ predsednictvo jmenuje 12 ¢lent rady. Ta bude
doplInéna o sekretdfe CTuK a 3 zdstupce Slovenské tuneldiské asociace.

3. Zprava o naSem zastoupeni v pracovnich skupinach WG ITA/AITES

a o dalsi ¢innosti nasich pracovnich skupin (Ing. Sikora, Ing. Soukup):

- Delegiti CTuK ve WG byli dopisem vyzvini, aby podali zpravu o své
Cinnosti a moZnostech aktivné se podilet na Cinnosti prislusné WG.
Dosud se vSichni delegdti nevyjadrili, a proto znovu zddame vSechny
organizace, aby k tomu své zistupce vyzvaly. Pokud nebude jejich
aktivni ¢innost ovéfena, bude predsednictvo nuceno jmenovani téchto
delegatu stornovat.

- Nase pracovni skupiny (Strikany beton, Bezpe¢nost provozu v tunelech)
pracuji velmi aktivné i ve styku s WG ITA. Ing. Soukup, ¢len
WG 19 - Conventional Tunnelling, informoval o zaloZeni nas{ treti pra-
covni skupiny — Konvencni tunelovani (PS KT) a vyzval dalsi zdjemce
o Clenstvi.

4. Vyhodnoceni soutéZe o nejlepsi diplomovou praci (Prof. Aldorf)
Komise, v niZ byly zastoupeny VSB-TU, CVUT a VUT, zhodnotila sout&7-
ni diplomové préce z oboru podzemniho stavitelstvi a tfi z nich navrhla pred-

sednictvu CTuK k ocenénf:

1. Numerické modelovani razby TBM (Ing. Paul),




Obr. 1 Ing. Petr MiGunek predstavuje stavby ZS Brno B
Fig. 1 Mr. Petr Micunek introducing constructions carried out by ZS Brno

2. Technické a ekonomické hodnocen{ alternativnich zpusobu vystav-
by tunelu Valik (Ing. Cisafovd),

3. Numerické modelovani tratového tunelu metra trasy IVC1 (Ing.
Korejcik).

Diplomové price byly plénu predlozeny k prohlédnuti a pritomni
autori pracf prevzali ocenéni.

5. Prezentace firmy ZS Brno, a. s., a jejich staveb, v¢. Spanélské

spolec¢nosti OHL

Promitnuty film ZS Brno predstavil stavby provadéné zdvodem MOSAN
v minulosti i pfitomnosti. Ing. Jif{ Zahrada, CSc., informoval o samohutni-
cich betonech pri vystavbé kanalizace z fondu Phare v Brné.

P4dnové Angel Muelas Rodriguez a Juan Carvajal Ferndndez de Cérdoba
predstavili slovem i obrazem vyznamné stavby spole¢nosti OHL. Ddlni¢ni
tunel Arguineguin v Las Palmas, mestsky silni¢ni tunel v Guayaquil, Zelez-
ni¢ni tunel Guadarama, tunely na Zelezni¢ni trati Ankara — Istanbul, silni¢-
ni tunel Vielha, vystavbu metra v Barceloné a silni¢ni tunel v Madridu.

6. Prezentace firmy AMBERG ENGINEERS BRNO, a. s., na téma:

Tunel Dobrovského

Ing. Vlastimil Horék a Ing. Jifi Pechman informovali o poklesové kotliné
v teorii a praxi.

7. Prezentace firmy AQUATIS, a. s., na téma: Kolektory Brno

Ing. Bretislav Sedldcek informoval o vystavbé kolektorové sité v Brné.

8. Prezentace VUT Brno, Stavebni fakulta: Kolektory Brno

Doc. Ing. Vladislav Horék, CSc. a Ing. Janku prednéSeli o vyuziti tryskové
injektdZe v ulici Starobrnénskd pri podchytdvéni zakladui budov a o zabezpe-
Ceni primérniho kolektoru ve vztahu k vystavbé CD Centra v Brné.

‘.ir-;“*?".b
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Obr. 2 Celo jedné z chodeb s uloZenymi lebkami
Fig.2 An ossuary in one of Brno’s underground galleries
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Odpoledne se konala velice zajimava exkurze do brnénského historického
podzemi s odbornym vykladem poucnym jak z hlediska kulturné-historického,
tak stavebniho. Exkurze dokumentovala problémy stfetu moderniho a historic-
kého vyuziti podzemnich prostor. Zapsal: Ing. Matzner

Oveéril: Ing. Hrdina

Pfiprava svétového tunelaiského kongresu
WTC 2007 v Praze

Preparation of the World Tunnel Congress
WTC 2007 in Prague

In the text below, Ing. Georgij Romancov, the WTC 2007 Preparation
Committee Chairman, informs Czech readers about the current status of this
congress preparation. The text also contains the composition of the organi-
sing committee, whose member is also Mr. Claude Berenguier, the
ITA/AITES General Secretary, and whose secretary is Mgr. Lamis Abdalla
(e-mail: lamis.abdalla@satra.cz). More details one can obtains on web-side:
www.wtc2007.org

