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VaZeni kolegové,

V leto§nim roce si Metrostav, a. s., pfipomina 30 let od
vzniku spolegnosti. Shodou okolnosti je to také vyrodi,
kdy byly plné rozvinuty préce na prazském metru
a Metrostav byl tehdy zfizen pravé proto, aby novy fe-
nomén podzemni dopravy v Praze uved| v Zivot. Pro
¢eské podzemni stavitelstvi, ale i pro zvlaSini zakladani
tim zacala zcela nebyvald éra rozkvétu a technickych
inovac{. Vzpomerite jen, které technologie byly na me-
tru pouzity bud v Cechdch vibec poprvé, nebo poprvé
v tak velké mife. Tunely se razily titovanim i prstenco-
vou metodou, $iroce se aplikovaly injektdZe, podzemni
i pilotové stény, fesil se sloZity podchod Vitavy i dosud
nevidany rozsah praci pod prazskym historickym cen-
trem. Projektant, investor i dodavatel se ucili provadét
naro¢nou liniovou stavbu v Zivém organismu mésta
a v poslednich tficeti letech vyrostly nové generace technikd, kteff
staveji na zakladech tehdy vznikajicich

Stavba metra rostla a Metrostav, a. s., rostl s ni. Dnes za spole¢nosti
zlstalo 50 km tras metra, 51 stanic, tedy taktka 100 km tunell v komp-
likovaném prazském podzemi. Dal$i prace pfitom pokraCujf, loni na
podzim Metrostav, a. s., zah4jil stavbu dal$iho Useku metra, tentokrat
prvni ¢4st 1V, Provozniho Gseku trasy C od stanice HoleSovickd do
Lddvi,

ZkuSenosti z vystavby podzemni drahy aplikoval Metrostav, a. s., na dal-
ich podzemnich stavbach, pfipomenout je moZno napi. Strahovsky
automobilovy tunel, silni¢éni tunel Hfebe¢, Zelezni¢ni tunel Euerwang
v Némecku, kolektory v Praze Na Pfikopech, nebo dnes rozpracovany
tunel Mrazovka, ¢i pravé zacinajici razby tunelu na pfeloZce Zelezni¢ni
trati Chomutov ~ Bfezno

Po roce 1990 zadal Metrostav, a. s,. pouZivat zkuSenosti nacerpanych
na metru i v ostatnich segmentech stavebniho trhu. Schopnost orga-
nisovat rozsahlé liniové stavby naro¢né na koordinaci s neméné slo-
zitym technologickym vybavenim i systémy fizeni kvality, které si
Metrostav osvojil na podzemni draze, byly dobrou kolou i pro nastup
do celého oboru. Dnes, po deseti letech, je tak Metrostav, a. s., univer-
zalni stavebni firmou, kterd je vaZenym partnerem i pro ty nej-
naro¢néjsi investory a respektovanym konkurentem stavebnich firem.
Metrostav a.s. zfskal velmi dobré postaveni v oboru rekonstrukci pa-
matkovych objektl, je jednim z nejvétsich stavitell bytd, které stavi
nejen pro cizf investory, ale i v rdmci vlastnich developerskych projek-
tl. Metrostav také postavil fadu objektd pro obchodni fetézce a za
poslednich deset let se stal napfiklad i zdaleka nejvyhleddvangjsim
zhotovitelem divadelnich prostor v Praze.

Tticet let je v zivoté firmy dlouhd doba, pfesto si dovolim na tomto
misté tvrdit, Ze Metrostav je firmou mladou. Mladou pfedevsim svymi
lidmi, nebot Metrostav vZdy rad daval pfileZitost mladym, o jejich rlist
pecoval, a tak si zajistoval nové a nové generace technikd i délnikd,
manazer( i ekonomd. Proto pfi svém rozvoji mlize spole¢nost spoléhat
na dostatek kvalitnich lidi, které si pfevazné sama vychovala. To by
samozfejmé nebylo moZzné bez Uzké a dlouhodobé spoluprace s vy-
sokymi Skolami, se kterymi ma Metrostav uzavfeny dlouhodobé smlou-
vy o spolupraci, kterd pfind8i prospéch obéma strandm: Vysokym
Skolam umoziuje kontakt s praxi a Metrostavu pak pfindsi moznost
trvale vzdélavat své zaméstnance. Je tfeba proto i na tomto misté po-
dékovat alespont CVUT Praha, Vysoké Skole banské - technické uni-
versité z Ostravy, a prazské VSE. Jejich pomoc pfi rozvoji firmy je ne-
ocenitelnd a pro dal$i Zivot Metrostavu nezbytna.

V loriském roce dodlo i k zasadnf zméné majiteld Metrostavu a vlast-
nikem majoritniho podilu se stal bratislavsky Doprastav, a. s. Vznikla
tak slovensko-¢eska skupina, ktera bez jakychkoliv bariér mize praco-
vat na obou trzich. O¢ekavam, Ze toto spojeni roz$fif naSe moznosti na
trhu slovenském, zrovna tak jako moznosti Doprastavu na trhu es-
kém.

Do 21. stoleti tak vstupuje Metrostav s pevnou vlastnickou strukturou,
se schopnosti operovat na celém stavebnim trhu a s kvalitnim lidskym
zézemim. Diky témto atributim nasi budoucnosti jsem pfesvédten, Ze
v dal8ich letech bude jméno Metrostav znamenat to, co znamena
dnes: pro partnery spolehlivost, kvalitu a seriéznost, pro zaméstnance
perspektivu a moznost ristu,

Honorable Colleagues,

Metrostav, a. s., reminds itself of the 30th anniversary of the com-
pany foundation this year. Coincidentally, it also is an anniver-
sary of the date on which the fully spread works on the Prague
subway started. Metrostav was founded then with the intention of
bringing this new phenomenon of underground transportation in
Prague to life. For the Czech underground engineering, but also
for specialist foundation, an absolutely new-coming era of pros-
perity and technical innovations thus began. Just let us remem-
ber which techniques were, within the subway project, used
either for the entirely first time in Bohemia, or for the first time in
such a large scale. Tunnels were driven by shielding and the ring
method was used; grouting, diaphragm and pile walls were wide-
ly applied; a complicated underpass of the Vitava River as well
as yet unseen range of works beneath the Prague historic center
were being solved. The engineering consultants, the owner and
the contractor learned how to implement this demanding line project within the liv-
ing organism of the city. During the last 30 years new generations of technicians,
who are building on the grounds then being founded, have grown up.

The subway construction has grown and Metrostav, a. s., has grown along. By
today, 50 km of subway lines and 51 stations, i.e. about 100 km of tunnels built in
the complicated Prague underground, have been left behind the company.
Further works still continue. Last fall Metrostav, a. s., started the work on the con-
struction of another subway section, this time the first part of the operational sec-
tion IV of the C line from the HoleSovicka station to the Ldavi disirict.

Metrostav, a. s., has applied its experience from the subway construction fo other
underground works. It is viable to mention for instance the Strahovsky vehicular
tunnel, Hiebeé& road tunnel, Euerwang railroad tunnel in Germany, utility tunnels
under Na Pfikopech street in Prague, the currently semi-finished Mrazovka tunnel
or just commencing excavation of the tunnel on the Chomutov-Bfezno bypass rail-
road line.

Since 1991, Metrostav, a. s., has been using the experience gained from subway
work also in other segments of the civil engineering market. The ability to organize
extensive line projects, demanding in the coordination with suppliers of no less
complex technological equipment as well as in the application of quality manage-
ment systems which Metrostav had adopted on the subway construction, was also
a good lesson for entry into the overall industrial field. Therefore now, after
10 years, Metrostav, a. s., is a universal civil engineering contractor, which is con-
sidered a distinguished partner for even the most demanding clients, and a
respected competitor of civil engineering companies. Metrostav, a. s., has acquired
a very good position in the field of reconstruction of historic buildings, it is one of
the largest builders in terms of housing construction. It works not only for other
clients, but it also implements its own housing development projects. Metrostav
has also built a number of buildings for retail chains, and during the past 10 years
has also become by far the most sought contractor for theaters in Prague.

Thirty years is a long time in a company life, however, | stilf dare to claim at this
very spot, that Metrostav is a young company. It is young before all with its peo-
ple, because Metrostav has always gladly been giving opportunities to the youth,
has been laking care of its progress and thus generating new and new genera-
tions of technicians and workers, managers and economists for its own future
needs. Therefore, the company development can rely on abundance of qualified
people, whom it has mostly raised by itself. Indeed, this would not be possible
without a close and long-standing cooperation with universilies, which Metrostay
has long-term cooperation contracts with, which bring benefits to both si-
des: it allows the universities to keep in touch with practice and to Metrostav it
consequently offers the possibility to keep its employees educated. Therefore, it
is necessary at this spot to thank to at least the Czech Technical University in
Prague, the Mining University - the Technical University of Ostrava, and the
Prague University of Economics. Their help in the sphere of the company deve-
lopment is priceless and essential for the further living of Metrostav a.s.

In addition, a fundamental replacement of Metrostav owners occurred last year,
when Doprastav a.s. from Bralislava became the new owner of the major share,
A Czech-Slovakian group, which can without any barriers work within both mar-
kets, has thus been established. | estimate that this connection will broaden our
potentials at the Slovakian market, while also Doprastav's potential at the Czech
market.

Into the 21st century thus Melrostav enters with solid proprietary structure, with
possibility to operate within the entire engineering market and with high-quality
human background. Because of these atlributes of our future, I am convinced
that even in the following years the name Metrostav will mean the same what it
means today: reliability, quality and fervor for the partners, perspective and
potential of progress for the employees.

Ing. Jindfich Hess :
Pfedseda pfedstavenstva a generalni feditel - Head of the board of directors and general manager
METROSTAV, a. s.
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~ GEOTECHNICKE POMERY
ZAPADNIHO TUNELU MRAZOVKA

GEOTECHNICAL CONDITIONS
OF THE WESTERN TUBE OF THE MRAZOVKA TUNNEL

ING. JIRl HUDEK, CSc., Mgr. RADOVAN CHMELAR, PUDIS, a. s.

uvoD

Tupelu Mrazovka jako nejnaro¢nési a nejvétsi soucasné stavbé tohoto typu
v Ceské republice (a nékterymi parametry vyznamnému dilu i z celosvé-
tového hlediska) byla v posledni dobé vénovéana fada publikaci. Patfi k nim
zejména pfispévky konference Podzemni stavby Praha 2000, které s geo-
technickou problematikou v tomto ¢lanku stru¢né rekapitulovanou souvise;ji
a v nékterych oborech ji podrobnéji specifikuji.

Tunel Mrazovka bude vyznamnou soucasti severozapadniho sektoru mést-
ského okruhu v Praze, ktery vyplni mezeru mezi jiz zprovoznénym Stra-
hovskym tunelem a Barrandovskym mostem, Razba zapadni trouby (délky
1 004 m) byla zahdjena v prosinci 1998 a po dvou letech se teméf dokoncu-
je. Investorem je Magistrat hi. m. Prahy - odbor méstského investora, pové-
fenym mandataiem je VIS Praha, a. s., ktery rovnéZ zaji{uje a fidi monito-
ring vystavby [lit. 8]. Zhotovitelem stavby je SdruZeni pfednich ceskych tu-
nelaiskych firem Metrostav, a. s., a Sublerra, a. s. Generalnim projektantem
souboru staveb je PUDIS, a. s., projekty raZenych objekid zpracovava Satra,
s. 1. 0. [lit. 9], na realiza¢ni dokumentaci se téz podili Metroprojekt, a. s.
Priizkumné stfedisko PUDIS a autofi ¢lanku osobné se zabyvaji geotechnic-
kymi poméry na trase lunelu Mrazovka od pocatku inZenyrskogeologickych
prizkumnych praci [lit. 5] az do sou¢asného sledovani vystavby. Narognosti
stavby odpovidal i znaény rozsah prizkumu, kiery zahrnoval nejen vriné
prace z povrchu terénu, ale také prizkumnou 3tolu (délky 790 m) razenou ze
saveru (novou rakouskou tunelovaci metodou - stejné jako vlastni tunel)
divizi 5 a. s. Metrostav v letech 1996 - 1998. Pfi podrobné dokumentaci
prizkumnych dél, realizaci souboru zkousek z oboru mechaniky hornin
a méfeni geotechnické Gasti monitoringu (jak prizkumné Stoly, tak i samot-
ného tunelu) byla ziskana fada cennych informaci doplitujicich a upfesiiu-
jicich celkovy nazor na pfislusnou ¢ast problematiky realizace tunelovych
staveb v Praze, Tento ¢lanek navazuje na pfedchozi zpracovani z r.1997 [lit.
3], doplifiuje a upfesfiuje jej o poznatky ziskané pfi prizkumu a realizaci
zapadnino tunelu v nasledujicim tfiletém obdobl.

GEOMORFOLOGICKE ) -
A INZENYRSKOGEOLOGICKE POMERY

Trasa tunelu Mrazovka je geomorfologicky vymezena kvartérnimi geologic-
kymi Gtvary vzniklymi erozni a akumulaéni ¢innosti Vitavy (nejmladsi Gdolni
terasa nazyvand v Praze maninskd) spolu s jejimi pfitoky - Motolskym
a Radlickym potokem.

Variabilita v petrografickém sloZeni, a tudiz | v pevnosti a odolnosti ordovic-
kych hornin viéi procesim zvétravani, ovlivnila modelovani reliéfu terénu
v oblasti tunelu Mrazovka vyvojem eroznich ryh a splachovych depresl.
MiZeme tedy Casto pozoroval projevy této selektivni eroze, pfi niz vytvife-
ji pevnéjsi souvrstvi terénnl elevace (Pavi vrch a Mrazovka), kdeZto vlast-
ni koryla &i eroznf ryhy jsou zahloubeny v mékcich ordovickych souvrst-
vich (ul, Ostrovského a Bieblova). Tyto erozni deprese jsou navic pre-
dLsponovany i lektonicky, To vie je patrné ze schematickeho fezu na
obr, 1.

Tunel Mrézovka je razen v horninovém masivu tvofenym sedimenty, které
se usazovaly na dn& chladného ordovického mofe (stardi paleozoikum)
v prazské panvi, kiera je soucdsti Barrandiénu, Tyto sedimenty byly nasled-
né pfi variském vrasnéni (karbon — mladsi paleozoikum) nejprve vyvrasnény,
co? se projevilo vyraznymi synklindlnimi (vrch Mrézovka) i antiklinalnimi
strukturami (napf. raZbou ovéfena antiklinala kfemencld v prostoru ul. Bie-
blova, pfedpokladana jiz Q. Zarubou v r. 1948). Pozdéji byly lylo sedimenty
jesté “rozldamany'podé! zlomi &i lokéalnich tektonickyceh poruch na jednotliveé
lektonické kry,

V kvartéru pak dosle v mistech predisponovanych lektonickymi liniemi ke
vzniku eroznich ryh, vyplnénych sedimenty ob&asnych vodotecl. Na svazich
a jejich Gpali se zase vyvinuly deluviaini (svahové) sedimenty. Nakonec byl
v recentu na mnoha mistech terén zarovnan navazkami.

Z hlediska litologicko-genetického, ktery je pro inZenyrskogeologicky pii-
stup nejvhodngjsi, lze horninovy masiv tunelu Mrazovka rozélenit na 4 cha-
rakleristické lypy vyznaéené ve schematickém geologickém fezu v obr. 1.
Ve sledu od severu k jihu to jsou:

» monotdnni vyvoj letenského souvrstvl: prachovitopiséité biidlice, deskovité
vrstevnate, s hustotou diskontinuit velkou aZ stfednl, ojedinéle s menaimi
vlozkami kfemenci a piskoved,

= libefiské bidlice (libefiské souvrstvi) - jllovitoprachovité bfidlice, deskovitd
aZ nezfeteln& vrstevnaté, s hustotou diskontinuit velmi velkou az stfedni;

* fevnické kiemence (libefské souvrstvi) - jemnozrnné kiemence az kfe-
menneé piskovee, lavicovité vrstevnaté, s hustotou diskontinuit stfedni az
malou (ilustrace na obr. 2), s viozkami mékkych jilovitych bidlic;

INTRODUCTION

The Mrazovka tunnel, being currently the most demanding and largest con-
struction of this type in the Czech Republic (and, for some of its parameters,
important also in the worldwide scale) has recently become the lopic of se-
veral publications. Among them, in particular, there are papers of the con-
ference "Underground Construction Prague 2000°, which are connected with
the geotechnical issues briefly recapilulated in this article, and which speci-
fy them in some spheres in a more detailed manner.