Nasledujici prehled by mél predevsim souhrnn€ informovat domdcf Cte-
nére (tedy v Ceské i ve Slovenské republice) o stavu pripravy kongresu,
o nejdulezitéjsich krocich, které orgdny kongresu podnikly v minulych
mésicich, ale také upozornit na oblasti, v nichz je tfeba jesté néco doresit
a pripadné i pozadat véds vSechny o pomoc a spolupréci. Bude moji snahou,
aby se takovyto piehled objevil v kazdém dal$im ¢isle TUNELU. Prubézné
jsou informace zvefejnovany na naSich webovych strankdch. Véfim, ze
nikomu z vés tato akce nenf lhostejna, a kazdy, kdo se domnivd, Ze muze
jakymkoli zpasobem k jejimu dspéchu prispét, tak u¢ini. Zejména bych pfi-
vital vécné kritické pripominky, s nimiZz se miZete obratit na kteréhokoli
¢lena organiza¢niho vyboru (viz uvedené kontakty). Ur¢ité jim bude véno-
vdna pozornost.

Organizacni vybor kongresu se seSel na svém 2. fadném zasedani dne
14. prosince loriského roku v Praze. Po rekapitulaci a zhodnoceni jeho dosa-
vadni ¢innosti bylo konstatovdno, Ze kon¢i obdobi euforie a prvotniho
nadSeni nad pridélenim poradatelstvi a je tfeba si detailné rozdélit dkoly
a dusledné kontrolovat jejich vécné a Casové plnéni. Za tim déelem bylo
rozpracovano organiza¢ni schéma a podrobny ¢asovy plén pripravy kongre-
su a kazdy clen OV dostal na starost urcitou oblast, za kterou nese plnou
odpovédnost. Na vlastni Zddost byl do organizaéniho vyboru kooptovdn
generdlni sekretdf ITA/AITES p. Claude Berenguier. Jeho ticast na rozho-
dujicich jednénich a odsouhlaseni kli¢ovych rozhodnuti nepochybné prispé-
je k minimalizaci po¢tu chybnych kroka, kterych by se OV mohl dopustit.

Byly stanoveny rovnéz pevné terminy fadnych zaseddni OV, a to 4x do
roka, s cilem zajistit pokud mozno stoprocentni G¢ast odpovédnych pracov-
nikd. Seznam ¢lenl OV a jejich povéfent je uvedeno niZe. Rdd bych zdd-
raznil, Ze vSichni — jakoZto zaméstnanci organizaci sdruzenych v CTuK, pfi-
padné individuélni ¢lenové, v OV pracuji bez ndroku na zv1astni odménu.

Rysuje se nékolik hlavnich okruhd, které je tfeba organizovat a jejich &in-
nost persondlné, materidlné i finanéné zabezpe€it. Na prvnim misté je to
védeckd rada kongresu, jejiZ funkce je pro dspéch kongresu naprosto rozho-
dujici. Ta musi mj. pfedev§im definovat odbornou ndpln kongresu, posoudit
a vybrat k prezentaci doslé piispévky, zorganizovat a zajistit hladky prabéh
vSech odbornych sekei a pracovnich skupin, workshopt, odbornych exkurzi
a mnoha dal§ich akef s touto oblasti spojenych. Zejména ve fdzi posuzovéni
a vybéra referdtl, a pak samoziejmé v prabéhu vlastniho kongresu, si tato in-
nost vyZada velice mnoho ¢asu a usil{ desitek odborniku, predevsim z naSich
vlastnich fad. R4d bych touto cestou opakované vyzval ty, ktefi zatim stojf
mimo a jsou ochotni pomoci, aby se prihldsili ke spolupréci.

Druhou mimorddné dileZitou oblasti je zajisténi vSech sluZeb spojenych
s organiza¢nim, materidlnfim a spolecenskym zabezpecenim akce. Jak jiZ
bylo konstatovdno v minulych zprdvich (viz TUNEL 3 a 4/2004), hlavn{
prostory, v nichZ se budou kongresové aktivity konat, jsou jiz zajistény,
prave tak jako jsou predbéZné zamluveny ubytovaci, stravovaci a dal§i
potrebné kapacity. To je sice zdkladni, ale jen prvni nutny krok. Tuto oblast
je tfeba mit trvale pod peclivym dozorem, ponévadz se jednd o vztahy zalo-
Zené predevsim na komer¢ni bézi, kterd, jak zndmo, muZe prinést neCekand
prekvapeni. V ramci sluzeb se také odviji veSkerd Cinnost propagacni
a administrativni. Je tfeba mit na zieteli, Ze s bliZicim se terminem kondn{
kongresu, ktery bude vzhledem k oekdvanému poctu dastniku nepochyb-
ne¢ patfit k velkym akcim tohoto druhu, bude tfeba do této Cinnosti zapojo-
vat stdle vice osob i firem, a koordinace jejich ¢innosti bude dkolem velmi
ndroénym. Bez ohledu na dobré zkusenosti, které CTuK md s poradanim
konferenci ,,Podzemni stavby Praha“, je Svétovy kongres akci nejen kvan-
titativne, ale i kvalitativné odliSnou.

Finan¢ni zajisténi kongresu je samostatnou kapitolou a s timto cilem
bylo ustaveno ,,Sdruzeni WTC 2007, které shromazduje finanéni
prostredky, nezbytné pro zabezpeleni piipravy kongresu a kontroluje
jejich ucelné a hospodarné vyuziti. V dalsi fazi pak bude organizovat
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a kontrolovat veskeré dals{ finanéni toky spojené s jeho kondnim, a zajis-
ti kone¢né vyidcétovani a uzavreni finan¢niho hospodareni akce. Za ¢innost
sdruzeni odpovida rada sdruZeni, jejimiz ¢leny jsou osoby jmenované sta-
tutdrnimi zdstupci firem, které se rozhodujicim zpusobem podileji na
financovani kongresu.

Na zavér bych chtél jest€ zduraznit, Ze pro dspéch kongresu nestali jen
mit zabezpeeny vSechny jeho oblasti a organizovat jeho ¢innost. Nejdu-
lezitéj3i je zajistit tcast odborniku z celého svéta, a to nejen pasivni, ale

Toel

predevsim aktivni. Proto je velmi duleZité, abychom i my vystupovali
v ramci akei, porddanych ITA, dostate¢né aktivné a na vysoké odborné
trovni. Blizi se WTC 2005 v Istanbulu a napresrok se bude konat WTC
2006 v korejském Soulu. Cim vétsi — a pokud mozno aktivni — bude na
nich naSe Gcast, tim vétsi nadéje, Ze i k ndm do Prahy pfijedou ti, které se
podarilo zaujmout a ktefi se budou chtit na vlastni o¢i presvédcit, jak to
vypadd v zemi, o které maji tolik rozpornych informaci a ve které se stavi
tak zajimavé tunely. ING. GEORGI] ROMANCOV

Seznam ¢lent organizac¢niho vyboru svétového tunelaiského kongresu ITA/AITES WTC 2007 v Praze
The list of members of the Organising Committee of the World Tunnel Congress ITA/AITES, WTC 2007, in Prague

Jméno Povéreni e-mail

Abdalla Lamis sekretaridt OV lamis.abdalla@satra.cz
Aldorf Josef, &len predsednictva CTuK vzdéldvéani josef.aldorf@vsb.cz
Bartdk Jifi, Clen predsednictva CTuK predseda VR bartakj@fsv.cvut.cz
Berenguier Claude, gen. sec. ITA/AITES  reprezentant ITA/AITES secretariat@ita-aites.org
Dvordk Josef mistopredseda OV josef.dvorak@satra.cz
Hrdina Ivan, Predseda CTuK kontakt s ITA/AITES hrdina@metrostav.cz
Kadlec Miroslav propagace kadlecm@metrostav.cz
Lepicovd Jana sluzby

Mafik Libor, &len predsednictva CTuK WEB

Matzner Karel sekretariat VR
Micunek Petr, ¢len predsednictva CTuK finan¢ni dohled
Novotny Miloslav, sekretdf CTuK koordinace s CTuK
Romancov Georgij, &len predsednictva CTuK predseda OV

Smolik Jif{

Zprava o ucasti eskych zastupct
v pracovnich skupinach (WG) ITA/AITES

Report on the presence of Czech representatives
in the ITA/AITES Work Groups (WGs)

Mr. Sikora, the member of the CTuC ITA/AITES Board, presents a
review of representatives of the Czech Republic in the ITA/AITES Work
Groups, and appeals for their active participation in the work of the WGs.

V minulém ¢isle jsme informovali o ¢innosti pracovnich skupin
(WG), které pusobi v rdmci mezindrodniho tuneldfského komitétu
ITA/AITES. V soucasné dobé je 13 skupin aktivnich.