The Mrazovka tunnel will become an important part of the north-western sec-
tor of the Prague City Ring Road, which will fulfil the gap between the
already operated Strahov tunnel and the Barrandov bridge. The drive of the
western tube (1,004 m long) started in December 1998, and after two years
it Is nearly being completed. The owner is the Prague City Hall, the depart-
ment of the city investor, the authorised mandatory is VIS Praha a.s., who
also ensures and manages the work on the construction monitoring [8]. The
contractor for the construction is a joint-venture of prominent Czech tunnel-
ing companies Metrostav, a.s. and Subterra a.s. General design consultant
is PUDIS a.s., the designs of driven structures are developed by Satra s.r.o.
[9], a part of the work on the detailed design is shared by Metroprojekt a.s.
The survey department of PUDIS and authors of this article in person have
been engaged in determination of the geotechnical conditions along the tun-
nel Mrazovka alignment since the beginning of the engineering and geologi-
cal investigation [5] up to the current construction monitoring. The extensive
investigation corresponded to the challenges of the project. It contained not
only drilling from the terrain surface, but also a 790 m-long exploratory
gallery,.driven from the north by the New Austrian Tunnelling Method (identi-
cally with the tunnel proper) by Division 5 of Metrostav a.s. in the years 1996
- 1998, A lot of precious information complementing and making more pre-
cise the overall view on the corresponding part of the issue of realisation of
tunnel structures in Prague was obtained in the course of the work on the
detailed documentation of exploratory works, the performance of a set of
tests from the field of rock mechanics, and geotechnical measurements (as
a part of monitoring of the exploratory gallery and the tunnel proper). This
article is a continuation of the previous version from the year 1997 [3], and it
complements and specifies that version using the knowledge obtained in the
course of the investigation for and realisation of the western tunnel tube per-
formed within following 3 years’ period.

GEOMORPHOLOGICAL AND ENGINEERING-
GEOLOGICAL CONDITIONS

In terms of geomorphology, the alignment of the Mrazovka tunnel is defined
by Quaternary formations, which originated by the erosion and accumulation
activities of the Vitava river (the youngest valley terrace, which is called
Maniny in Prague) and its tributaries, i.e. Motol and Radlice brooks.
Variability in the petrographical composition, thus also that in the strength
and weathering resistance of Ordovician rocks, affected the process of mo-
delling the terrain relief in the area of the Mrazovka tunnel by development of
rills and washout depressions. Therefore, we can often observe manifesta-
tion of this selective erosion, which creates more competent strata of a ter-
rain elevation (Pavi vrch and Mrdzovka hills), while troughs or rills are sunk
in softer Ordovician strata (Ostrovskeho and Na Doubkove streets). On top
of that, these erosion depressions were also predisposed tectonically. All of
that is obvious from the diagrammatic section (Fig. 1),

The Mrazovka tunnel has been driven in a rock massif formed by sediments,
which settled at the bottom of the cold Ordovician sea (lower Palagozoic) in
the Prague basin, which is a part of the Barrandiene ( a characteristic sedi-
mentation basin of the Proterozoic Eon, reaching up to the Palaeozoic Era,
named in honour of a renowned French palaeontologist). Successively,
those sediments were first folded during the Variscan orogeny (the
Carboniferous, i.e. the upper Palaeozoic), which manifested itself by pro-
nounced synclinal (Mrazovka hill) or anticlinal structures (e.g. a quarizite
anticline in the area of Bieblova street, which was anticipated by Q. Zaruba
as early as 1948). Later on, these sediments were fractured along faulls or
local tectonic weaknesses into individual tectonic blocks.

Then, in the Quaternary, rills infilled by sediments of intermittent water
courses (washouts) originated in the locations predisposed by tectonic
lines. On the other hand, diluvial sediments (slope wash) developed on
slopes and their foots. Finally, the terrain was levelled at many locations by
made-ground.
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« flySovy vyvoj letenského souvrstvi - pistité aZ drobové bfidlice, lokalné
piechazejicl az v kfemenné piskovce, se stfedni az malou hustotou diskonti-
nuit, misty s viozkami jemnozranych kfemencil.

Pii posuzovani horninového masivu bylo nutné vzit na védomi, Ze se jedna
o heterogenni skalni horninovy masiv, a to nejen z hlediska stupné zvetrani
(tj. ve vertikainim sméru), ale i tektonického poruseni (horizontélni zmény).
Proto byly zjislovany geotechnické charakteristiky nejen pro jednotlivé zony
téhoz stupné zvétrani, ale i pro oslabené zény v horninovém masivu, kleré
vytvaiejl rlzné Sirokd poruchové pasma (s charakteristickou vy$si hustotou
diskontinuit ¢i aZz dokonce horninou dezintegrovanou na tlomky vyplnéné
jemnozrnnou zeminou - viz obr. 3). Tato poruchova pasma byla posuzovéna
jako samostatny kvazihomogenni typ.

Podzemni voda se v zajmové oblasti vyskytuje jednak v pokryvnych Utvarech
(v prostfedi s pralinovou propustnosti) a jednak ve skalnich horninach s puk-
linovou propustnosti. Tyto zvodné navzajem é&astedng komunikuji. Ve skal-
nim podloZi vzniké zvodnéni v pasmu povrchového rozvolnéni diskontinuit,
ve slabé a? silng zvétralé zoné. V pokryvnych otvarech se vyskytuji prede-
v&im lokalni zvodné v oblastech eroznich ryh, napt. v ul. Ostrovského.

GEOTECHNICKE CHARAKTERISTIKY

Pti priizkumu a monitoringu vystavby byly v jednotlivych Usecich trasy zjisto-
vany charakteristiky tfl objemové rozdilnych rozliSovacich Urovai:

« zakladniho materialu horniny (horninové substance);

» prvkd horninového masivu (horninovych blokd a rozdélovacich ploch);

» horninového masivu.

Tyto rozdilné charakteristiky maji v daném typu prostfedi odli$né pouziti pro
Ucely projektu a realizace tunelu Mrazovka a existuji mezi nimi empiricky
odvozené korelaéni vztahy.

VLASTNOSTI ZAKLADNIHO MATERIALU HORNINY

Horninou (resp. zékladnim materialem horniny - horninovou substanci) rozu-
mime &ast vymezenou rozdélovacimi plochami - diskontinuitami. Jeji charak-
teristiky zjisfujeme laboratornimi zkouskami mechaniky hornin na odebra-
nych vzorgich vrinych jader &i blokl aZ Glomkd horniny. Vysledky maji
pfevazné pouze indexovy charakter a pouZivaji se napfiklad jako vstupni
hodnoty ke klasifikaénimu zatfidéni (véetné luneldfského). Z tohoto typu
zkoudek je nejdlleZitéj$i pevnost v jednoosém tlaku g (s eventuelnim do-
pinénim pfetvarnym diagramem). Jeji priibéh podél trasy zépadniho tunelu
je vyznacen v obr. 4. Jsou zde uvedeny primérné hodnoty ze série 5 az 10
paralelnich zkou$ek (variaéni koeficeint u pfisluSnych vybérd byl 20 az
35 %). U letenskeého souvrstyl (monotdnniho i fly§ového vyvoje) jsou samo-
statné doplnény i pevnosti vioZek kiemencl a kiemennych piskovel. Z graf
Lsou patrné velié rozdily mezi jednotlivymi Gseky, ktere ve sledu od severu
jihu Ize charakterizoval nasledujicimi zackrouhlenymi intervaly primérne
pevnosti:
« monotdnni vyvoj letenského souvrstvi: piscité bfidlice vykazuji ve zdravém
horizontu pevnost v jednoogém tlaku od 20 do 35 MPa a tedy z hlediska
klasifikace CSN 72 1001 a CSN 73 1001 se jedna o horninu tfidy R 3, tj. se
stiedni pevnosti (definovanou o. v intervalu 15 aZ 50 MPa). U mékéich poloh
prachovitych bfidlic pevnost ponékud klesd na 10 az 20 MPa a jejich
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From the lithologically genetic aspect, which is the most convenient for the
engineering-geological attitude, the rock massif of the Mrazovka tunnel can
be divided into 4 characteristic types, marked in the diagrammatic geologi-
cal section (Fig. 1). In the sequence from the north to the south, the types
are as follows: .

« monotonous development of the Letna series (i.e. the part of the Letna
series which originated by monotonous development, as opposed to the fly-
sch development): clayey-sillty shales, with tabular bedding, high to medium
density of disconlinuities, sporadically with quartzite and sandstone
interbeds

« Liben shales (the Liben series) - clayey-silty shales, with tabular to indis-
tinct bedding, very high to medium density of discontinuities

« Revnice quartzites (the Liben series) - finely granular quarizites to quart-
zose sandstones, with tabular bedding, with medium to low density of dis-
continuities (for illustration see Fig. 2), with interbeds of soft clayey shales.
« flysch development of the Letna series (i.e. the part of the Leina series
which originated by the flysch development)- sandy to greywacke shales,
locally changing to qartzose sandstones with medium to low density of dis-
continuities, from place to place interlayered by fine-grained quarizite

For the assessment of the rock massif, it was necessary to take into consi-
deration the fact that the rock mass is heterogeneous not only in terms of
weathering (i.e. in the vertical direction), but also in terms of tectonic fault-
ing (horizontal changes). For that reason, geotechnical characteristics were
determined not only for the individual zones showing the same degree of
weathering, but also for weakened zones in the rock massif, which form
weakness zones of various width (characterised by higher density of discon-
tinuities or even by a rock disintegrated into fragments mixed with fine soil -
see Fig.3). These weakness zones were assessed as an independent quasi-
homogeneous type.

Ground water occurs in the area in question either in the cover (in a rock
environment with diffusive permeability) or in rocky grounds with a fissure
permeability. Those water bearing areas partially communicate between
themselves. A water bearing area originates in the bedrock in the zone of
surface loosening of discontinuities, i.e. in a weakly to heavily weathered
zone. The cover contains primarily local water bearing areas in the locations
of rills, e.g. in Ostrovskeho street

GEOTECHNICAL CHARACTERISTICS

The characleristics of three distinguishing levels, differing in terms of their
volume, were determined by the construction investigation and monitoring
within individual route sections, i.e. the level of:

' the basic material of the rock (rock substance)

» elements of the rock massif (rock blocks and dividing planes)

» the rock massif

The above mentioned characteristics are utilised in a particular environment
by a differing manner for the purposes of the design and realisation of the
Mrazovka tunnel, and empirically deduced correlation relations exist among
them.

Hladina podzemni vody Water table
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Obr. 1. Schématicky geologicky fez zapadnim tunelem “ Mrazovka " (podle RNDr. J. Vorla a Mgr. R. Chmelafe) 5 x pfevySeno
Fig. 1. Diagrammatic geological section through the westem tube of the Mrazovka tunnel (according to RNDr. J. Vorel and Mgr. R. Chmelar),

elevation scale 5-times exceeded
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zatfidéni jiz zasahuje i do tfidy R 4 — hornina s nizkou pevnosti (c. v intervalu
5 az 15 MPa). Do této tiidy ndleZ i navétrala bfidlice v dseku pfilehlém
k severnimu portalu. Podruzné ojedinglé vioZky kfemenci a piskovct (moc-
nosti do 10 cm) maji primérnou pevnost v rozpéti 50 az 150 MPa a jedna se
tedy o harninu zahrnujici cely rozsah tfidy R 2 - s vysokou pevnosti;

« libefiské bridlice jsou z hlediska razby velmi dilezitou formacf, nebof se
vyskytuji téméF na poloviné trasy (dva Useky - severni pfed a jiznl za fevnic-
kymi kfemenci — viz obr, 1). ZasliZené |flovitoprachovité biidlice maji pevnost
10 a2 15 MPa a jsou klasifikovany jako hornina tfidy R 4 - s nizkou pevnosti.
V atypickém vyvoji (s vy&&imi objemovymi hmotnosimi zpisobenymi plimési
pyritu - napfiklad v okoll slani¢eni km 4,88 a 4,60) je pevnosl ponékud vyS&i
-'15 az 25 MPa, 1]. |iz ve spodni Casti intervalu tfidy R 3 (hornina se stfedni
pevnostf). Obdobné parametry ma na jihu rovnéz Usek pfilehly k nasledujici-
mu fly§ovému vyvoji letenského souvrstvi (pfechod je pozvolny - ubyva jilo-
vita slozka);

« fevnické kiemence — u pfevladajicich jemnozrnnych kiemenct je primérna
pevnost 100 aZz 150 MPa a jedna se tedy o horninu tfidy R 2 - s vysokou
pevnosti;

= flySovy vyvoj lelenského souvrstvi — pfeviadaijicl piscité aZ drobové bfidlice
maji pevnost 25 az 55 MPa a jsou klasifikovany vétsinou jako tfida R 3 (hornina
se stfedni pevnosti), v malém rozsahu zasahujl do spodni ¢asti R 2 - s vyso-
kou pevnosti. VieZky kiemencl a piskoved maji primérnou pevnost v rozpéti
80 az 130 MPa a jedna se tedy o horninu tfidy R 2 - s vysokou pevnosti.
Uvedené vysledky maji vztah k obtiznosti rozpojovani hornin a jsou jednou
ze vstupnich hodnot umoZziujicich posouzeni vhodnosti jednotlivych typd
mechanizml pro raZeni.

VLASTNOSTI PRVKU HORNINOVEHO MASIVU

Prvky horninového masivu se déli na objemové (horninové bloky) a plosné
(diskontinuity). Pro modelova FeSeni spolupisobeni s podzemnim stavebnim
dilem je tato rozliSovaci Uroven mimofadné dulezitd - viz rozbor pro tunel
Mrazovka v lit. [1].

Vlastnosti prvkd horninového masivu byly pfi prdzkumu zjistovany terénnimi
zkouSkami mechaniky hornin. Pevnost podél diskontinut (pfedevsim vrstev-
natosti a puklinatosti), eventualné s doprovodnymi tuhostnimi charakteris-
tikami, byla stanovovana prostfednictvim terénnich smykovych zkousek
s preduréenou plochou poruseni. Deformabilita a pevnost horninovych blokd
byla ovéfovéana terennimi méfenimi ve zku$ebnich rozrazkach (v jednoosém
a tfiosém tlaku, zatézovaci deskou) a dale presiometrickymi zkouskami ve
specialnich jadrovych vrtech. Priklad sestavy zkousky v tfiosém tlaku na hor-
ninovém bloku vysky 100 cm a délky hrany 50 cm z prazkumné Stoly Mra-
zovka zachycuje fotografie na obr. 5. Tento typ terénni zkousgky jsme vyvi-
nuli jiz pfed tficeti lety spole¢né s katedrou geotechniky YUT Brno vedenou
prof. V. Menclem a v sougasné dobé je PUDIS, a. s., v na$f republice jedi-
nym pracovistém vybavenym pfislunou aparaturou.

Z realizovaného pottu (nékolik set) presiometrickych zkousek na trase tu-
nelu Mrazovka pro ucely prizkumu a kontroly Uspésnosti zpeviiovacich
injektazi je nejddlezitgjsim vysledkem presiometricky modul pfetvarnosti
Ese, p. Pro porovnani deformovatelnosti (resp. tuhosti) horninovych blok(
v aktivni zoné nadloZi (vy$ky cca 5 m nad vrcholem tunelu) je do obr. 6 vy-
nesen pribéh jeho hodnot podél trasy. Jsou zde vyznadeny priméry ze
série 5 aZ 15 paralelnich zkou$ek (varia¢ni koeficeint u pfislusnych vybérd
byl 25 az 80 %) situovanych do vrtnych vé&jitG z prizkumné Stoly &i vrid
z povrchu terénu. Z grafu jsou patrné velké rozdily mezi jednotlivymi Useky,
které ve sledu od severu k jihu Ize charakterizovat nasledujicimi zaokrou-
hlenymi intervaly prdmérnych presiometrickych modull pfetvarnosti:

« monotdnni vyvoj letenského souvrstvi: se vzrlstajici vyskou nadloZi pod
vrchem Mrazovka roste E«, p od 260 na 470 MPa (jesté niz8i tuhost je
u navétralého prostiedi u severniho portalu);

= liberiské bfidlice se vyskytuji téméf na polovingé trasy tunelu, pficemz se
zde jednotlivé Useky podstatné [i$i mocnosti skalntho nadloZi a s tim sou-
visejicim stupném narudeni zvétravacimi procesy - viz obr. 1. Nejniz$i modu-
ly pretvarnosti jsou v oblastech, kde do aktivni zény nadlozi je§ié vyrazné
zasahuje vliv zvétrani (zejména pod erozni ryhou piilehlou k ulici Ostroy-
skeho). Zde jejich priméry klesaji az na 80 MPa a v oblasli celé terénni
kotliny mezi Pavim vrchem a Mrazovkou nepfevySujl hodnotu 250 MPa,
Podstainé pfiznivéjsi poméry jsou na Upall obou téchto vrchl, kde zdravé
nadlozl vykazuje primeéry E«, p v intervalu 250 a2 670 Mpa;

= fevnické kiemence presiometricky zkouseny nebyly, lze u nich pfedpokla-
dat podstatné vySsf tuhost nez u pfilehlych libenskych bfidlic;

» flySovy vyvo| letenského souvrsivi se nachazi v Casti trasy pod Pavim
vrchem a padlozl lunelu zde dosahuje mocnosti a2 pfes 45 m (viz obr. 1).
Primérmeé presiometrické moduly pfetvarnosti jsou zde znaéné vysoké, 80O
aZ 2500 MPa, a jedna se tedy o horninové bloky o vysoké luhosti (resp. velmi
nizkeé stlatileinosti).

Uvedené vysledky maiji vztah k poklesiim nadloZi zjisténym geotechnickym
maonitoringem pfi raZeni jednotlivych tsekd zapadniho tnelu Mrazovka.