CR ma své zdstupce ve 12 pracovnich skupindch, ne ve viech ale
nasi zdstupci pasobi aktivné. V prubéhu roku 2004 predsednictvo

Seznam pracovnich skupin a naSich zastupcu v nich

libor.marik@ikpce.com

pmicunek@zsbrno.cz
novotny @metrostav.cz
romancov@metroprojekt.cz
Sikora Stanislav, &len predsednictva CTuK  pracovni skupiny ITA/AITES sikora@vokd.cz

kontakt s pfibuznymi obory jsmolik@subterra.cz
Vozarik Petr, pfedseda RR ¢asopisu TUNEL  kontakt s ¢asopisem TUNEL vozarik@metrostav.cz

Postovni adresa

SATRA s.r.o.; Sokolska 32, 120 00 Praha 2

VSB-TU Ostrava, 17. listopadu, 708 00 Ostrava

CVUT Stavebni fakulta, Thakurova 7, 166 29 Praha 6

ITA/ITES c/o EPHEL - Bat. GC, CH - 1015, Lausanne, Switzerland
SATRA s.r.o., Sokolska 32, 120 00 Praha 2

METROSTAV, a.s. KoZeluzskd 2246, 180 00 Praha 8
METROSTAV a.s., divize 5, Na Zatlance 13, 150 00 Praha 5

lepicova@agenturabonus.com Agentura BONUS , Okruzni 275,373 61 Hrdéjovice

IKP Consulting Engineers, s. r. 0. Jirsikova 583/5, 186 00 Praha 8

matzner@volny.cz

7S Brno, a.s. zavod MOSAN, Buresova 938/17, 660 02 Brno
CTuK ITA/AITES, Délnickd 12, 170 00 Praha 7
METROPROIJEKT Praha a.s., [.P.Pavlova 2, 120 00 Praha 2
VOKD, a. s. Ostrava-Moravskd, Nékladni 1/3179, 702 80 Ostrava
SUBTERRA a.s., Bezova 1658, 147 14 Praha 4

METROSTAV a.s., divize 5, Na Zatlance 13, 150 00 Praha 5

CTuK nékolikrit oslovilo nase zdstupce, aby se intenzivnéji zapojili do
¢innosti pracovnich skupin (WG). Na valném shromdzdéni CTuK
ITA/AITES konaném dne 24. 6. 2004 bylo odsouhlaseno vSemi
zastupci Clenské zdkladny, Ze se nasSe ¢innost v pracovnich skupindch
vice projevi. V obdobi pred Svétovym kongresem WTC 2007 v Praze
mdme zdjem, aby se nasi zdstupci co nejlépe a co nejcastéji prezento-
vali na mezindrodnim poli.

Proto vés viechny jeité jednou jménem CTuK zdvofile 74dam na
strankdch naseho Casopisu, aby ti, co pracuji v pracovnich skupindch
(WG), svou préci zintenzivnili a spoleCnosti, z kterych tito zdstupci
jsou, jim poskytly prostor k této ¢innosti.

Myslim si, Ze to bude k prospéchu vsech.

Cislo WG Nazev Cesky delegit
02 Vyzkum Doc. Ing. Alexandr Rozsypal, CSc., SG-GEOTECHNIKA, a. s.
03 Smluvni praxe v podzemnim stavitelstvi Ing. Jaromir Zlamal, POHL CZ a. s.
05 Zdravi a bezpe¢nost Ing. Jifi Tvardek, VOKD, a. s.
06 Udrzba a oprava tunelu Ing. Petr Vozarik, METROSTAY, a. s.
11 Ponorované a naplavované tunely Prof. Ing. Jan L. Vitek, CSc., METROSTAYV, a. s.
12 Pouziti stfikaného betonu Ing. Pavel Poldk, METROSTAYV, a. s.
14 Mechanizace razicich praci Ing. Jifi Mosler, METROSTAY, a. s.
15 Podzemni dila a Zivotni prostredi Doc. Ing. Richard Siupérek, CSc., Ustav geoniky AVCR
16 Jakost neni zastupce
17 Dlouhé tunely ve velkych hloubkdch neni zastupce
18 Vycvik Dr. Ing. Jan Pruska, Stav. fak. CVUT Praha, Doc. Ing. Karel Vojtasik, CSc., VSB-TU Ostrava
19 Tradi¢ni tunelovani Ing. Véclav Soukup, METROSTAV, a. s., Ing. Otakar Hasik, Metroprojekt, a. s.
20 Problémy mést, podzemn{ feSeni Ing. Véclav Vale§, Metroprojekt, a. s.

Viézeni kolegové, vzhledem k tomu, Ze mi v rdmci prace v predsednictvu CTuK prindleZi ¢innost pracovnich skupin, rdd bych, abyste mi
jakékoliv ndméty, ndzory, zmény a zpravy z vasi ¢innosti zasilali na nize uvedenou adresu.

ING. STANISLAYV SIKORA, ¢len predsednictva CTuK, e-mail: sikora@vokd.cz

Po uzdverce Affter the copy deadline

CTuK i STA se zdrmutkem prijaly zprdvu, %e dne 13. iinora 2005
zemriel ve veku 89 let prof. Juraj Mencl. K Zivotu a dilu tohoto vyznam-
ného tuneldrského odbornika a vzdcného cloveka se vrdtime v pristim
cisle casopisu Tunel.