VLASTNOSTI HORNINOVEHO MASIVU

Vzhledem k velikosti razenjch vyrubll (plocha tfipruhového tunelu 165 m?,
v rozplelu aZ 324 m), je zde objemové méfitko zasaZeného reprezenta-
tivniho horninového masivu az fadu lisicd m®. Proto jeho pevnostni a pfe-
tvarné viastnosti nelze pfimo stanovit Zadnymi laboratornimi € terénnimi
zkouskami. Pro kvazihomogenni modely spoluplsobenl horninového masivu
s podzemnim stavebnim dilem je viak moZné je odvozovat zpétnou analyzou
5 yyuZitim adaji naméfenych geotechnickym monitoringem vystavby. Pro
vlasini projekt prislusné ¢4sti stavby jsou takto ziskané parametry samozfe-
Ime slanaveny pozdé, maji viak vyznam umozdiujici kontrolu volby vhodné
varianty dalSiho postupu (v pilehlém Useku lrasy &i nasledujicim kroku vy-
slavby - napi. daléi sekvence déleného ¢ela vyrubu & dimenzovanl sekun-
darnino osténi).

zdpadni trouby tunelu Mrazovka je z hlediska vy3e uvedeného postupu
velkou vyhodou, Ze zde (pfiblizng ve tfech &tvrtindch lrasy) byla pfedem

PROPERTIES OF THE BASIC MATERIAL OF THE ROCK

Under the term ‘rock” (the basic material of the rock, i.e. the rock substance)
we understand a part delimitated by dividing planes - discontinuities Its
characteristics are determined by laboratory testing of rock mechanics, per-
formed on the core samples, blocks or fragments taken. The results have
mainly an index character, and they are used, for example, as input valugs
for classification (including the elassification for tunnelling purpases). For
this lype of testing, the most important is uniaxial compression strength a:
(contingently with addition of the stress-strain curve). Its values found along
the route of the western tunnel tube are shown in Fig.4. It contains average
values obtained from a series of 5 to 10 paraliel tests (the value of the coef-
ficent of variation for the respective samples was of 20 to 35%). For the
Letna series (both monotonous and flysch development), the strengths of the
quartzite and quartzose sandstone interbeds are added separately. Big dif-
ferences are obvious from the charts existing between individual sections.
The differences, in the sequence from the north to the south, can be charac-
terised by the following intervals of average strength:

« monotonous development of the Letna series: sandy shales exhibiting an
uniaxial compression strength of 20 to 35 MPa in a sound horizon, thus,
according to the CSN 72 1001 and CSN 73 1001 standards classification, it
is a R 3 rock class, i.e. a rock of medium strength (defined by o. within an
interval 15 to 50 MPa). For shallower strata of sifty shales the strength drops
a little bit down to 10 - 20 MPa, and their classification extends even to R4
class, i.e. a rock with low strength (c. within an interval from 5 to 15 MPa).
Also the partly weathered shale found at the section adjacent to the north
portal is covered by this class. Minor sporadic beds of quartzites and sand-
stones up to 10 cm thickness have the average strength within a range of 50
to 150 MPa, which means that this is a rock type covering the whole range of
the class R2, i.e. featuring high strength,

= Liben shales are, in terms of excavation, a very important formation, as
they are found along nearly one half of the route (two sections - the northern
one before and the southern one behind the Revnice quartzites - see Fig. 1).
The clayey-silty shales encountered have the strength of 10 to 15 MPa, and
they are classified as the rock class R4, i.e. with low strength. Locally the
shales feature higher specific weight due to additions of pyrite, e.g. in the
vicinity of the chainages km 4.88 and 4.60, and the strength is slightly hig-
her, 15 to 25 MPa. This strength is already at the lower part of the interval for
class 3 (a rock with medium strength). Similar parameters are also found at
the south, within the section adjacent to the consecutive flysch development
of the Letna series (the transition is gradual - the clay component share is
reduced).

« Revnice quarlzites - the average strength of the prevailing fine-grained
quartzites is of 100 to 150 MPa, which means that this is the high-strength
rock class R2.

= flysch development of the Letna series - prevailing sandy to greywacke
shales with a strength of 25 to 55 MPa are mostly classified as class R3
(medium strength rock). In a small extent, they come to the lower part of R3,
with high strength. Quartzite and sandstone interbeds have an average
strength between 80 and 130 MPa, which ranges them among the rocks of
class R3 with high strength

The above mentioned results refer to the difficulty in the rocks disintegra-
tion, and they are one of the input values rendering the assessment of sui-
tability of particular types of driving equipment possible.

PROPERTIES OF THE ROCK MASSIF ELEMENTS

The rock massif elements are distinguished as volume-related (rock blocks)
and planary ones (discontinuities). For model solutions of the interaction
with an underground structure, this level of distinguishing is of an extraordi-
nary importance - see the analysis for the Mrazovka tunnel contained in the
bibliography [1].

The properties of the elements of the rock mass were investigated by field
testing of the rock mechanics. Strength along discontinuities (primarily bed-

LAVICOVITA VRSTEVNATOST
KREMENCU (450 mm)
TABULAR JOINTING OF
QUARTZITES (450 mm)

VLOZKA JILOVITYCH
BRIDLIC
CLAYEY SHALES
INTERBED

Obr. 2. Revnické kiemence s viozkami jilovitych bfidlic
Fig. 2. Revnice quartzites with clayey shales interbeds
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provedena prizkumna Stola (a to stejnou melodou jako vlastnl tunel - NRTM)
a jeji razeni bylo monitorovano. V ramci tohoto monitoringu byly zde sledo-
vany zejména konvergence vyrubu a poklesy jednoltlivych horizontl nadloZf
(extenzomelrie ve vrtech), povrchu terénu i nadzemni zéstavby. Proto s vy-
uZitim takto namé&fenych udaji a na podkladé komplexni syntézy v8ech geo-
technickych informaci z pfisluSného tseku (v€etné aplikace korelaci k pred-
chozim realizovanym podzemnim stavbam v obdobném prostfed(} mohly byt
stanoveny pro projekl geotechnické pfetvarné a pevnosini charakteristiky
horninového masivu. Tyto byly dale v pribéhu razby jesté upfesnovany,
napfiklad podle monitoringu prvni sekvence déleného vyrubu (levy bocni
tune!) nebo po dokonéeni celého vyrubu pro dimenzovani sekundarniho
osténf.

Piehledy geotechnickych charakteristik obsahujici nahradni kvazihomogenni
pfetvarné a pevnosini parametry pro U¢ely realizaéniho projektu zdpadniho
tunelu Mrazovka byly sestaveny pro 9 vybranych charakteristickych dsekd.
Jejich prezentace prekraduje mozZnosti tohoto &lanku, jako piiklad zde Ize
uvést ve sledu od severu k jihu hodnoty moduld pretvarnosti Eu v hloubkové
Urovni odpovidajicl vrcholu tunelu:

stani¢enf ZTT souvrstvi modul pfetvarnosti Eg [ MPa ]
5,160 monotdnni vyvoj letenského souvrstvi 1156
5,040 monoténni vyvoj letenského souvrstvi 200
4,850 (zastavba ul. Ostrovského)  liberiské bfidlice 70
4,590 {modlitebna) libenské bfidlice 80
4,478 (rozplet) libenské bridlice 160
4,415 flySovy vyvaj letenského souvrstvi 400
4,375 flySovy wyvo| letenského souvrstvi 400
strojovna vzduchotechniky flySovy vyvo| letenského souvrstvi 900
4,270 flySovy vyvol letenského souvrstvi 800

Zajimavé je porovnani téchto hodnot s praméry presiometrickych moduld
pfetvarnosti uvedenymi v predchozi ¢asti ¢lanku. Kvazihomogenni moduly
pfetvarnosti flySového vyvoje letenského souvrstvi jsou fadové vy$si neZ
u liberiskych bridlic pod terénni kotlinou mezi Pavim vrchem a Mrazovkou
{nejhor8i parametry jsou pod zastavbou v ulici Ostrovského). Proto zde
v Usecich s modulem pfetvarnosti mensim nez 100 MPa byly sou&ésti sa-
naénich praci zpevfiovaci injektdZe nadlozi tunelu, jejichz Uspésnost byla
kontrolovana opét presiometrickymi zkouskami (lit. 4].

KLASIFIKACE HORNINQVEHO MASIVU
Z HLEDISKA TUNELOVANI

Kvalita horninového masivu byla od Uvodnich fazi inZzenyrskogeologického
priizkumu posuzovéna podle indexové tunelaiské klasifikace QTS s prevo-
dem na technologické tfidy NRTM. K tomuto byl podle lit. [10] pouzit dia-
gram, ktery respektuje ekvivalentni rozmér vyrubu. Pfi razbé zapadniho tu-
nelu se technologicka tfida volila nejen na zakladé ohodnoceni QTS a jeho
vztahu ke tfidam NRTM, ale i s pfihlédnutim k vysledkiim geotechnického
monitoringu (konvergencnich, extenzometrickych méfeni apod.) pfedcho-
zich sekvenci vyrubu (v&etné prizkumné §toly). RovnéZ byla uvazena okam-
zitd a Casové zavisla stabilita vyrubu a v neposledni fadé i respektovana
antipoklesové varianta pfi razb& mélko pod zastavbou.

Pti razbé zapadniho tunelu se kiasifikace vyrubu NRTM pohybovala ve smé-
ru od severu k jihu v nasledujicich intervalech:

» v monoténnim vyvaji letenského souvrstvi pfevliadala tfida 4, velmi malo se
vyskytovala tfida 3. V poruchovych pasmech a ve zvétralé a navétralé pfi-
portalové oblasti byla volena tfida 5a;

» v libefiskych bfidlicich byla opét charakteristickou tfida 4; tfida ba se
vyskytovala v poruchovych pasmech a ve slozitych geologickych pomérech
pod zéstavbou;,

= v fevnickych kiemencich pfevazovala tiida 3. Tfida 4 byla volena v pfe-
chodovych Usecich, kdy se ve stropu kaloty jiZz nachazely libenské bFidlice;
= ve flySovém vyvoji letenského souvrstvi byla oCekavana pfedevsim tfida 3.
Tento predpokiad se potvrdil v8ak jen zCasti. Usek, ktery nebyl ovéfeny
prizkumnou $tolou, byl na zakladé aktualniho geologicko-geotechnického
sledovani vyrubll zapadniho tunelu klasifikovan jako tfida NRTM 2. Bylo tedy
nutné doplnit projekt o tuto technologickou tfidu a jeji modifikaci — variantu
2a - viz diskuse v lit. [7], Tiida 4 byla v tomto souvrstvi volena pfevazné
v poruchovych pasmech a pfi nestabilité vyrubu.

libenské ln‘;i‘dli‘l‘(- J
Libeil strath shales

Obr. 3. Tektonicky porusené liberske bfidlice pod zastavbou v ul. Ostrovského
Fig. 3. Tectonic fracturing of Liben shale under existing buildings allong
Ostrovskeho street

ding planes and joints), contingently together with the accompanying stiff-
ness characteristics, was determined by field shear tests with a predeter-
mined plane of failure. Deformability and strength of the rock blocks were
verified by field measurement at trial points of attack (at uniaxial and triaxial
compression, using a loading plate) and by pressiometric tests in special
core boreholes. An example of a set of the (riaxial compression test on a
rock block 100 cm high with the arris length of 50 cm, taken in the Mrazovka
exploratory gallery, is captured by the photo in Fig. 5. We developed this
type of a field test thirty years ago, together with the Department of
Geotechnics of the Technical University in Brno headed by Prof. V. Menc/
Currently PUDIS a.s. is the only work place in our republic, which is equi-
pped with an appropriate testing device

The most important result of the big number (several hundred) of pressio-
metric tests, carried out along the alignment of the Mrazovka tunnel for the
investigation and checking of the success of consolidation grouting, is the
deformation modulus Ee, p. For comparison of deformability (or stiffness)
of the rock blocks within the active zone of the overburden (of a height of
about 5 m above the tunnel crown), the values of this modulus along the
route are plotted in Fig. 6. Average values from the series of & to 15 parallel
tests ( the coefficient of variation for the particular samples was of 25
to 80%), situated into drilling fans drilled from the exploratory gallery or
into boreholes drilled from the surface, are shown in this figure. There are
significant differences obvious between the individual sections, which
can be, in the sequence from the north to the south, characterised by the
following rounded intervals of the average pressiometric deformation
modquli:

« monotonous development of the Letna series: with growing height of
the overburden under Mrazovka hill, E«, p grows from 260 to 470 MPa
(even lower stiffness has the partly weathered environment at the north
portal).

« Liben shales are found along nearly one half of the tunnel route length,
while the individual sections differ in the rock overburden thickness substan-
tially, as well as in the degree of disturbance by weathering processes con-
nected with this thickness - see Fig. 1. The lowest deformation moduli are in
the areas where the weathering process affects the active zone of the over-
burden expressively (above all under the rill adjacent to Ostrovskeho street).
In this location, their average values drop down to 80 MPa, and, in the area
of the hollow between Pavi hill and Mrazovka hill, they do not cross a value
of 250 MPa. Much more favourable conditions are at the foot of the both hills,
where the sound overburden exhibits average values of Ees. p within an
interval from 250 to 670 MPa

« Revnice quartzites - the pressiometric testing was not carried out, sub-
stantially higher stiffness can be expected for these quartzites than for the
adjacent Liben shales.

« flysch development of the Letna series is found along a part of the route
under Pavi hill. The overburden thickness in this location reaches over 45 m
(see Fig. 1). Average pressiometric deformation moduli are considerably
high there, reaching 800 - 2,500 MPa, which means that the rock blocks
have a high stiffness (very low compressibility).

The above mentioned results are connected with the overburden subsidence
identified by the geotechnical monitoring in the course of excavation of the
particular sections of the Mrazovka tunnel,

PROPERTIES OF THE ROCK MASS

Because of the size of the excavated profile (the cross-section area of the
three-lane tunnel is 165 m?, in the bifurcation chamber as much as 324 m?),
the volume scale at the influenced representative rock mass is of the order
of thousands m’. For that reason, its strength and deformation properties
can not be determined by any laboratory or field testing. Although, it is pos-
sible, for quasihomogeneous models of the interaction between the rock
mass and an underground structure, to deduce them by a regression analy-
sis, using the data gained by the geotechnical measurement in the course of
construction, Evidently, the parameters derived by the above mentioned way
are late for the design of a relevant part of the structure. However, their
importance is in the fact that they enable a check on the choice of the
appropriate option of the further progressing (i.e. for an adjacent route sec-
tion or for a following step of the construction work, e.g. another sequence of
a divided excavation face or dimensioning of secondary lining)

For the west tunnel tube of the Mrazovka tunnel, it is a great advantage from
the above mentioned aspect that the exploratory gallery was excavated in
advance there (within three quarters of the route, using the same method as
for the tunnel proper, i.e. the NATM) and its driving was monitored. In the
framework of thatl, the excavation convergence, subsidence of individual
horizons of the overburden (extensometry in boreholes), ground surface and
aboveground buildings were monitored in particular. Thanks to this monitor-
ing, geotechnical deformation and strength-related characteristics of the
rock mass could be prepared for the design, using those measured data,
and on the basis of a complex synthesis of all geotechnical information from
a section in question (including application of correlation with previously
realised underground structures in a similar environment)

Surveys of geotechnical characteristics, containing substitute quasihomoge-
neous deformation and strength-related parameters to be used for the
detailed design of the western tube of the Mrazovka tunnel, were prepared
for 9 selected characteristic sections, Their presentation exceeds the scope
of this article. It is possible, as an example, to quote the values of deforma-
tion moduli Esrat the depth level corresponding to the tunnel roof (in the
sequence from the north to the south):
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Obr. 4. Priibéh pramé&rnych pevnosti v jednoosém tlaku horniny v profilu
vyrubu zapadniho tunelu

Fig. 4. The course of average values of uniaxial compressive strength
of the rock within the excavation profile of the western tunnel tube

WTT chainage series deformation modulus Ees [MPa]
5.160 monotonous devel. of the Letna series 115
5.040 monotonous devel. of the Letna series 200
4.850 (Ostrovskeho Str. buildings)Liben shales 70
4.590 (oratory) Liben shales 80
4.478 (bifurcation chamber) Liben shales 160
4.415 flysch devel. of the Letna series 400
4.375 flysch devel. of the Letna series 400
ventilation fan room flysch devel. of the Letna series 900
4.270 flysch devel. of the Letna series 800

Comparison of these values with the average values of pressiometric defor-
mation moduli shown in the preceding part of the article is interesting. The
quasihomogeneous deformation moduli of the flysch development of the
Letna series are greater by an order of magnitude than those of the Liben
shales under the terrain hollow between Pavi hill and Mrazovka hill (the worst
parameters are under the existing buildings along Ostrovskeho street). For
that reason, in the sections where the deformation modulus was lower than
100 MPa, the saving operations contained compensation grouting of the tun-
nel cover, the success of which was verified again by the pressiometric test-

ing [4]

CLASSIFICATION OF THE ROCK MASS FROM
THE TUNNELLING ASPECT

Quality of the rock mass was, since the initial phases of the engineering and
geological investigation, assessed according lo the indexing-based fun-
nelling classification (ITC) with conversion into the NATM lechnological
classes. A diagram contained in the bibliography [10], which respects the
excavation size, was used for that purpose. In the course of the drive of the
western tunnel tube, the technological class was chosen not only on the
basis of the ITC assessment and its relation to the NATM classes, but also

Obr. 6. Rozrazka v priizkumné $tole se sestavou pro terénni zkousky pevnosti v tfiosém tlaku
Fig. 5. Point of attack in the exploratory gallery with the set for field testing of triaxial comressive sirength
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Obr. 6. Prubéh primérnych presiometrickych modulli pfetvarnosti v nadlozi
zapadniho tunelu

Fig. 6. The course of average pressiometric deformation moduli

in the westemn tunnel tube overburden

Rozpéti technologickych tfid NRTM pfi razbé z&padniho tunelu Mrazovka od
tridy 2 do ba vyjadfuje opét velkou variabilitu v kvalité tohoto horninového
masivu. Podrobnéji je problematika klasifikace zpracovana v lit. [6], kde je
zejména posouzen vliv tektoniky.