The CTuC and STuA have received a heavy news that Prof. Juraj Mencl
died on 13 February 2005, aged 89. We will get back to the life and work
of this outstanding tunnelling expert and special man in the next issue of
Tunel magazine.
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Spravodaj Slovenskej tunelarskej asociacie ITA/AITES
Slovak Tunnelling Asociation ITA/AITES reports

STA si na valnom zhromazdeni konanom v roku 2003 ur¢ila ciel oZivit'svoju ¢in-
nost’a odborné aktivity po predchddzajicom obdobi. Toto mal zabezpecit' novozvo-
leny vybor a naviac zlepsit' finanénd situdciu asocidcie, hlavne vyrovnanie zdvézku
voci vydavatelovi ¢asopisu Tunel.

Prvé zasadnutie vyboru STA sa konalo v Prahe v ¢ase konferencie Podzemné stav-
by Praha 2003, kedy sa uskutocnilo aj stretnutie s CTK a okrem iného sa dohodol
splatkovy kalendér zavizku STA voci vydavatelovi ¢asopisu Tunel. Na tomto zasad-
nutf si vybor STA ur¢il rdimcovy program pre rok 2004.

STA s ciefom zlepsit finanéni situdciu navrhla zmenu stanov, ktord schvlilo valné
zhromazdenie 20. 4. 2004. Zmena stanov umoziuje STA mat’ prijmy aj z poriadanych
akeif a sponzorskych prispevkov. Vdaka tejto zmene sa finanénd situdcia STA vyrazne
zlepsila a ku koncu roku 2004 nemad ziadne zdvizky voci vydavatelovi Casopisu Tunel.

STA spolu s pobockou Cestnej spolocnosti pri Slovenskej sprave ciest Bratislava
zorganizoval v jini v hoteli Permon na Podbanskom konferenciu so zahrani¢nou
ti¢astou Vyznam tunelov v doprave s tG¢astou cca 200 tcastnikov, ktorf ju hodnoti-
li velmi kladne napriek kratkemu Casu na jej pripravu. O konferencii bol v ¢asopise
Tunel samostatny ¢ldnok. Konferencia bola taziskovym odbornym podujatim zorga-
nizovanym STA.

STA hostila v Bratislave v mdji 2004 exekutivu ITA, ktord okrem iného ocenila
docenta Ratkovského pamétnou medailou. Sticastou podujatia bola ndvsteva stavby
tunela Sitina.

Clenovia STA sa ziiastnili svetového kongresu ITA, kde podporili dnes u7 tspes-
nid kandidatiru CTK na usporiadanie kongresu ITA v Prahe v roku 2007. Uprimne
gratulujeme. Moznu spolupracu na zorganizovani pokongresovej exkurzie na Slo-
vensko dohodnii vjbory STA a CTK.

STA sa tcastnila na organizovani prednasky profesora Eisensteina z Kanady.

STA pozvala na zasadnutie vyboru zdstupcov Banského tradu s ciefom dohodnit
budtcu spoluprécu pri priprave a vystavbe podzemnych diel.

STA pozyvala na zasadnutia vyboru zdstupcov ¢lenskych firiem, na ktorych sa
prezentovali a informovanosti o svojej ¢innosti.

Vybor STA na svojom ostatnom zasadnuti 8. 12. 2004 navrhol pre rok 2005 nasle-
dovné hlavné aktivity:

S cielom zapojit' vietkych ¢lenov STA do ¢innosti zorganizovanie ¢lenskej schdd-
ze v aprili 2005.

Valné zhromazdenie sa bude konat'v jini 2005.

STA zorganizuje v maji 2005 v tuneli Sitina prezentdciu firiem o striekanych beto-
noch s dérazom na dodévku kompletného systému (materidly a technoldgiu).

Zorganizovanie spoloéného stretnutia STA a CTK s ciefom dohodnit spolupracu.

Po nie velmi aktivnom obdobi pred rokom 2003 STA zaktivizovala svoju ¢innost’
a jej ¢lenovia sd odhodlani v nastipenom trende pokracovat.

ING. PETER DINGA

Informace CTuK ITA/AITES / Information from CTuC

Mezinarodni sympozium Eurock 2005 se kona v CR

Mezindrodni sympozium Eurock 2005 se kond od 18. do 20. kvétna 2005
v kongresovém centru hotelu Voronéz v Brné pod zastitou International Soci-
ety for Rock Mechanics.

Hlavni téma konference je Vliv lidské ¢innosti na geologické prostredi.

Konferenci organizuje Ceské narodni skupina ISRM a Ustav geoniky AV
CR Ostrava. Predsedou organiza¢niho vyboru je Dr. Ing. Pavel Kone&ny
(UGN AV CR).

Sympozium je roz¢lenéno na 8 sekei s timto zaméfenim:
. Odezva horninového masivu na zdsah ¢lovéka

. Stabilita svaha

. Vyzkum in situ

. Laboratorni vyzkum

. Stabilita podzemnich dél

. Matematické modelovani

. Méfeni napétovych poli v masivu

. Rozpojovan{ minerélt a hornin

(o N e Y R N N

Souddsti sympozia jsou tfi technické exkurze (19. kvétna) spojené s work-
shopy, a to:

1. Geotechnika. (Vysoké uceni technické Brno)

2. Mineralogie a mikrostruktury. (Palackého univerzita Olomouc)

3. Laboratorni méfen{ v geomechanice. (Ustav geoniky AV CR Ostrava)

Sympoziu predchdzi zaseddni predsednictva ISRM (ISRM Board — 16.
kvétna), zdstupct narodnich skupin (European Council — 16. a 17. kvétna)
a komisi ISRM (17. kvétna).

Podrobnosti jsou na webovych strdnkach:

www.ugn.cas.cz/data/eurockO5/conference.htm

Cena akademika Quida Zaruby - pfihlasky do soutéze

(soutéZ je uréena pro mladé geotechniky z Ceské republiky, jejichz vék
nepresdhl 35 let) B

Ceskd asociace inzenyrskych geologn, Ceskd geotechnickd spolednost
a Stavebni geologie — Geotechnika, a. s., vyhlasuji 4. 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 2004 v oborech: Mechanika zemin, Mechanika hornin, InZzenyrska geo-
logie, Podzemn{ stavby, Zaklddani staveb, Geotechnicky a inzenyrskogeolo-
gicky prazkum, Environmentélni geotechnika.

Souté? bude vyhodnocena nezavislou komisi slozenou ze zastupcii CGtS,
CAIG, CVUT, UK Praha, VUT Brno, VSB-TU Ostrava. Cena bude preddna na
Prazskych geotechnickych dnech 2005, které se konaji ve dnech 23. a 24. kvét-
na 2005. Cena pro autora ocenéné prace pozustdvé z diplomu a z prispévku
15 000 K¢ na dhradu dcasti na mezinarodni konferenci IAEG, ISRM, ITA,
ISSMGE apod. Pfihlasky do soutéZe zaslete do 31.3.2005 na adresu:

Stavebni geologie — Geotechnika, a. s., Ing. M. Frombergerova,

Geologickd 4, 152 00 Praha 5, tel. 234 654 101, fax: 234 654 102, e-mail:
sekretariat@geotechnika.cz. Podrobné informace na www.geotechnika.cz

DOC. ING. ALEXANDR ROZSYPAL, CSc.

The Eurock 2005 international symposium will take place in Brno

The international symposium Eurock 2005 will take place from 18 to 20 May 2005
at the congress centre of Voronéz hotel in Brno, under the auspices of the Internatio-
nal Society for Rock Mechanics.

The conference key topic is The impact of human activities on geological envi-
ronment.

The conference is organised by the Czech national group of the ISRM, and the
Ustav geoniky AV CR Ostrava (the Institute of Geonics of the Academy of Sciences
of the CR in Ostrava).

The organisation committee is chaired by Dr. Ing. Pavel Koneény (UGN AV CR).

The symposium is divided into 8 sections with the following focuses:

1. Rock mass response to human activities

2. Slope stability

3. In-situ research

4. Laboratory research

5. Stability of underground works

6. Mathematical modelling

7. Measurement of stress fields in rock mass

8. Disintegration of minerals and rock

The following three technical excursions (19 May) are parts of the symposium,
connected with the workshops:

1. Geotechnics. (The Technical University in Brno)

2. Mineralogy and microstructures. (The Palacky University in Olomouc)

3. Laboratory measurements in geomechanics. (The Institute of Geonics of the

Academy of Sciences of the CR in Ostrava)
More details on web-side: www.ugn.cas.cz/data/eurockO5/conference.htm

Academician Quido Zaruba Award - competition entry forms

(young geotechnicians from the Czech Republic whose age is not higher than 35
years are eligible)

Ozndmeni

Stavebni geologie - Geotechnika, a.s. ve spoluprdci s CGtS a aS vyhorem MZZS
pordda odborny seminaf

PRAZSKE GEOTECHNICKE DNY 2005

ve dnech 23. a 24. kvétna 2005
v budové Akademie véd CR, Praha 1, Nérodni tfida 3
Téma: Geotechnika pro extrémné zatizené konstrukce (geotechnicky prozkum,
geotechnické Feseni a projekt zalozeni, porovnéni predikce a skuteénosti)

Pozvénky véetné podrobného programu a zdvaznych prihlasek budou rozesilany
zacdtkem dubna 2005. Akiudlni informace o aki a prihlasku najdefe
na webovych strankdch spole¢nosti www.geotechnika.cz
Kontakini adresa: SG - Geotechnika, .. (Ing. M. Frombergerovd), tel.: 234 654 101,
fox: 234 654 102, e-mail: sekretariasi@geotechnika.cz
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Pordda: Cesky tunelaisky komitét ITA/AITES
Z povétent: International Tunnelling Association ITA/AITES
Pod zastitou: Primatora hl. mésta Prahy a ministra pro mistn{ rozvoj

POZVANKA DO PRAHY

Jménem Ceského tuneldrského komitétu ITA/AITES dovoluji si pozvat
odborniky 7 fad tuneldrii a pribuznych oborti z celého svéta na Svétovy tune-
ldrsky kongres 2007 a 33. vyroéni zaseddni valného shromdZdéni
ITA/AITES, které se budou konat ve dnech 5. — 10. kvétna 2007 v Praze.