ZAVER
Geotechnicka naro¢nost tunelu Mrézovka je déna jiz velkymi parametry jeho
vyrubu (plocha tfipruhového tunelu 165 m? v rozpletu az 324 m?) a v sever-
ni ¢asti trasy (dodavatel Metrostav, a. s.) pfevaZzné mélkou hloubkou vedeni
(v oblasti ulice Ostrovského je vy$ka nadloZi pouze 16 m, tj. pfiblizné rovna
sifce vyrubu) kombinovanou s pfitomnosti tfi- aZ pétipodlazni zastavby staré
asi 100 let (vykazujici jiz fadu poruch pfed zahéjenim razby). Toto je v te-
rénni kotliné mezi Pavim vrchem a Mréazovkou jedté dale komplikovano
situovanim v horninach s nizkou pevnosti a vysokym stupném tektonického
poru$eni. Proto zde bezpec¢né razeni NRTM vyzadovalo pfechod na vertikal-
ni élenéni vyrubu a doplhujici soubor sanacnich opatfeni zahrnujicich rea-
lizaci jehlovani az mikropilotovych desinikd (lechnologie Boodex), zpeviio-
vacich injektaZi a v nejnaroénéjsim profilu pod zastavbou ul. Ostrovského
dokonce i kompenzacnich injektazi (tyto injektédze byly subdodavkou Za-
kladanf staveb, a. s.),
V jizni ¢asti trasy (dodavatel Subterra, a. s.) s relativng velkou hloubkou si-
tuovani byla razba naopak komplikovana zejména vy$$i pevnosti horniny,
ktera vyZadovala téméf soustavné rozpojovani trhact pracf.
V zaveéru roku 2000 se razba zdpadniho tunelu jiz blizi svému konci (pfed-
poklad ukoncéeni je v 1. ¢tvrtleti 2001). Probéhla ve srovnani s pfedchozimi
podzemnimi stavbami v Praze (napfiklad Strahovskym tunelem) velmi rychle
(za asi dva a Gtvrt roku) a bez havarii. Zdarny prabéh byl dosazen operativni
spolupraci dodavateld stavby, investora a projektanta. K nému svou &asti
pfispél rovnéZ kvalitni geotechnicky prizkum a monitoring vystavby.
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with respect to the results of the geotechnical monitoring (convergence and
extensometric measurements etc.) of preceding excavation sequences
(including the exploratory gallery). Also the current and time-dependent sta-
bility of the excavation was taken into consideration, and, last but not least,
the anti-subsidence variation of the near-surface excavation under existing
buildings was respected.

The NATM excavation classification at the driving of the western tunnel fluc-
tuated, in the direction from the north to the south, within the following inter-
vals

« In the monotonous development of the Letna series, class 4 prevailed,
class 3 occurred very sporadically. For fault zones and for the weathered
and slightly weathered zone adjacent to the portal, class 5a was chosen

« In Liben shales, class 4 was again characteristic, class 5a occurred in
fault zones and in complex geological conditions under existing buildings

= In Revnice quarizites, class 3 prevailed. Class 4 was chosen for transition
sections, where Liben shales were found at the top heading roof.

« In the flysch development of the Letna series, class 3 was anticipated.
Although, this anticipation was confirmed partially only. A section, which had
not been verified by the exploratory gallery, was, on the basis of geological
and geotechnical monitoring of the western tunnel, classified as the NATM
class 2. Therefore, it was necessary to add this technological class and its
modification, i.e. the variant 2a, into the design (see the discussion in the
bibliography [7]). Class 4 was chosen in this series mostly for fault zones
and when the excavation instability occurred

The scope of the NATM technological classes at the drive of the western
tube of the Mrazovka tunnel, ranging from class 2 to 5a, again expresses the
wide variability in the quality of this rock massif. The issue of the classifica-
tion is enlarged in the bibliography [6], where the tectonics influence is
assessed in particular.

CONCLUSION

Geotechnical difficulties encountered at the Mrazovka tunnel are connected
with the large size of its excavated profile (the cross-section area of the
three-lane tunnel is 165 m?, in the bifurcation chamber as much as 324 m?)
and, along the southern part of the route (Metrostav a.s. as contractor), with
the shallow depth of the route (only 16 m high cover, equal approximately to
the excavation width) combined with the presence of three- to five-storey
buildings of the old urban development (exhibiting a series of defects even
before the start of the drive). This is further complicated in the terrain hollow
between Pavi hill and Mrazovka hill by the tunnel placing into the environ-
ment of rocks with low strength and high degree of tectonic fracturing. Due
to this fact, the safe excavation of this section by the NATM called for a
changeover to a vertical sequencing of the excavation and an additional set
of supporting measures, comprising forepoling up to micropile umbrellas
(Boodex technique), reinforcement grouting, and, within the most complicat-
ed section under the existing buildings along Ostrovskeho street, even com-
pensation grouting (this grouting was supplied by Zakladani staveb a.s.)

On the contrary, at the southern part of the route (Subterra a.s. as contrac-
tor), where the depth was relatively big, the excavation was complicated pri-
marily by the higher strength of the rock, which required nearly continuous
disintegration by blasting

At the end of the year 2000, the drive of the western tunnel tube is nearing
its completion (the expected end is in the first quarter of 2001). It took, com-
pared to the previous underground construction works in Prague (e.g. the
Strahov tunnel), a very short time (about 2 s years), without emergencies
The successful process was achieved thanks to the operative co-operation
of the contractors, the owner and the consulting engineers. Also the quality
geotechnical investigation and construction monitoring contributed its share
to this success.

BIBLIOGRAPHY

[1] BARTAK, J. - PICHA, J.; The analysis of saving grouting and the excavation
sequencing influence on the discontinuous rock massif behaviour at excavation of
the Mrazovka tunnel. The volume of papers of the conference Underground con-
struction 2000, Prague, 2000,

[2] EISENSTEIN, Z. - SALAC, M. - SKRABEK, J. - ZAPLETAL, A.: The Mrazovka
tunnel - prognosis, construction, reality. The volume of papers of the conference
Underground construction 2000, Prague, 2000

[3] HUDEK, J.: Exploratory gallery for the Mrazovka road tunnel in Prague Tunel,
vol.6, issue 3/97, Prague, 1997

[4] HUDEK, J.: Pressuremetric verifying of cement grouting solidification in the
shale during the construction of the Mrazovka tunnel. The volume of papers of the
conference Underground construction 2000, Prague, 2000

[5] HUDEK, J. - VOREL, J.etc.. Package of reports on the detailed and comple-
menting engineering and geological investigation and geotechnical monitoring of
the Mrazovkav[unnel. PUDIS, Prague, 1994 - 2000.

[6] CHMELAR, R. - VOREL, J.. Problems of the assessment of the rock massif at
the NATM excavation of the Mrazovka tunnel. The volume of papers of the confer-
ence Underground construction 2000, Prague, 2000

[7] KANOVSKY, V. - GRAMBLICKA, M.: Tunnels Mrazovka from the south. The vol-
ume of papers of the conference Underground construction 2000, Prague, 2000
[8] KOLECKAR, M. - ZEMANEK, I.. Monitoring of the Mrazovka tunnel. The volume
of papers of the conference Underground construction 2000, Prague, 2000.

[9) NEMECEK, J. - BUTOVIC, A. - EBERMANN, T. - JOHN, V.. Design of the Mra-
zovka tunnel. The volume of papers of the conference Underground conslruction
2000, Prague, 2000

[10] TESAR, O.: Engineering and geological invesligation for the NATM. Directive
of Metrostav, a. s. IKE, Prague, 1992




ré

s 10. ROCNIK, ¢. 1/2001

Tunel

ZAJISTENI SVAHU PARKU SACRE COEUR
PODEL NAJEZDOVE RAMPY ,D*
STRAHOVSKEHO TUNELU

SUPPORT TO THE SLOPE OF THE SACRE COEUR PARK
ALONG THE APPROACHING RAMP ,D“
OF THE STRAHOV TUNNEL

PROF. ING. JIRI BARTAK, DrSc., CVUT FAKULTA STAVEBNI

1. ZAKLADNI UDAJE

Fundamentalnimi ¢astmi severozapadniho sektoru Méstského dopravniho
okruhu v Praze jsou tunely Strahovsky, Mrazovka a Blanka (pod Stromov-
kou). Mezi témito tunely jsou povrchové Useky se stavebné komplikovanymi
kfizovatkami, umoZiujicimi dopravni spojeni s podzemim v rliznych ¢astech
okruhu.

Mezi tunelem Strahovskym a Mrazovkou je realizovan dopravné i stavebné
naroény uzel mostni kfizovatky, kterd vyZadovala podstatné zasahy do sta-
vajici zastavby a terénu.

Vzhledem k neocekdvanym a dlouhotrvajicim komplikacim pfi pfipravé
demolice tzv. Dajbychova domu nebyl realizovan k terminu zprovoznéni
Strahovského tunelu (z&vér r.1997) ani vychodni most pfes ulice Kartouzska
a Plzeriskd, ani njezdova rampa 'D" z Kartouzské ulice do Strahovského
tunelu (foto 1). Tato okolnost velmi zkomplikovala feeni mistni dopravni
situace a zejména protismérny smyckovy vjezd z Kartouzské utice do
Strahovského tunelu se stal na 3 roky nevitanou dopravni kuriozitou.

Na zagatku r. 2001 v3ak byla dokon¢ena a zprovoznéna zminénd néjezdova
rampa z Kartouzské ulice do Strahovského tunelu, ktera zjednodusi (spolu
s dal8imi dokon¢enymi rekonstrukcemi v ulicich Duskova, Plzenska, Radlic-
ka a Kartouzskd) v8eobecné tizivou a mistné velmi komplikovanou dopravni
situaci

Na vychodni most si budeme muset pockat pravdépodobné az do r. 2002
V kazdém pfipadé bude jeho realizace €asové pfedchéazet dokonceni
a zprovoznéni obou trub tunelu Mrazovka (pravdépodobny termin otevieni
v r. 2003 - 2004). Nasledné propojeni Strahovského tunelu, tunelu Mrazovka
a navazujicich hloubenych tunelil v oblasti Smichovského nadrazi a Zlichova
je lakavou vizi a netrpélivé ocekavanou skute¢nosti nejen pro vétsinu obyva-
tel Smichova a acastniky prazské dopravy, ale i pro vSechny, ktefi se na
optimalnim feSenf dopravy a ekologickych probléml v hlavnim mésté kon-
struktivné podileji. Pfi té pfileZitosti je tfeba konstatovat, Ze ohroZeni pvod-
nfho terminu otevieni tunelu Mrazovka nutno pfigist na vrub piisobeni ne-
pocetné skupiny ekologistd, ktefi opakovanymi pritahy legislativniho proce-
su zdrzuji vystavbu Méstského okruhu, navrZzenou a postupné realizovanou
jednoznaéné v souladu s vefejnym zajmem.

Vstupni (najezdova) rampa do vychodni trouby Strahovského tunelu je cca
150 m dlouhd a 7% stoupanim pfekondva vyskovy rozdil cca 11 m mezi

Obr. 1. Pohled na jizni portal Strahovského tunelu s chybgjicim
vychodnim mostem

Fig. 1. A view of the south portal of the Strahov tunnel with the east
bridge missing

1. BASE DATA

The fundamental parts of the north western sector of the City Circle Road in
Prague are the tunnels Strahov, Mrazovka and Blanka (under Stromovka)
Between those tunnels there are at-grade sections with constructionally
complicated intersections making the traffic connection to the underground
in various parts of the circle possible

A grade-separated intersection is being built between the Strahov and
Mrazovka tunnels. It is demanding both in terms of the traffic solution and
construction work, and it required substantial interference with existing
buildings and terrain.

Due to unexpected and long standing complications encountered in the
course of preparation of the demolition of the so called Dajbych house, nei-
ther the east bridge over Kartouzska and Plzenska streets nor the approach-
ing ramp "D" from Kartouzska street to the Strahov tunnel (Photo 1) had been
built by the term of bringing the Strahov tunnel into service. This circum-
stance made the solution of local traffic situation very complicated. In par-
ticular, the contra-flow loop approach from Kartouzska street to the Strahov
tunnel became an unwelcome ftraffic curiosity for 3 years.

Although, at the beginning of 2001 the above mentioned approaching ramp
from Kartouzska street to the Strahov tunnel was completed and put into
operation. It will, together with other completed reconstruction work in
Duskova, Plzenska, Radlicka and Kartouzska streets, simplify the generally
burdensome and locally very complicated traffic situation.

It is likely that the eastern bridge will be completed by 2002, and this will
precede completion and operation of both tubes of the Mrazovka tunnel (the
likely opening date is in 2003 - 2004). The following linking of the Strahov
tunnel, Mrazovka tunnel and connected cut-and-cover tunnels in the region
of the Smichov railway station and Zlichov is an attractive vision and an
eagerly expected reality not only for the major part of Smichov residents and
Prague road traffic participants, but also for everybody who, in a construc-
live manner, takes share of the work on optimal solving the traffic and envi-
ronmental issues in the capital. On this occasion, it is necessary to state that
the threat of delaying the original term of putting the Mrazovka tunnel into
operation must be put to the account of the activity of a small environmental
group, which has obstructed the City Circle Road construction by repeated
stalling of the legal process, despite the fact that it was designed and is
being progressively realised in full conformance with the public interest

The approaching ramp to the east tube of the Strahov tunnel is about 150m
long, and, through its 7% upwards gradient, overcomes the altitude differ-
ence of about 11m between the levels of Kartouzska street and the south
‘conoidal” portal of the Strahov tunnel. A half-cut in the historic Sacre Coeur
garden, which is adjacent to a Prague church of the same name, was neces-
sary to enable solution of the ramp alignment. Revitalisation work is also
progressing in the Sacre Coeur park proper. The park should become
a green oasis of the part of Smichov being made up.

For that reason, the design of the ramp had to ensure minimal interference
with the historic area, and prevent the possibility of the occurrence of slope
movements in the course of excavation and stabilisation works, and, above
all, in the course of the approaching ramp operation. On top of that, the situ-
ation was complicated by the construction of a pit for a storm water overflow,
which, within a limited length section, required deepening of the excavation
for the ramp by additional 8m. For that reason, the stabilisation of the Sacre
Coeur slope and the northern wall of the storm water overflow had to be
designed and executed concurrently.

2. ENGINEERING AND GEOLOGICAL CONDITIONS

The slope being cut off by the approaching ramp and the pit for the storm
water overflow consist predominantly of the rocks forming the bedrock, re-
presented by tabular measures of Ordovician period Revnice quartzite to
quarlzy sandstones. Beds of shales, claystones and clays, which can even
have a soft consistency on contact with water, are found between the
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urovni Kartouzské ulice a jiZznim "konoidickym" portalem Strahovského tune-
lu. Vyvinuti rampy vyZadovalo provedeni terénniho odfezu pamatkové chra-
néné zahrady Sacre Coeur, ktera pfiléha ke stejnojmennému prazskému
kostelu. Revitalizaéni prace probihaji i v samotném parku Sacre Coeur, ktery
by mél tvofit zelenou odzu nové dotvafené ¢asti Smichova.

Navrh rampy musel proto zajistit minimalni z&sahy do chranéného Uzemi
a dokonale vyloucit moznost vzniku svahovych pohybl v pribéhu vykopo-
vych i zajistovacich pracl a zejména pfi provozovani najezdové rampy.
Situace byla navic komplikovana vystavbou jamy destového oddélovace,
kterd v omezeném délkovém Useku prohloubila vykop nutny pro rampu o dal-
dich 8 m. Zajisténi svahu Sacre Coeur a severnf stény destového oddélovace
bylo proto nutno v tomto dseku navrhnout a realizovat sou¢asné.

2. INZENYRSKOGEOLOGICKE POMERY

Svah odfezavany vystupni rampou a jamou destového oddélovace je tvofen
pfevazné horninami skalntho podkladu, zastoupenymi deskovitymi az lavi-
covitymi vrstvami ordovickych fevnickych kiemenc az kiemitych piskovcu.
Mezi vrstvami kiemencl se nachazeji polohy jilovitych bfidlic, jiloved a jild,
které mohou mit pfi styku s vodou az mékkou konzistenci. Pokryvné Utvary
jsou zastoupeny deluvidlnimi sedimenty (hlinitopis¢ité suté pevné az tuhé
konzistence) a nevyraznymi polohami navazek.
Z hlediska posouzeni stability svahu pfi provadéni odfezu a jamy mély
zasadni vyznam Cetnost a orientace diskontinuit vagi stavebnimu dilu a smy-
kové parametry v oblasti pravdépodobné smykové plochy
V daném ptipadé byly nepfiznivym diskontinuitnim systémem plochy vrstev-
natosti fevnického souvrstvi, které maji smér prakticky shodny s odfezem
a podélnou osou jamy a sklon 50° k jihu, coZ pfedstavuje zapadani vistev do
odtéZovaného prostoru. Bfidlicnaté a jilovité polohy v souvrstvi signalizovaly
moznost nestability svahu v disledku vyjizdéni lavic a blokl kfemencl do
vykopu. Zminény vztah sméru a sklonu vrstev horninového masivu k podélné
ose dila byl vyjime&nym pfipadem, ktery znaéné zjednodusil statické feSeni
stability kotveného svahu.
Smykové parametry fevnického souvrstvi byly projektem [1] stanoveny po-
dél ploch vistevnatosti charakteristickymi hodnotami:
o zvétralé fevnické souvrstvi D= 30° cu=20kPa
» nezvétralé fevnické souvrstvi D= 32°, ca = 30 kPa
Pro vypodty stability svahu, navrh a posouzeni kotevniho systému byla po-
uzita, vzhledem k nejistému stupni zvétrani, zprimérovanad hodnota Uhlu
vnitfniho tfeni podél vrstevné plochy a nulova hodnota soudrZnosti (na styku
enormné tvrdych kfemencd a mékkych jilovitych bfidlic a jilovcd se nelze
spolehnout na pfiznivé pasobeni soudrznych sil), &imZ byly uréeny navrhové
smykové parametry:

Deia = 310, Ceo =0
Nebylo mozno opominout stav, kdy dle udaji IGP miZe dojit ke zplasti-
zovani jilovcovych vyplni vrstevnych ploch az na mékkou konzistenci. V ta-
kovém piipadé byly pfi posuzovani stability uvazovany smykové parametry
jemnozrnné zeminy tfidy Cl - jil se stfedni plasticitou jako tzv. podmine¢né
navrhové parametry:

Dera= 20°, Cas=0
Bylo rozhodnuto provadét v pribéhu vystavby pedlivé inZzenyrskogeologické
sledovani skute¢né situace z hlediska sklond vrstevnych ploch kiemenco-
vych lavic a charakteru bfidli¢natych az jilovitych proplastek, na jehoz z&-
kladé bude moZno vyuZzit pro zajisténi svahu navrh adekvatnéjsi skutecnym
geologickym podminkdm. Pocatedni zajistovaci prace byly provadény se
zvét8enym poStem kotev, odpovidajicim podmineénym navrhovym hodnotam
smykovych parametrd vyplni vrstevnych spar.

3. NAVRH ZAJISTENi RAMPY A SEVERNI STENY
JAMY ODDELOVACE

Projektovy navrh zajisténi najezdové rampy meél formu Zelezobetonové zdi
vysky cca 6 m, snizujici se v koncich dseku na vySku 2 m, Tato zed ma
v podstaté obkladni charakter, souvisejici viceméné s konstruktivnim uspo-
fadanim komunikace a povrchového odvodnéni, pfipadné s architektonic-
kym pojetim.

Vlastni nosny systém je tvofen predpjatymi horninovymi kotvami, které stabi-
lizuji svah pfedpétim zvétSenych tfecich sil na nebezpetné smykové plose
(vrstevné plochy zapadajici do vykopu), nebot kotvy jsou navrzeny kolmo
k nebezpetné smykové plose. Odfez svahu je stabilizovan kotvami trvalymi,
zatimco severni sténa jamy oddélovace kotvami do¢asnymi (obr. 2).

Kotevni sily jsou v jednotlivych vy$kovych rovnich odfezu roznadeny po-
moci zelezobetonovych prefabrikovanych desek rozmérd 1 x 1 m, ve sténé
jamy oddélovate pomoci ocelovych podkladnich desek, které budou po-
nechany ve vyplriovém betonu

Tahla kotev byla navrZena Ctyfpramencovd, s kofeny vytvofenymi vysoko-
tlakou injektazi manzetovymi trubkami. Dimenze kotevniho systému byly
specifikovany statickym vypo&tem.

Statické feSeni bylo provedeno pro navrhové i podmineéné navrhové para-
metry smykové pevnosti jilovitych vyplni ploch diskontinuity. Schéma za-
jisténi na obr. 3 ukazuje rozsah kotveni pfi pouziti podmine¢nych para-
metrd.

Ze statického feSeni stability svahu Sacre Coeur, podfiznutého vykopem pro
vystupni rampu Kartouzska ul. — Strahovsky tunel a ¢4ste€né jamou kana-
liza¢niho oddélovace, vyplynulo:

« podfiznuty svah neni bez ptidavnych zajistovacich konstrukef stabilni, a to
ani pfi uvazovani soudrznosti na nebezpeéné smykové plose,

» staticky rozhodujici zaji$tovaci systém, tvofeny predpjatymi pramencovymi
kotvami trvalymi (svah) i doCasnymi (jama), je v redlnych dimenzich prove-

quartzite layers. The covering formations are represented by diluvial sedi-
ments (loamy and sandy scree of a solid to rigid consistency) and inexpres-
sive layers of man-made ground.
Of crucial importance for assessment of the slope stability during execution
of the half-cut and the pit were the frequency of discontinuities and their
orientation in relation to the construction works, and shear parameters in the
region of the presumable slip plane.
In the given case, the unfavourable discontinuity system was represented by
bedding planes in the Revnice series of strata, whose trend is practically
identical with the direction of the half-cut and the longitudinal centre line of
the pit, and which incline at an angle of 50° towards the south. This means
dipping of the strata into the excavated space. Shaly and clayey measures
in the series of strata signalled the possibility of the instability resulting from
the tables and blocks slipping into the excavation. The above mentioned
relation of the trend and inclination of the rock mass strata to the longitudinal
centre line of the works was an exceptional case, which simplified the static
solution of the anchored slope stability.
The shear parameters of the Revnice series of strata were determined by the
design [1] along the bedding planes in terms of characteristic values:
» weathered Revnice strata Der = 30°, cer = 20 kPa
» unweathered Revnice strata @Ja= 32°, ca = 30 kPa
For the slope stability calculation, the design and assessment of the ancho-
rage system, there was used, with respect to the uncertain degree of weat-
hering, an averaged value of the angle of internal friction along a bedding
plane, and a zero value of cohesion (it is impossible to rely on favorable
effect of adhesive forces on the contact of enormously hard quartzites and
soft shales or claystones). By this way following design shear parameters
were determined:

Beta= 31°, Ceo = 0
It was impossible to neglect the condition when, according to the informa-
tion obtained by the engineering and geological survey, the claystone infill
of the bedding planes can become plastic, assuming even a soft consis-
tency. In such a case, the shear parameters of class Cl fine grained soil, i.e.
clay with medium plasticity, were considered as so called conditional design
parameters:

Beta= 20° Ceta = 0
It was decided that thorough engineering and geological monitoring of the
actual situation be carried out regarding inclination of the bedding planes of
quartzite plates and the character of the shale to clay intercalations. Based
on this monitoring, it will be possible to use the slope support proposal more
adequate to the actual geological conditions. Initial work on the slope sup-
porting was executed with an increased number of anchors, corresponding
to the conditional design values of the shear parameters of the bedding
joints infill.

3. DESIGN OF THE RAMP AND THE NORTHERN
WALL OF THE PIT FOR THE STORM
WATER OVERFLOW SUPPORT

The design of the approaching ramp support proposed a reinforced con-
crete wall about 6m high, decreasing at the ends of the section to the height
of 2m. In substance, this wall has a character of cladding relating more or
less to the structural arrangement of the road and surface drainage, and to
the architectural concept.

The bearing system proper consists of pre-tensioned rock anchors, which
stabilise the slope through friction forces at dangerous shear planes (the
bedding planes dipping into the excavation) increased by introduction of
a pre-stress, since the anchors are designed perpendicular to the dange-
rous shear plane. The slope half-cut is stabilised by permanent anchors,
while for the northern wall of the pit for the storm water overflow temporary
anchors are used (Fig.2)

Anchoring forces are, on individual levels of the half-cut, distributed by
means of precast reinforced concrete slabs with dimensions of 1 x 1 m. Steel
face plates, which will be left in non-structural concrete, will be used at the
wall of the pit for the overflow.

Four-strand anchor cables were designed, with roots created by high-pres-
sure sleeve grouting. Dimensions of the anchoring system were specified by
static calculation.

The static design was developed for both the design and the conditional
parameters of the shear strength of clay infills of the discontinuity planes.
The anchoring pattern in Fig.3 shows the extent of anchoring when condi-
tional parameters are used.

It followed from the static solution of stability of the Sacre Coeur slope,
undercut by the excavation for the Kartouzska street - Strahov tunnel
approaching ramp and partly by the pit for the sewerage overflow, that:

+ the undercut slope is not stable without additional supporting structures,
even if cohesion at the dangerous shear plane is taken into consideration,

+ the statically deciding supporting system consisting of pre-tensioned
strand anchors, both permanent (the slope) and temporary (the pit), is feasi-
ble in realistic dimensions for both the design and the conditional design
shear parameters of the Revnice strala,

« utilisation of the support design for some of those types of shear parame-
ters depends on actual geotechnical conditions, primarily on the assess-
ment of the condition of clay infills between the quartzite beds performed in
the course of construction work,

» jt is advisable to start the construction work using the support design
based on the conditional design parameters of the shear strength, since it
can not be excluded that surface water, due to the relatively extensive per-
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ditelny jak pro ndvrhové, tak pro podminecné navrhove smykoveé parametry
fevnického souvrstvi,

« vyuzili navrhu zajidténi pro néktery z téchto typl smykovych parametri
je zavislé na skutecnych geotechnickych podminkach, pfedev§im na po-
souzeni stavu jilovitych vyplnl mezi lavicemi kfemencd v priibéhu vy-
stavby,

KM 0,040 REZ P9 SCHEMA
CROSS SECTION P9 IN KM 0.040
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Obr. 2. Pfiény fez rampou a dedtovym oddélovatem
Fig. 2. Cross section through the ramp “D" and the storm water overflow
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Obr. 3. Zajisténi rampy a severni stény oddélovace
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meability of the scree cover, may get to the clay infills between the quartzite
beds,

« if, in the course of geological monitoring, lacalities with the infill belween
the beds of a solid consistency are found in a larger extent, it is possible to
change over o the support design based on the design parameters of the
shear strength;
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Fig. 3. The support of the ramp “D” and northem wall of the storm water overflow
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Obr. 4. Zakotvena |. etaz a odkop |l. etaze
Fig. 4. Level | anchoring completed, excavation for level Il in progress

#

Obr. 5. Zakotvend I. a Il. etdz, odkop pro Ill. etaz

Fig. 5. Levels | and Il anchoring completed, excavation for level ill in progress

« doporutuje se zahajit vystavbu s ndvrhem zajidténi, vychazejicim z pod-
mineénych navrhovych parametrd smykové pevnosti, nebof nelze vylougit,
ze se k jlloveovym vyplnim mezi lavicemi kiemenct miZe dostavat po-
vichova voda diky pomérné znaéné propustnosti sufového pokryvu,

» budou-li pii geologickém sledovani ve vétsim rozsahu patrné polohy pevné
konzistence mezilavicovych vyplni, je mozno prejit k navrhu zajisténi, vyply-
vajicimu z navrhovych parametrd smykové pevnosti;

* pfi jests kvalitngjsi vyplini mezi lavicemi kiemencd je mozno, v pfipadé pro-
kézané soudrznosti na smykové plode v hodnoté min. 20 kPa, pouzit pro
kotveni v jamé oddélovage docasné tyCove kotvy z oceli CPS 32,

» ochranu rozvolnénych povrchovych partii odfezu je tfeba provést pomoci
vyztuZzeného stifkaného betonu. U jizni stény jamy oddélovade (vrstvy zapa-
daji do hory) Ize realizovat provizorni zaji§téni pouze vyztuzenym stitkanym
betonem a svornikovou vystrojf,

o if the infill between the quartzite beds is of better quality, it is possible, in
the case of proven cohesive value at the shear plane amounting to 20 kPa as
a minimum, to use temporary anchors with bars made of CPS 32 grade steel
for anchoring at the pit for the overflow,

* the protection of loosened surface parts of the half-cut must be carried out
by means of reinforced shotcrete. For the southern wall of the pit for the
overflow (the layers dip into the rock mass), it is possible to perform a tem-
porary support using reinforced shotcrete and rockbolts,

» when the slope and the wall of the pit has been anchored, the outfall
structure is built. The space between the overflow lining and the supported
pit wall must be backfilled with concrete up to the top of this structure.
The backfilled wedge will become a base for the pad foundation of the
cladding wall.
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Obr. 6. Zakotvend |. aZ Ill. etd? a vyztuz obkladni zdi
Fig. 6. Levels I to Ill anchoring completed, the cladding wall reinforcing in progress

» po zakotveni svahu i stény jamy bude postavena konstrukce oddélovace.
Na vy$ku této konstrukce je nutno dobetonovat prostor mezi osténim oddélo-
vate a zaji$ténou sténou jamy. Vybetonovany klin bude podkladem pro z&-
kladovou patku obkladni zdi.

4. VLASTNI REALIZACE ZAJISTENI

Skute¢né zajisténi odfezu svahu Sacre Coeur bylo provedeno pfedpjatymi
trvalymi kotvami dle navrhu vyuZivajiciho podmine¢né smykové parametry
vzhledem k v&t8imu ovlivnéni povrchovych partii masivu zvétrvacimi pro-
cesy (obr. 4, 5, 6). Pro severni sténu jamy destového oddélovace bylo na-
opak vyuZito zajidténi odpovidajici navrhovym smykovym parametriim, ne-
bot” diskontinuitni vypli méla charakter jilovcové horniny.

Obkladni zed, kterou byly pfekryty Zelezobetonové rozndseci desky pramen-
covych kotev, ma na lici zabudované ochranné plastové kalichy upinacich
hlav reinjektabilnich kotev {obr. 7, 8).

Pii betonazi obkladni zdi bylo pouZito tzv. samozhutnitelného betonu SCC
(Self-Compacting Concrete), coZ neni ve stavafské praxi zatim tak docela
bézna zalezitost.

Vysoce tekuté betony se v betonafské praxi pouzivaji jiz desitky let. Zpo-
¢atku se tyto betony vyrabély bez jakychkoliv pfisad a tekutost se upravo-
vala pouze vy§$imi davkami vody. Vysoky vodni souginitel (w > 0,7) byl v8ak
¢astou pfi¢inou $patné kvality a nizké trvanlivosti betonu. S postupem &asu
a s vyvojem stavebni chemie se pfi vyrobé tekutého betonu zacaly pouzivat
plastifikacni pifsady, které umoziiovaly zachovat tekutost smési i pfi sni-
Zenych davkach zamésové vody ( az w < 0,4). Tim kvalita tekutych beton0
stoupala, pfesto v8ak vysoce tekuté smési mély sklon k segregaci kameniva,
rozméSovani a odlu¢ovani vody.

Tuto negativni vlastnost se dafi odstrafiovat pouZitim specialnich superplas-
tifikaénich piisad na béazi polykarboxilatd, zvySujicich kohezi a viskozitu
betonové smési - ziskdvad se beton s vysokou pohyblivosti a schopnosti
te¢eni i bez pusobeni vnéjsich dynamickych sil. Hrubé kamenino je udrzo-
vano stale ve vznosu a viditelné plave i na povrchu betonu, bez znamek
odlugovani vody. K ukladani a zhuthovanf téchto betonl nenf potfebnd vib-
raéni energie, postatuje pouze hmotnost vlastni smési.

Samozhutnitelny beton je vhodny zejména pro konstrukce sloZitych tvarQ
s hustou vyztuzi. V daném pfipadé vhodnost pouziti SCC vyplynula z geo-
metrického tvaru obkladnf zdi, nevyhodného pro klasickou betonaz. Zed se
sklonénym licem, ¢lenénym ve tfech Urovnich plastovymi kalichy, by vy-
Zadovala pfi b&Zném betonu intenzivni vibrovani k vypInéni znaéné ¢lenitého
tvaru bednéni. Samozhutnitelny beton dokonale vyplnil bez dodate¢ného
hutnéni bednéni v plochéch i v zaobleni, vrstvy jsou homogenni bez povr-
chovych defektl a dodate&nych oprav (obr. 9, 10). Vidy je tfeba mit na
zieteli, Ze bednéni je pfi pouziti SCC zatizeno v8esmérnym tlakem, odpovi-
dajicim celkové vysce uloZené betonove smési.

4. THE SUPPORT EXECUTION PROPER

Actual support of the half-cut of the Sacre Coeur slope was performed by
means of pre-tensioned permanent anchors according to the design based
on the conditional shear parameters, in view of the greater extent of weath-
ering processes affecting the surface parts of the massif (Photos 4,5,6). On
the contrary, a support corresponding to the design shear parameters was
used for the northern wall of the pit for the storm water outfall, since the dis-
continuities infill had the character of claystone rock.

The cladding wall, which covered the reinforced concrete distribution slabs
installed on the strand anchors, has plastic moulds at its face, protecting the
bulkheads of regroutable anchors (Photos 7,8).

Self-Compacting Concrete (SCC) was used for the cladding wall, which has
not been used widely in civil engineering to date.