Dostalo se ndm této pocty a diivéry delegdtii lenskych zemi ITA/AITES jiz
podruhé od roku 1985. Po tFicet let pordddme pravidelné v triletych inter-
valech také mezindrodni konference pod ndzvem ,, Podzemni stavby Praha*“.

Od devadesdtych let doznala Praha vyrazné promény. Historické centrum
dnes poskytuje potéseni z obnovené krdsy tisiciletého vyvoje architektury.
Nové jsou Feseny i dopravni problémy a infrastruktura hlavniho mésta, v niz
podzemi — ¢tvrtd dimenze velkomésta hraje nezastupitelnou roli.

Nabidneme vdam Sirokou paletu doprovodnych i pokongresovych kultur-
nich a zdbavnich akci a pozndvacich zdjezdii do okoli i vzddlenych koutii
Ceské republiky a Slovenska.

Ubytovdni bude pro vds pripraveno v hotelich svétové virovné i v titulném
prostredi malych penzionii.

Stoji zato pFijet do Prahy a spojit odborné setkdni tuneldri se zajimavymi
estetickymi a turistickymi zdZitky.

Tésim se, Ze vds budu moci v Praze privitat.

Ing. Ivan Hrdina
predseda Ceského tuneldiského komitétu ITA/AITES

Open session: Problematika ndvrhu a realizace podzemnich staveb v his-
torickych centrech mést

Hlavni diskusni témata:

1. Pldnovéni podzemnich staveb, podzemni urbanismus

2. Geotechnicky pruzkum a zlepSovéni horninového prostredi pro pod-
zemni stavby

3. Vyzkum, vyvoj a projektovéni podzemnich staveb v zastavéném tzem{

4. Tunelovédni ve méstech a jeho monitoring: konvenéni i mechanizova-
nd razba

5. Podzemni stavby budované s povrchu v zastavéném dzemi

6. Beton v podzemnim stavitelstvi

7. Rozdéleni a fizeni rizik a feSeni mimorfddnych situaci v podzemnich
stavbach

8. Vybaveni tunel a bezpe&nost provozu

9. Historické podzemnf stavby, idrzba a rekonstrukce podzemnich staveb

Hlavni terminy: .
@ Prvni ozndmeni na web strance CTuK: 30. 11. 2004
® Druhy cirkuldr ,,Call for papers® s formuldrem k prihldseni

prispévku, prihlaskou k dcasti na kongresu a k objedndvce

nabizenych sluzeb bude rozeslan do: 30.9.2005
® Abstrakty prispévku v rozsahu max. 1A4 bude treba
predlozit do: 28.2.2006

@ O prijeti/nepfijeti piispévku budou autori vyrozuméni do: 30. 4. 2006

@ Prispévky v konecné podobé bude treba predlozit do: 30. 9. 2006
o Treti cirkuldr ,,Kone¢ny program® bude rozeslan do: 31.1.2007

V rdmci kongresu bude organizovéna prezentace postert a odbornd vysta-
va. Po kongresu probéhnou odborné exkurze v Ceské a Slovenské republice,
pripadné i v sousednich zemich stfedoevropského regionu.

Organizaéni vybor WTC 2007: Georgij Romancov, predseda; J. Aldorf,
J. Bartdk, J. Dvorék, I. Hrdina, M. Kadlec, J. Lepi¢ovd, L. Marik, K. Matz-
ner, P. Micunek, M. Novotny, S. Sikora, J. Smolik

Sekretariat Organizacniho vyboru WTC 2007 :

Lamis Abdalla, SATRA, a. s., Sokolska 32, 120 00 Praha 2
Tel.: +420 296 337 171; Fax: +420 296 337 179;
e-mail: lamis.abdalla@satra.cz; web CTuK: www.ita-aites.cz

Védeckd rada WTC 2007: Jiti Bartdk, predseda; Karel Matzner, sekretdr;
Clenové nérodni sekee: J. Aldorf, F. Dvordk, J. Dvordk, M. Koletkar, V. Krch,
L. Mafik, M. Novotny, J. Pavlik, P. Poldk, J. Pruska, P. Pfibyl, A. Rozsypal,
J. Smolik, M. Srb, E. Stehlik, L. Sajtar, R. Snupérek, J. Vitek, P. Vozarik