Highly fluid concrete mixes have been used in the concrete placing praxis
for tens of years. At the beginning those concrete mixes were produced
without any additives, and the flowing property was adjusted by higher
batches of water only. But the high cement-water ratio (w > 0.7) often resul-
ted in both low quality and durability of concrete. In the course of time, with
civil engineering further developing, plasticising additives were introduced,
which made it possible to maintain the mix flowing property even with
reduced batches of mix water (up to w < 0.4). As a result, quality of fluid
concrete rose, although the highly fluid mixes were prone to aggregates and
water segregation.

This negative property is successfully eliminated by the use of specialist
super-plasticising additives based on polycarboxilates, which enhance
cohesion and viscosity of the concrete mix. Concrete with those additives
features high fluency even without the effect of external dynamic forces.
Coarse aggregate is kept buoyani, and it visibly floats even on the surface of
concrete, without any sign of water segregation. No vibration energy is ne-
cessary for placing and compaction because the self-mass of the mix is suit-
ably adequate.

The use of self-compacting concrete is advisable primarily for structures of
complicated shape, with dense reinforcement. In the event, the suitability of
SCC resulted from the geometric shape of the cladding, wall, which was
inconvenient for conventional concrete placing. If conventional concrete had
been used, the wall with its inclined face broken by three levels of plastic
moulds would have required intensive vibration to fill the complicated shape
of the formwork. The self-compacting concrete perfectly filled, without addi-
tional compaction, the formwork in its plane and rounded parts, its layers are
homogeneous, without surface defects, requiring no additional repairs
(Photos 9,10). It is always necessary to have in view the fact that, when the
SCC is used, formwork is loaded by omnidirectional pressure corresponding
to the overall height of the concrete mix placed.

il
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Obr. 7. Plastové kalichy trvalych reinjektabilnich kotev
Fig. 7. Plastic moulds on permanent regroutable anchors

5. ZAVER

Autor ¢lanku se podilel na projektovém navrhu a statickém feSeni stability
svahu Sacre Coeur ji7 pfi pfedchozi rekonstrukci Kartouzské ulice pfed vice
nez 20 lety. Tehdy je$té bylo mozno pfi roz8ifovani vozovky z¢asti odtézeny
rozvétraly kfemencovy masiv upravit svahovanim pfi prokdzaném stupni sta-
bility 1,3.

Sou&asna rekonstrukce Kartouzské ulice, a zejména realizace najezdové
sivu, pfi némz se eventuelni Gprava svahovanim stala naprosto nevhodnou.
PouZitl metody postupného zajistovani odtéZovaného svahu predpjatymi
pramencovymi kotvami, doplnéné obkladni zdi ze samozhutniteiného beto-
nu, umoznilo vytvofit systém, ktery zajisti trvalou stabilitu odfezu (prokaza-
ny stupen stability 1,5), ktery byl nové vytvofen v rozpukaném kiemenco-
vém masivu Sacre Coeur podél najezdové rampy do Strahovského tunelu
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Obr. 8. Betonaz obkladnf zdi ze samozhutnitel-
ného betonu

of the cladding wall support

Obr. 9. Rampa ,D" se zajisténim svahu
Sacre Coeur
Fig. 8. Pouring of the self-compacting concrete Fig. 9. Ramp ,D" with the Sacre Cour slope

5. CONCLUSION

The author of this article participated in the design proposal and the static solu-
tion of the Sacre Coeur slope earlier, over 20 years ago, in the framework of the
reconstruction to Kartouzska street. Then, when the road was widened, it was
still possible to treat the partially excavated weal-hered quartzite massive by
sloping at the proved stability factor value of 1.3.

The current reconstruction to Kartouzska street, and the realisation of the
approaching ramp 'D" in particular, represented a substantially more de-
manding interference with the quartzite massif, making the creation of a
slope totally unsuitable. The use of the method of gradual supporting of the
slope by pre-tensioned strand anchors together with the cladding wall of
self-compacting concrete enabled creation of a system which will ensure
permanent stability of the half-cut (proved stability factor value of 1.5) which
would be newly created in the broken Sacre Coeur quartzite massif along
the approaching ramp to the Strahov tunnel.
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TELEMATIKA V RESENI

DOPRAVNICH PROBLEMU PRAHY
RiZENi TUNELU JAKO SOUCAST TELEMATICKEHO SYSTEMU VE MESTE

TELEMATICS IN SOLUTIONS OF PRAGUE

TRAFFIC PROBLEMS
TUNNELS MANAGEMENT AS PART OF THE TELEMATIC SYSTEM IN THE CITY

ING. TOMAS GOLLER, METROSTAV, a. s.

uvoD
Dopravni situace v Praze je velmi komplikovana a obyvatelé jsou denné kon-
frontovani s dopravnimi kongescemi. Je to dano nejenom tim, Ze je Praha po
slaleti historicky formované mésto, ale i lim, Ze sougasny stlgaeﬂ motorizace
(1 vozidlo: 1,9 obyvatele) je vy&3l ne? napiiklad v Koliné nad Rynem (1:2,1)
nebo ve Vidri (1:2,2). Tento nartst intenzily dopravy fedl hl. m. Praha vy-
slavbou méslského a expresniho ckruhu. Krome toho se pro udrZeni piijatel-
né mobility planuje pouzitl lelematickych systému. Ty majl podstatnou vyho-
du v tom, Ze je lze aplikoval v nepomémneé kratsl dobé a pfi mensich na-
kladech, nez jakou by byla vystavba dalSich komunikaci.
Na mésiském i expresnim okruhu e planovano nékolik tunelovych staveb.
Tyto tunelové stavby neize nikdy pojimal jako izolovana dila, ale je nutné je
zaclenil do mésiského syslému |ako jeden z telematickych subsystému.
Jenom 1ak je mozné optimalizovat dopravu v tunelech a vyuzit piné jejich
planovanych parametrd.
V ¢lanku je uveden struéné popis telematického systému, ktery |e projek-
tovan a zadina jeho realizace v oblasti Prahy 5 a 6, ledy pravé v oblastech,
kde je v provozu Strahovsky tunel i pldnovany tunel Mrazovka. Prolo jsou
v &lanku naznadeny vazby tunelového systému a meéstskeho telematického
systému.

POJEM TELEMATIKY

Telematika je novy technicky obor, ktery integruje prostfedky informatiky
a telekomunikaci do oblasti dopravniho inZenyrstvi. Telematicky systém ve
mésté je tvofen nasledujicimi subsystémy:
» Vy83i formou fizeni dopravnich siti zahrnujiei:

— adaptivni fizeni prostfednictvim SSZ svételnych signaliza&nich

zafizeni kfizovatek,

- automatickou identifikaci nehod a kongesci,

- videodetekei v komplikovanych dopravnich uzlech (i v tunelech),

- plnou integraci MHD (méstskou hromadnou dopravu) se zajisténim

jejl preference,

— zvlastni fidici programy pro uddlosti zachranné a specialni povahy,

- vazbu na informacni systémy;
» videodohledem realizovanym CCTV kamerami a vhodnym pfenosovym
prostfedim;
« informadénimi a navigagnimi systémy, které ovliviuji dopravni toky i parko-
vani pomocl informaci nejen o flzené oblasti, ale i na pfistupech k ni;
» fidicim systémem pro MHD véetné informacniho systému pro cestujici;
« systémy fizeni dopravnich | technologickych procesu v tunelech s vazbou
na informadni a navigacni systémy mésta (tlémto systémim bude vénovan
samostatny Clanek v néklerém z budoucich éisel ¢asopisu);
« parkovacimi systémy s vazbou na informaéni a navigacni systémy;
« jednotnou databazi dat, umozriujic Sifeni dopravnich informaci napfiklad
pomoci internetu, GSM-SMS nebo rozhlasového vysilant;
» integrovanym telekomunikaénim prostfedim, které je vétsinou zalozené na
digitalnich pfenosech vytvafejicich multimedialni dalnice.
Z vy$e uvedeného vy&tu je ziejmé, Ze se jednd o integraci fady subsystémi
v jeden dislribuovany celek, jehoZ komponenty jsou propojeny inteligentnim
komunikaénim prostiedim. Podstatou telematického systému je to, ze ize
vyuzit v jakémkoli definovaném misté a v jakémkoli definovaném ¢ase véech
potfebnych informaci nutnych pro spravny provoz dané aplikace. Systém si
sam tyto informace vyhledava a sam zarucuje jejich pfenos do mista, kde
probiha uvaZovana aplikace.
V pfipadé tuneli tedy pracuje lokdIni systém, ktery sbird, vyhodnocuje a vy-
uZiva data pro vlastni fizeni tunelu, ale vybrana data jsou k dispozici i mést-
skemu systému fizenl dopravy, a protoZe pfedavajl jednotnou formou in-
formace, jsou vyuZila pro systémy fizenl dopravy ve mésté a naopak infor-
;nac:;_ méstského managementu jsou jednim ze vstupl do fidicino procesu
uneiu,
Hlavni pfinosy aplikace telematiky pfi fizeni dopravy ve mésté jsou:
» ZvySovani Ucinnosti a efektivnosti dopravniho Fizeni znamenajici zvy$eni
plynulosti dopravy, které vede k uspofe pohonnych hmot, zkracovani ces-

INTRODUCTION

The traffic situation in Prague is very complicated and the inhabitants are
daily facing congestion. It's not only given by the fact that Prague is a city,
historically formed during centuries, but also by the fact that the level of
motorization (1 car per 1,9 inhabitants) is higher than for instance in Koln
upon Rhine (1 car per 2,1) or in Vienna (1 car per 2,2). This increase of traf-
fic intensity is the capital of Prague solving by construction of city and
express ring road. Besides, the use of telematic systems is being planned to
sustain acceptable mobility. These have a large advantage in the fact that
they can be applied in incomparably shorter time and with lower expenses
than the construction of other communications.

Several tunnel projects are being planned on the city as well as express ring
road. These tunnel projects can never be considered as isolated works, but
have to be integrated into the city system as one of the telematic sub-
systems. Only this way it is possible to optimize the traffic in tunnels and
fully use their designed parameters.

The description of the telematic system, which is being designed and whose
realization begins in Prague 5 and 6 - thus exaclly in areas where Strahovsky
tunnel and planned Mrdzovka tunnel are, is briefly presented in the article.
Connections of the tunnel system to the city telematic system are therefore
illustrated in the article

THE CONCEPT OF TELEMATICS

Telematics is a new technical domain, which integrates the means of com-
puter technology with telecommunications into the area of traffic engineer-
ing. The telematic system within the city is made up of the following sub-
systems:
s Higher form of traffic networks' management, including:

- Adaptive control through TLS traffic lights at crossroads,

- Automatic identification of incidents and congestion,

- Video-detection on complicated main traffic routes (also in tunnels),

- Complete CPT (city public transportation) integration with provision for

its preference,
- Special control programs for events of emergency and special
character,

- Connection to information systems;
« Video-supervision realized by CCTV cameras and appropriate communica-
tion environment;
« Information and navigation systems, which influence the traffic flows and
parking using information not only about the controlled zone, but also about
the accesses to it;
« Management system for the CPT including the information system for pas-
sengers;
« Systems of the traffic and technical processes management in the tunnels
connected to information and navigation city plans (a separate article will be
dedicated to these systems in some of the future magazine issues);
« Parking systems connected to the information and navigation systems;
« Uniform database, allowing the transmission of traffic information for
instance via internet, GSM-SMS or radio broadcasting;
« Integrated telecommunication environment, which is mostly based on digi-
tal transmission, creating multimedia highways.
From the aforementioned quantity it is obvious, that it deals with integration
of a number of subsystems into one distributed complex, whose components
are connected by intelligent communication environment. The principle of
the telematic system lies in the fact that it is possible to use all needful infor-
mation, essential for proper operation of the given application, at any
defined spot and at any defined time. The system searches for the informa-
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tovnich dob, snizovani nehodovosti, a tim i k snizovani ceny dopravy a zlep-
$eni zivotniho prostfedi ve mésté;

« zvy3ovani atraktivnosti MHD diky jeji preferenci a vyuZivani informacnich
systémd;

« udrZeni pfijatelné mobility obyvatel mést dalsimi prostiedky: intermodalni
doprava, e-obchod apod.

» vytvofeni informacni spoiecnosn v jednotnem telekomunikaénim prostfedi.
Je nezbytné pfipomenout, Ze telematika neni véelékem, je omezena fyzickym
usporadanim dopravnich cest a pfi vyCerpani jejich moznosti mus nastoupit
zasadni Uprava téchto cest.

TELEMATICKY DOPRAVNI SYSTEM V OBLASTI
PRAHY 5 A CASTI PRAHY 6

Zprovoznénim Strahovského tunelu, jake dodasné mistni komunikace mezi
Bievnovem a Smichovem, byly do centra Smichova piivedeny podslatne
dopravnl toky, které hledaiji pokracovani 1élo dopravni cesty. Tim byla wyti-
zena centralni oblast Smichova zcela pfepinéna dopravou. Siluace je la-
kovéd, Ze je zcela b&Zné dennl zastavovani dopravy smérem od severniho
portalu Strahovského tunelu, nebol dopravni sif Smichova nestaéi pojmout
tato vozidla, kterd potom vytvafeji kolonu zasahujicl az do prostoru tunelu,
Policie ma nafizeni zastavovat provoz v tunelu, pokud dosahuje kolona v tu-
nelu délky asi 50 m proto, aby nebyla ohrozena bezpetnost cestujici vefej-
nosti. Toto uzavirani tunelu se v dopravnich $pickach opakuje nékolikrat za
sebou.

Pfestoze tunel Mrazovka do znagné miry pomiZe zlepsit stav dopravy, bylo
rozhodnuto Fesit tiZzivou dopravni situaci jiz nyni, a to dvéma zasadnimi zpQ-
soby: zménou organizace dopravy na Smichové a realizaci nového Fidiciho
systému pro celou oblast.

V' ramci jizniho predpoli Strahovského tunelu byla proto zafazena stavba,
ktera fesi dopravni situaci v 8ir8i oblasti, zahrnujici i ¢ast Dejvic a Bfevnova.
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tion itself as well as ensures its transmission to the area where the consi-
dered application runs.

Thus in case of tunnels, there is a working local system, which collects, eva-
luates and uses the data for management of the tunnel proper, but selected
data is also at hand to the city system of traffic control. Because the data
contain information in a uniform shape, the information is used for systems of
traffic control in the city and on the other hand the information of the city
control is one of the entries into the tunnel control process.

Main contributions of the telematics' application into the traffic control in the
city are:

« Increase of efficiency and effectiveness of the traffic control, representing
increase of the traffic fluency, which leads to saving of fuel, lowering of the
travel times, reduction of incidents and thus also to reduction of the trans-
port costs and improvement of environment in the cily;

s Increase of the CPT attractiveness due to its preference and use of infor-
mation systems;

» Sustainability of tolerable city population mobility by other means: inter-
modal transportation, e-business etc.;

» Creation of information society within the uniform telecommunication envi-
ronment.

It is necessary to remind that telematics is not a universal cure; it is limited
by physical layout of traffic routes and after exhaustion of their possibilities,
standard adjustments of these routes have to follow

THE TELEMATIC TRAFFIC SYSTEM IN THE AREA
OF PRAGUE 5 AND PART OF PRAGUE 6

By putting the Strahovsky tunnel, as temporary local communication be-
tween Brfevnov and Smichov, into operation, significant traffic flows, which
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Obr. 1. Schéma realizovaného systému s vyznagenim oblasti adaptivniho fizeni, SSZ fizenych v pfipadé nehod a kongesci a informacnimi tabulemi
Fig. 1. Scheme of the realized system with denotation of the area of adaptive control, TLS controlled in case of incidents or congestion by information panels
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Obr. 2. Intenzity a rychlosti dopravniho proudu zaznamenavané

v dopravni Ustfedn&

Fig. 2. Intensity and speed of the traffic flow, recorded in the traffic control
center

Ptitom bylo nutno zohlednit sou¢asnou pfestavbu centra Smichova na misté
vestibulu metra Andél a vymist&nych provozt CKD Tatra, kde jsou stavéna
velka obchodni centra, kaZdé s velkymi parkingy.

Prechodem ze soutasného obousmérného fedeni dopravnich vztahi na jed-
nosmérmy okruh, t2v. maly smichovsky okruh, klery je v celé délce minimalné
dvoupruhovy, dojde nejenom k mirnému zvélseni propustnosti, ale i k pod-
statnému zlepSeni regulovateinosti a koordinace sité. Na tomto okruhu od
Jiraskova mostu severnl komunikaci Dientzenhoferovych sadu, ulici V Bota-
nice, pies Stefanikowu tfidu do Kartouzské na Plzefiskou Ifidu a zpét z Vreh-
lického a Duskovy ulice Mozartovou na Plzefskou a dale Radlickou do
Ostrovského a pfes kiizovatku Na KniZecl Vitavskou na Hofej8l nabfeZ( a na-
besni rampou na kfizovatku u Jirdskova moslu bude dopravu Fidit 15 S5Z
{svatelnych signalizatnich zaflzeni). Tato SSZ |sou fizena novou, tzv. adap-
tivni metodou MOTION. Tento systém byl vyvinut v ramei 4. ramcoveho pro-
gramu Evropské unie a v Praze bude nasazen na tfeti mista v Evropé. Pod-
statny rozdil od dosud pouZivaného dopravné zavisiého fizeni je dopravnl sif
kazdych 15 minut adaptovana na nové dopravni podminky

S @
E
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seek continuance of this traffic route, have been brought into the center of
Smichov. By this, the fully used central area of Smichov has been entirely
glutted with traffic. The situation looks so that the daily obstructions of traffic
in direction from the northern portal of the Strahovsky tunnel are very com-
mon, because the traffic network of Smichov cannol suslain these cars,
which create congestion extending even to the tunnel area. The police has
an order to stop the tunnel’s operalion when the jam within the tunnel reach-
es app. 50 m, so that the securily of travelling public is not threatened. In
traffic high peaks, these closures of the tunnel repeal several fimes.
Although the Mrézovka tunnel will to a significant extent help to improve the
(raffic state, it has been decided lo solve the onerous lraffic situation
already now, and thus by two major ways: alteration of transportation orga-
nization within Smichov and by realization of new management system for
the entire area.

Within the frame of southern front-field of the Slrahovsky funnel, a construe-
tion, which solves the traffic situation in broader area, also including a part of
Dejvice and Bievnov, was located. Meanwhile, it was necessary to lake intg
consideration the current reconstruction of the Smichov center's vestibule of
the Andél subway station and displaced operations of the CKD Tatra, where
major business cenlers, each with large parking places, are being built.

By conversion from the current bi-dicectional sofution of the traffic relations
to single-directional ring road, so-called Minor Ring Road of Smichov, which
is in its entire length at least double-lane, not only slight increase of perme-
abifity, but also significant improvemen! of the network’s regulation and
coordination will occur. On this ring road, from Jirdskdv bridge by the north-
ern communication of Diezenhofer Parks, V Bolanice streel, across Ste-
fanikova into Kartouzska and Plzefiskd and back to Vrchlického, and from
Duskové through Mozartova to Plzeriskd and further lo Radlicka into
Ostrovského and through the Na Kni2ecf crossroad to Vitavskéd and Hoiejsf
embankment and the embankment ramp lo the crossroads by the Jirdskiv
bridge, the traffic will be controlled by 15 TLS (Traffic Lights Systems)
These TLSs are controlled by the new so-called adaptive MOTION method.
This system was developed within the frame of the fourth general program of
the European Union and in Prague it will be put into operation as third place
in Europe. The significant difference from the up-to-now used traffic-
dependent management is that the traffic network is every 15 minutes adap-
ted on new traffic conditions.

Al of the 48 TLS areas will be controlled from the RTMC (Regional Traffic
Management Center), located beneath the southern portal of Strahovsky tun-
nel. It is connected by an optical cable with the MTMC (Major Traffic
Management Center) in the Na Bojisti street. Thus, the Iraffic system of the
area is controlled and monitored from MTMC, where the center for traffic
management of the Strahovsky and TéSnovsky - in the future Mrézovka as
well- tunnel is also located. Within this level, integration with guidance sys-
tem to the parking spot, traffic information system and all other telematic
subsystems occur.

%

R
"

N

Obr. 3. Hlavni dopravni Fidici ustfedna s monitory CCTV dohledu
Fig. 3. Major Traffic Management Center with monitors
of the CCTV supervision
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Vegkera SSZ oblasti, kterych je 48, budou fizena z ODRU (oblastni dopravni
fidici Ustfedna) umisténé pod jiznim portalem Strahovského tunelu. Ta je op-
tickym kabelem piipojena na HDRU (hlavni dopravn( fidici ustiednu) v ulici
Na Bojisti. Z HDRU se tedy Fidi a monitoruje dopravni systém oblasti a zé-
roven je zde Ustfedna pro dopravni fizeni Strahovského a T&3novského
tunelu a v budoucnosti i tunelu Mrazovka. Na této drovni dochazi i k inte-
graci s navadécim systémem na parkovidté, dopravhim informacnim systé-
mem a véemi dalSimi telematickymi subsystémy.

Zfizeni malého smichovského okruhu si vyzada i provedeni stavebnich Gprav
~ dokoné&enl upravy Radlické ulice, dpravy kfiZovatek Ostrovského - Strou-
peznického, Vitavska - Hofej$i ndbfezi a MatouSova - Stefapikova, rozsifeni
nabfeZni rampy na Jiraskdv most a Upravy pro umist&ni ODRU.

V oblasti jsou pouZily nasledujici telematické subsystémy:

» Adaptivni fizenl a fizenl v pfipad& nehod a kongescl

Krizovatky v centralni oblasti budou fizeny v zahraniéi osvédéenou dopravni
astfednou MIGRA Central prostfedky adaptivniho fizeni modulovym pro-
gramovym produktem MOTION, ktery umoZnuje optimalizaci fizeni dopravy
v definované dopravni siti v centralné fizené oblasti v redlnim éase pomocl
vyhodnoceni dopravnich paramelr v kazdém uziu sité, Modul fidi 20 svétel-
nych signaliza¢nich zafizeni ve tfech Grovnich:

- slrategicka Oroven. KaZdych 10 aZ 15 minut je, v zavislosti na obrazu
dopravy v siti, upravovana doba cyklu, rozdéleni zelenych, zakladni
sled fazi a parametry koordinace. Obraz dopravy je ziskavan nad
stralegickymi detektory, kleré méfi intenzitu a rychlost. Toto
fizeni adaptuje fizené parametry;

- taktickd droved. Asi po 60 - 90 s je ovliviiovan lokalni sled fazf,
napf. pro preferenci MHD;

- operac¢ni trovefi. Reaguje na jednotliva vozidla podobné jako
dynamické fizenf.

Dal§ich 28 kfizovatek, které jsou mimo MSO, je fizeno standardni metodou
dopravné zavislého fizeni. Na obr. 1 je zakladni schéma realizovaného sys-
tému.

Softwarovy produkt MOTION obsahuje navic modul pro fizeni v pfipadé
kongesci a nehod CIM (Congestion Incident Management), ktery automa-
ticky reaguje na dopravni excesy na komunikacich nebo v tunelu prostfed-
nictvim definovanych fidicich strategii. Strategie CIM bude uZita pro situace:

- nehoda v libovolném misté dopravni sité,

- tunel ¢astecné blokovan, napiiklad servisnimi pracemi nebo nehodou,

- kongesce v tunelu nebo na malém smichovském okruhu,

- saturace vybranych kfizovatek v siti.

Pro spinéni velmi naroénych pozadavk( na adaptivni fizeni je pouZit zcela
novy typ 32-bitového dopravniho fadice SITRAFFIC C800 ELS. Tento fadi¢
se vyznacuje, kromé rozsahlych diagnostickych funkci, i pfijemnym uZivatel-
sky orientovanym programovym prostfedim. MiZe ovladat az 48 signdlnich
skupin a pracovat s 84 detektory. Samozfejmosti je i bezdratova koordinace
prostfednictvim vysilate DCF 77 u Frankfurtu i bezdréatova preference MHD.
« Strategické detektory

Pro vytvofeni telematického systému je nutné znat v kazdém okamziku stav
dopravy v dopravni siti, obr. 2. K tomu jsou vyuZivany standardni kfiZovat-
kové detektory, detektory v tunelech a specialni "strategické" detektory si-
tuované v rozhodujicich uzlech sité.

» Videodetekce: Je planovana v oblastech s vyskytem kongesci nebo do-
pravnich nehod, coZ jsou napifklad rampy u tunell. Na téchto rampéach je
navic obtizné umisfovat standardni smy&kové detektory.

« Informaéni systémy: Jsou podstatnou soucasti systému, nebot poskytuj
aktudlni informace pro fidi¢e: dopravni situace, nehody, kongesce apod.
Informaéni systém je realizovan prostfednictvim informacnich tabuli situo-
vanych vedle nebo nad komunikacf.

« Ridicfl systémy tunell: Jsou pIné integrovany do méstského managementu,
« Videodohled CCTV: Monitoruje uréena kritickd mista dopravni sité pomocf
ovladatelnych kamer a pevnych kamer u kfizgvatek a portal( tunell. Véech-
ny obrazové signaly jsou pfenaseny na HDRU, obr. 3, odkud Ize kamery
podle potfeb dispecera ovladat.

« Preference MHD: Standardné se pouzivé tramvajova detekce pomocf trole-
jovych kontaktd. Kromé toho se pro detekci autobusi bude pouzivat moderni
bezdréatové pfihlasovani, obr. 4.

» Parkovaci subsystémy: Jsou &lenény do dvou zakladnich lechnologif.
Parkovani typu Park and Ride (zachytnd parkovisté), kde jsou &lyfi zachyind
parkovisié v okoll oblasti. Vzhledem k tomu, Ze vznikne 3 500 mist v centrél-
ni oblasti Smichova, je déle pouZita technologie dynamického navadéni na
tato parkovisté, kdy jsou fidi¢im nabizeny moznosti k rychlému zaparkovani,
obr. 5.

« Informaéni databdze stavu a predikce dopravy: s moZnoslti pfenosu uZi-
vatelim prostiednictvim internetu nebo kréatkych textovych zprav GSM-SMS.
+ Jednotné telekomunikaéni prostiedi: Pro takto koncipovany a sloZity sys-
tém je optimalizovéno bezdratové Sifeni informaci po kabelove siti. Pfed-
poklada se vyuZiti multimediélnich pfenosd, které soutasné pfenaeji data,
hlasové informace a video signal.

INTEGRACE TUNELOVEHO A MESTSKEHO
RIDICIHO SYSTEMU

Zaglenéni fidiciho systému tunell do celomésiského dopravniho manage-
mentu je podrobné probrano v lit. [3]. V soucasné dobé je piné pfipraveno
pro Strahovsky tunel a bude podobné rozsifovano pro dal$f tunely za€lefio-
vané do méstského systému. PFi tvorbé architektury systému se vychazelo
ze dvou zakladnich pohledd: zajisténi maximalni bezpecnosti pro ucastniky
silniéniho provozu a z poZadavkd na integraci tunelu jako telematického
subsystému. Zakladni vysvétleni je v nasledujicim textu:

Bezpeé&nostni hledisko: Znamena, Ze jakakoli fatalni udalost v tunelu typu
pozaru, automaticky zaregistrovana bezpegnostnim systémem tunelu, vyvola
nejrychlej§i moZnou reakci v systému fizeni mésta, tedy v systému lokalizo-

Establishment of the minor ring road of Smichov will require elaboration of
construction adjustments - completion of the Radlickd street's adjustment,
adjustments of the crossroads Ostrovského-StroupeZnického, Vitavské-
Hofejsi embankment and Matousova-Stefdnikova, also broadening of the
embankment ramp to the Jirdskiv bridge and adjustments for placement of
the RTMC.

The following telematic subsystems are used in the area:

« Adaptive control and control in case of incidents and congestion
Crossroads in the ceniral area will be managed by abroad certified traffic
control center MIGRA Central, by tools of the adaptive control by module
program product MOTION, which enables optimization of the traffic control
in defined traffic network in centrally managed area in real time, using eva-
luations of traffic parameters in each of the network’s arteries. The module
controls 20 traffic lights systems in three levels:

- Strategic level. Every 10 to 15 minutes, dependent on the traffic view
within the network, are the cycle length, division of Go-signals, basic
sequence of phases and coordination parameters are adjusted. View
of the traffic is acquired by strategic detectors, which measure intensi
ty and speed.

The controlled parameters are adapted by this way of management.

- Tactical level. The local sequence of phases, for instance for CPT
preference, is influenced for app. 60 to 90 sec.;

- Operating level. Reacts to individual cars similarly as a dynamic
control.

Other 28 crossroads, which are outside the MSO, are controlled by standard
method of traffic-dependent control. The basic scheme of the realized sys-
tem is shown at Fig. 1.

The software product MOTION moreover includes a module for control in
case of congestion and incidents CIM (Congestion Incident Management),
which automatically reacts to traffic excesses on roads or in tunnels by
defined management strategy. The CIM strategy will be used for the follow-
ing situations:

- Incident at random spot of the traffic network

- Partially blocked tunnel, for instance due to maintenance works or
an incident

— Congestion in tunnel or on the minor ring road of Smichov

— Saturation of the selected crossroads in the network

To fulfil very demanding requirements on the adaptive control, a brand new
32-bit traffic controller SITTRAFFIC C800 ELS is used. This controller distin-
guishes, beside the vast diagnostic functions, with comfortable user-
focused software environment. It can control up to 48 signaling groups and
work with 84 detectors. Wireless coordination using the DCF 77 transmitter
near Frankfurt as well as wireless CPT preference is commonplace.

» Strategic detectors

For development of the telematic system, it is necessary to know the status
of traffic within the traffic network at any moment, Fig. 2. Therefore, standard
crossroad detectors, tunnel detectors and special "strategic" detectors, si-
tuated in decisive arteries of the network, are being used.

» Video-detection: is planned in areas of congestion or incidents' presence,
as for instance tunnel ramps. Within these ramps, it is moreover difficult to
place standard inductive loop detectors.

« Information systems: are fundamental part of the system, because they
submit up-to-date information for the drivers: traffic situations, incidents,
congestion etc. The information system is realized using information panels,
focated next to or above the communications.

» Tunnel control systems: are fully integrated within the city management.
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vaném mimo tunel. Konkréiné to znamena, ze vystupy tunelového systému
identifikujici rizika jsou pfmo paralelné a nejkrati moznou cestou propojeny
na dopravnf fadice, kterym “vnull” rizikovy rezim bez ohledu na nadfazenou
dopravni Ustfednu. Zarover jsou vyvolany dalSi automatizované akce, jako
napfiklad automatizované generovani napis na informagnich tabulich typu
"STRAHOVSKY TUNEL POZAR’, nebof d:specer je na pocéatku udalosti ex-
tremné zaméstnany a je nutné predpokladat Ze pracuje pod vlivem stresu,
Koncepéni hledisko: Znamend, ze dopravm systém tunelu, ktery je tvoren
v z&sadé dopravnimi senzory, promennyml dopravmml znackami a_CCTV
kamerami, je vélenén na nejvyssi hierarchické drovni (zde Uroved HDRU) do
systému fizeni mésta. Informace z tunelu jsou vyuzivany pro fizeni dopravy
na pistupovych trasadch do tunelu. Prioritou je zabezpeceni co nejvy8si
plynulosti, a tim i bezpeénosti dopravy v tunelech, tfeba i na Ukor pozemnich
komunikaci.

ZAVER
V hi. m. Praze je vytvafen velmi moderni koncept dopravniho fizeni mésta,
ktery ma do systému plné zaclenény i funelové stavby. Autorem koncepce
telematického systému fizeni Prahy 5 a ¢asti Prahy 6 je doc. ing. Pavel
Pfibyl, CSc. ze spole¢nosti Eltodo, a. s. Na koncepci se dale podilelo Eltodo
dopravni systémy; A Siemens company, Fakulta dopravni CVUT a spo-
le¢nost SATRA, s. r. 0. Navrh jednosmeérné organizace dopravy zpracovala
spole¢nost PUDIS a. s.
Na Uplny z&vér bych chtél zdiraznit, ze telematické hnuti bylo v Ceské
republice v lofiském roce sjednoceno zalozenim Sdruzeni pro dopravni
telematiku se sidlem v Hospodafské komofe hl. m. Prahy, ndm. Franze Kaf-
ky 7. Dnes jsou Cleny sdruzeni méstské fady, dopravni podniky, stavebni
spole¢nosti, telekomunikaéni operatofi, univerzity, ale i napfiklad Skoda
Auto. Sdruzeni ma dohody o spoluprdci se Silni¢ni spole¢nosti a Asociaci
dopravnich inZenyr(. V kvétnu letodniho roku bude pofddana v Praze jiz
druhd mezinarodni konference vénovand telematice.
Za vystavbu telematického systému v Praze 5 a Praze 6 zodpovida, z pové-
feni méstského investora, VIS, a. s. Hlavnim dodavatelem je Metrostav, a. s.
a dodavatelem telematickych systémd je Eltodo dopravni systémy; A
Siemens company. VSechny uvedené organizace jsou ¢leny SdruZeni pro
dopravni telematiku Ceské republiky.
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Qbr. 5. Informaéni tabule dynamického navadéciho systému na parkovisté
Fig. 5. Information panel of dynamic guidance to the car parks

» CCTV Video-supervision: monilors selected critical spots of the traffic net-
work, using controllable cameras and fixed cameras at crossroads and tun-
nel porra/s All of the video signals are transmitted to the MTMC, Fig. 3, from
where it is possible to control the cameras accord/ng to the supervisor's
need

» CPT Preference: Tram detection using trolley contacts is commonly used.
Besides, modern wireless checks will be used for bus detection, Fig. 4.

« Parking subsystems: are divided into two basic technologies. Parking of
the "Park and Ride" type (intercepting car parks), where there are four inter-
cepting car parks spots in vicinity of the area. With regards to the fact, that
3500 places will be formed in the central area of Smichov. A technique of
dynamic guidance to these car parks is used, when options of fast parking
are offered to the drivers , see Fig. 5.

» Information database of the status and prediction of the lraffic: with the
possibility of transmission to the users via internet or short message service
GSM-SMS

s Uniform telecommunications environment: For in such a manner designed
and complex system, a wireless transmission through cable network is opti-
mized. It is expected to use multimedia transmissions, which simultaneously
transmit data, acoustic information as well as video signal.