Poradni sbor ITA/AITES: Zdenék D. Eisenstein, predseda
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ITA-AITES WORLD TUNNEL CONGRESS 2007

,,Underground Space — the 4th Dimension of Metropolis*
and the 33rd ITA-AITES GENERAL ASSEMBLY,
5 -10 May 2007, Prague, Czech Republic
web page: www.wtc2007.org

Organized by: Czech Tunnelling Committee ITA/AITES
Sponsored by: International Tunnelling Association ITA/AITES
Under the auspices of: Lord Mayor of Prague and Minister for Regional Development

Invitation to Prague

On behalf of the Czech Tunnelling Committee ITA/AITES, I would like to invite
professionals involved in tunnelling and its associated industries from all over the
world to the World Tunnel Congress 2007 and the 33rd ITA/AITES Annual Gene-
ral Assembly, which will be held in Prague between 5 - 10 May 2007. It is a great
privilege that we have been honoured by the delegates of the member countries to
organize this event once again, following 1985, when WIC “Tunnel City” took place
in Prague. Following this, we have been organizing regular triennial international
conferences “Underground Construction - Prague” for the past thirty years.

Since the nineties, Prague has experienced significant change, not only in the
realm of politics. Today the historical centre gives visitors the pleasure of experien-
cing the renewed beauty of the thousand-year development of its architecture. The
increased number of visitors and related problems with traffic and the infrastructu-
re of the capital, where the underground space - the fourth dimension of the metro-
polis - plays an irreplaceable role, will create a suitable backdrop to the Congress.

You will be offered a wide range of accompanying and after-congress cultural
and entertainment events, together with sightseeing tours both in Prague and its
surroundings and to remote places in the Czech Republic and Slovakia.
You might enjoy a stay in a world-class hotel or perhaps choose the cosy atmosp-
here of Prague’s smaller hotels and pensions. I hope you will find it a worthwhile
trip to come to Prague and join this meeting of tunnelling professionals, in a histo-
ric city rich in cultural and social experience.

I look forward to welcoming you in Prague in 2007.

Ing. Ivan Hrdina
Chairman of the Czech Tunnelling Committee ITA /AITES

Open Session:Design and Implementation of Underground Constructions
in Historical City Centres

The main discussion topics:

1. Planning of Underground Constructions, Underground City Design

2. Geotechnical Survey and Improvement of Ground Mass

3. Research, Development and Design of Underground Constructions in Built-up Areas

4. Urban Tunnelling and its Monitoring: Conventional and Mechanized Tunnelling

5. Underground Constructions Executed from Surface in Built-up Area

6. Concrete in Underground Construction

7. Distribution and Management of Risks and Accidents during Tunnelling

8. Tunnel Equipment: Fire and Operational Safety ) ‘
9. Historical Underground Constructions; Maintenance and Reconstruction of
Underground Constructions

Main Deadlines:
o The first announcement on the CTuC web page: 30.11. 2004
® The second circular “Call for papers” attached with the form

for registration of papers, attendance at the congress, and ordering

of offered services will be distributed by: 30.9.2005

@ Submission of abstracts of papers not exceeding 1A4 is requested

not later than: 28.2.2006
@ Authors will be notified of acceptance/non-acceptance

of their papers by: 30.4.2006
@ Submission of final versions of papers is requested

not later than: 30.9.2006
@ The third circular “Final Programme” will be distributed by: 31.1.2007

Presentation of posters and a technical exhibition will be organised in the frame-
work of the congress. Technical visits to locations in the Czech Republic and the
Slovak Republic, possibly also in neighbouring countries of Central Europe, will
take place after the congress.

WTC 2007 Organisation Committee: Georgij Romancov, Chairman
J. Aldorf, J. Bartdk, J. Dvordk, I. Hrdina, M. Kadlec, J. Lepi¢ovd, L. Mafik,
K. Matzner, P. Micunek, M. Novotny, S. Sikora, J. Smolik

WTC 2007 Organisation Committee Secretariat:

Lamis Abdalla, SATRA, a. s., Sokolska 32, 120 00 Praha 2

Tel.: +420 296 337 171; Fax: +420 296 337 179;

e-mail: lamis.abdalla@satra.cz; web CTuK: www.ita-aites.cz

WTC 2007 Scientific Board: Jiii Bartdk, Chairman; Karel Matzner, Secretary of
Scientific Board National Section Members: J. Aldorf, F. Dvordk, J. Dvorak, M.
Koleckdr, V. Krch, L. Matik, M. Novotny, J. Pavlik, P, Poldk, J. Pruska, P. Pribyl, A.
Rozsypal, J. Smolik, M. Stb, E. Stehlik, L. Sajtar, R. Stuparek, J. Vitek, P. Vozarik

ITA/AITES Advisory Board: Zdenék D. Eisenstein, Chairman