INTEGRATION OF THE TUNNEL AND CITY
MANAGEMENT SYSTEM

Integration of the tunnel management system into the cily traffic control is
thoroughly described in lit. [3]. Currently, it is fully prepared for the
Strahovsky tunnel and will be similarly spread to other tunnels, integrated
within the city system. Architecture of this system was developed on the
basis of two principal aspects: the necessity to ensure maximum safety of
traffic participants and requirements of the tunnel integration as a telematic
subsystem. The basic explanation lies in the following text:

Safety aspect: Means, that any fatal fire-related event in the tunnel, automa-
tically registered by the tunnel safety system, will evoke the fastest possible
reaction in the city management system, thus in the system located outside
of the tunnel. It basically means that outputs of the tunnel system, identifying
the risks, are directly parallely and with shortest possible distance connec-
ted to the traffic controllers. The controllers enforce the emergency regime,
regardless to the superior traffic center. In the meantime, other automatic
actions, such as automatic generation of the signs on the information panel,
for example "STRAHOVSKY TUNNEL - FIRE", are evoked, because at the
beginning of the event the supervisor is extremely busy and it is essential to
expect, that he works under influence of stress.

Conception aspect: Means, that the tunnel traffic system, which is in fact
made up of traffic sensors, variable traffic signs and CCTV cameras, fs on
the highest hierarchic level (here the MTMC) integrated into the city ma-
nagement system. Information from the tunnel is used for tunnel control on
access routes into the tunnel. The priority is to ensure the highest possible
fluency, and thus the traffic safety within the tunnel, perhaps even to the
prejudice of roads.

CONCLUSION

A very modern concept of city traffic control, which has even some tunnel
structures fully integrated into the system, is being developed in the capital
of Prague. Doc. Ing. Pavel Pribyl, CSc. from the Eltodo company is the
author of the concept of telematic management system for Prague district 5
and part of district 6. Furthermore took part on the concept: Eltodo traffic
systems; A SIEMENS company; Traffic Engineering Faculty at CVUT (Czech
Technical Universily) and the SATRA, s.r.o. The concept of the one-way fraf-
fic organization was elaborated by PUDIS, a.s.

As for very conclusion | would like to emphasize that the telematic movement
in the Czech Republic was last year unified by foundation of Association for
traffic telematics with residence in the Chamber of Commerce of the capital
of Prague, F. Kafka's square 7. By today, municipal bureaus, transportation
companies, engineering companies, lelecommunication operators, universi-
ties, but also for instance SKODA Auto, are members of the association. The
association has agreements of cooperation with the Road Association and
the Association of Traffic Engineers. Already second international confer-
ence on telematics will be held in Prague in May this year. VIS, a.s. is, by the
commission of municipal investor, responsible for construction of the tele-
matic system in Prague districts 5 and 6. Metrostav, a.s. is the main contrac-
tor. The contractor for the telematic systems is Eltodo traffic systems; A
Siemens company. All of the mentioned organizations are members of the
Association for Traffic Telematics in the Czech Republic.
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ELEKTRONICKE PLATBY MYTNEHO -
APLIKACE PRO TUNELY

ELECTRONIC TOLL COLLECTION -
APPLICATION FOR TUNNELS

DOC. ING. PAVEL PRIBYL, CSc., ELTODO, a. s.

uvoD

Ve vétsiné vyspélych zemi se zavadi nebo se uvazuje o zavedeni elektro-
nickych plateb za pfepravni vykony. Jedna se o demokraticky a spravedlivy
princip, fikajici, Ze se plati v zavislosti na kategorii vozidla a jeho ekologic-
kych parametrech vyhradné za ujetou vzdalenost. Tim se nahrazujf plosné
platby ve formé rlznych dani nebo silni¢nich znamek cilenymi platbami,
které mohou byt navic pomérné snadno dislokovany zpét, napfiklad do udrz-
by silnic. Evropska unie vydala nékolik smérnic, jak tento proces v praxi
realizovat, a také naSe vidda se prihlasila k platbé za prepravni vykony.

V ¢lanku jsou popsany legislativni a technické otazky umozfiujici zpoplatnéni
vozidel a je poukdzano na problémy soucasné legislativy pfi placeni v tu-
nelech. Zndma kauza platby za prijezd mostu pfes Berounku v Dobficho-
vicich se fesi az u Ustavniho soudu. Pfesto je v Evropé zcela b&Zné, ze se
za prljezd tunely plati. Na pfikladu Rakouska a nové otevieného tunelu
a mostu Oresund je ukdzana praktickd realizace systému

TECHNICKA REALIZACE ELEKTRONICKYCH PLATEB

Platby Ize nejjednodussim zplsobem realizovat vytvofenim mytnych mist,
kde tidi¢i plati v hotovosti nebo kreditnimi kartami. Tento systém mé nékolik
podstatnych nevyhod: Pfed misty vybéru se v dopravnich $pickach tvofi
kolony vozidel, které zatéZuji zivotni prostfedi. S manudinim vybirdnim jsou
spojeny vysoké provozni naklady za vicesmeénny provoz a v neposledni fadé
jsou z nékterych zemf avizovany pfipady "okradani® systému vybéréimi na
mytnych mistech

V soucasné dobé vétsina zemi, kde maji byt zavedeny poplatky za vyuzivani
komunikaci, pfedpoklada vyuzit prostiedky telematiky, spocivajici v aplika-
ci elektronickych plateb, tzv. Electronic Fee Collection (EFC). Pro realizaci
elektronickych plateb existuje nékolik technologii, kieré se zasadné lisi
Vybér technologie pro danou zemi je dan nejenom technickymi hledisky, ale
vyznamnou mérou se na ném podileji i ekonomicka hlediska. Kromé toho je
snaha respektovat evropsky standardiza&ni proces, kde je v rdmci technické
komise TC278 Road Transport and Transport Telematics pfijata fada norem,
které pomohou zajistit mezinarodni interoperabilitu systémd EFC.

Ve svété jsou realizovany tii zakladnf technologie EFC systému:

+ DSRC (Dedicated Short Range Communication): Technologie pfenosu je
nazyvana podle tzv. komunikagniho spojenf na kratkou vzdalenost (DSRC),
které zprostiedkuje prenos mezi jednotkou na komunikaci RSU (Road Side
Unit) a jednotkou OBU (On Board Unit) ve vozidle

+ GSM/GPS (Global System for Mobile Communication / Global Positioning
System): Pro urovani pozice a ujeté vzdalenosti se vyuziva systém satelitni
navigace GPS, pro pfenos do centra se miZe, ale i nemusf, vyuzivat GSM
technologie .

 LSVA (zkratka pro Svycarsky systém): Technologie zaloZena na velmi inte-
ligentni OBU, kierd odecita vzdalenost podle elektronického tachografu
a miZe vyuZival korekce vzdalenosti podle GPS.

Pro elektronické platby za vyuZitl tunelu Ize pouZit pouze technologii DSRC.
Divod je jednoduchy: Systém zaloZeny na salelitni pavigaci GPS nebo
piipravovaném evropském satelitnim systému GALILEO nemize z principu
pracoval v zakrylych Gastech komunikaci, nebol vyZaduje viditelnost ale-
spofi Elyf druzic z antény namontované na stfeSe vozidla. Tzv. Svycarsky
systém by sice mohl v tunelech pracovat, protoZe je zaloZen na digitélnim
tachogralu, ale jednotka OBU instalovana ve vozidle je vak extrémné draha
a bez montaze stoji 1 000 CHF

Technologie pienosu informaci a detekce vozidla musi pracoval bezpedné,
i kdyz rychlost voz( piekroéi maximaini rychlostni limil. Princip realizace
mylného mista je zobrazen na obr, 1, kde se jedna o dudlni systém pro
manualni platbu (levé jizdni pruhy) a EFC v pravém jizdnim pruhu. Je palrné,
2e pfi manuélni platbé vozidla vytvarejl kolony, zatimco pfi elektronicke plat-
bé projizdéji vozidla bez omezeni rychlosti

Princip ¢innosti

Princip ¢innosti vybérového automatu EFC je obvykle zaloZen na existenci tff
fyzickych bran-portald, viz obr.1 a pravy jizdni pruh. Na prvni brané je ¢idlo
(laserové scanovaci, infraderveng) detekujici prijezd vozidla. Zde se také
provadi klasifikace vozidel na jednostopd, osobni, nakladni, nakladni s pfi-
vésem atd. Druh& brana zprostfedkuje provedeni finanéni transakce pro-

INTRODUCTION

Most developed countries are introducing or considering the introduction of
electronic payments for hauling performance. It is a democratic and fair
principle of payments made purely for the mileage, depending on the vehi-
cle category and its environmental paramelers. By this way, general pay-
ments in the form of various taxes or vehicle excise duty coupons ('motor-
way coupons") are replaced by structured payments, which, in addition, can
be in a relatively easy way dislocated back, e.g. into roads maintenance
The European Union has issued several directives how this process is to be
implemented. Our government has also agreed to adopt the system of pay-
ments for the hauling performance.

The article contains a discussion about legislative and lechnical issues
enabling collection of charges for vehicles, It points out the issues of the
current legislation regarding payments at tunnels. The well-known case of
payments for passing across the bridge over the Berounka River in
Dobrichovice is being solved by the Constitutional Court. Despite that, it is
quite common in Europe that passing through tunnels is paid for. Austria and
the newly opened tunnel and bridge Oresund are used as an example show-
ing a practical implementation of the system.

TECHNOLOGICAL PART OF THE ELECTRONIC TOLL
COLLECTION SYSTEM IMPLEMENTATION

The simplest way in which the payments can be collected is to create toll
collection facilities where drivers pay in cash or use credit cards. This sys-
tem suffers from several considerable disadvantages. Sirings of vehicles
occur before the toll collection facilities during peak periods, thus imposing
a burden on the environment. Manual collection is associated with high
operational costs incurred due to the multiple-shift operation and, on top of
that, with cases of embezzlement in the system committed by collectors
Currently, most countries where the road tolls are to be introduced expect
that the means of telematics will be used, consisting in the application of
electronic payments, i.e. the Electronic Fee Collection (EFC). Several tech-
nologies exist for the application of the EFC system. They differ fundamen-
tally. The selection of the technology for a particular country depends not
only on technological aspects, but also on economic aspects, which partici-
pate significantly. Apart from that, there is a tendency to respect the
European process of standardisation, where a series of standards have
been adopted in the framework of the TC278 technical commission for "Road
Transport and Transport Telematics'. These standards will help to ensure an
international inter-operability of the EFC systems

Three basic technologies of the EFC systems have been implemented in the
world:

« DSRC (Dedicated Short Range Communication): The transmission technol-
ogy has its name according to the short range communication, which medi-
ates the communication between a unit located at the road side (RSU, Road
Side Unit) and an OBU (On Board Unit) located inside a vehicle

» GSM/GPS (Global System for Mobile Communication / Global Positioning
System): GPS, a system of satellite navigation, is used for determination of
the position and the travel distance. The GSM technology can, but does not
have to be used for the transmission to the centre

» LSVA (abbreviation for the Swiss system). This technology is based on
a very intelligent OBU, which reads the distance according to a tachograph
It can utilise the distance corrections according to the data obtained from
the GPS.

For the electronic collection of tolls for the use of tunnels, only the DSRC
technology can be applied. The reason is simple: a system based on the
GPS satellite navigation or on the European system GALILEO, being under
preparation, can not work in covered parts of roads since it requires a visi-
bility between at least four satellites and an aerial installed on a vehicle roof.
The so-called Swiss system could work in tunnels since it is based on a di-
gital tachograph. Although, the OBU unit installed inside a vehicle is
extremely expensive, Its cost is 1,000 CHF, without installation.

Technology of information transmission and vehicle detection must work
safely even if the velocity of vehicles crosses the maximum speed limit. The
principle of the toll collection facility is shown in Fig. 1. It is a dual system
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stfednictvim komunikacni jednotky RSU s OBU: Vozidlo vjede do tohoto pro-
storu a je-li vybaveno jednotkou OBU, realizuje se komunikace mezi touto
jednotkou a komunikaéni jednotkou RSU. Z&roven musi velmi rychle probéh-
nout kontrola zaplaceni, a to jesté pfed piijezdem vozidla ke tfeti brang, kdy
musi byt jiZ elektronicka transakce vyfizena.

Neni-li vozidlo vybavené systémem OBU, nebo je-li napiiklad OBU vadna,
nedojde ke komunikaci. Druha brana pfesto signalizuje prljezd vozidla.
Nema-li vSak informaci, Ze platba byla provedena Uspésné, je dan signal
treti brané, ktera sejme digitalnim fotoaparatem pfedni statni poznavaci
znacCku. Zaroven druhd brana sejme zadni statni poznavaci znatku. Udaje
pfedni a zadni statni poznévaci znacky jsou porovnany a je z nich stanoven
nejlepsi odhad identifikace vozidla. Majiteli vozidla pak podle identifikované
statni poznavaci znacky pfijde Ucet za pouZitou dopravni infrastrukturu.

Nutna vybava ve vozidle

Jednotku OBU si musi kazdy fidi¢ koupit a nairistalovat do automobilu, aby
mohl platit elekironickou cestou. V pfipadé, Ze to tak neucini, je povinen pla-
tit manudlng, coz ho bude zdrzovat. OBU je mala skfifika, ktera se jedno-
duse upevni za pfedni sklo v auté. Elektronickd karta se vkiada dovnitf pfi-
stroje. Tim, Ze se jedna o velmi jednoduchd elekironickd zafizeni, je
i velmi nizka cena, kterd se pro nase prostfedi podle kvalifikovanych odhad
pohybuje pod 1 000 K&. Kdyz fidi¢ projizdi kolem mista vybéru, plati za pri-
jezd elektronicky, tedy bez zastaveni. Na obr. 2 jsou r(zné OBU jednotky:
0Od nejjednodussi, ktera da pouze zvukovym "pipnutim" znameni, Ze dolo
transakce, kolik zbyva na konté a pfipadné dal3i udaje.

V8echny evropské systémy pro elektronické platby za vyuZivani mostd nebo
tuneld pracuji principialné podle vy$e uvedeného popisu.

LEGISLATIVNI PREDPISY EU A CESKE REPUBLIKY

Evropska unie se zabyva legislativou zpoplatiiovani komunikaci systema-
ticky fadu let. K tomu byla publikovana fada dokumentd, z nichz nékteré bu-
dou kratce komentovany. Bliz§i popis Ize najit v lit. [1].

Pfehled a popis vybranych dokumentl Evropské unie:

» Bild kniha z 22. ¢ervence 1998 o zpoplatnéni za pouzivani dopravni infra-
struktury: Hlavnim zamérem je definovani fazi pfechodu ke zpoplatiiovacim
systémim dopravnf infrastruktury v Evropské unii. Bila kniha zde Fesi prob-
Iémy, které mohou nastat v souvislosti se zavedenim platebnich systémd za
uzivani dopravnf infrastruktury. Obecné jsou zde uvedeny problémy feseni
veskeré dopravnf infrastruktury. Vzhledem k tomu, Ze v soucasné dobé exis-
tuje v Elenskych statech mnoho riznych platebnich systémd, je hlavnim Uko-
lem harmonizace veskerych platebnich systémi v EU. Dal$i ¢ast se zabyva
stanovenim poplatkd za uZivani dopravni infrastruktury. Je zde uvedena
podminka zpoplatnéni v8ech druhl silni¢nich vozidel s tim, Ze je dllezita
kategorizace silni¢nich vozidel. DialeZitym hlediskem je také manitorovani
vozidel ekologickych, tzn. vozidel, ktera se chovaji Setrnéji k Zivotnimu
prostiedi. Hodnota poplatku bude stanovena vzhledem ke kategorii vozidla
a bude zahrnovat dopady na Zivotni prostfedi vetné daldich externalit.
Hodnotu poplatku je nutné stanovit pro véechny ¢lenské staty s ohledem na
to, ze v soucasné dobé se rlizni hodnoty poplatkl (roénf poplatek pro nak-
ladni automobily je az do vy$e 3000 ECU/rok).

» Smérnice 93/89/EEC z 25. 10. 1993 o zdarfovani urditych vozidel uréenych
pro dopravu zbozi: Jednd se zde o vybirani myta a uzivatelskych poplatkd
za urgité dopravni cesty &lenskymi staty unie. Tato smérnice je pravnim za-
kladem pro dalni¢ni znamky, zavazuje v8echny staty k respektovani systémd
EFC a interoperability systémd EFC. Tato smérnice byla 5. 7. 1995 zru8ena
se zachovanim efektd smérnice do doby, nez bude nahrazena novou smér-
nici 1999/62/EC.

+ Smérnice 1999/62/EC ze dne 17. gervna 1999 o vybéru poplatkl za uzivani
uréitych pozemnich komunikaci tézkymi nakladnimi vozidly: Plati pro dané

b, |

Obr. 1. Zakladni princip realizace dudlniho systému EFC
Fig.1. Basic system of the realization of the dual EFC

enabling manual payment (left-hand traffic lanes) and the EFC on the right-
hand traffic lane. It is obvious that at the manual payment vehicles create
strings, while at the electronic collection the vehicles pass without any
restriction to their speed.

Operation principle :

The principle of the EFC automatic collection is usually based on the exis-
tence of three physical gantries/gates, see Fig. 1 - the right-hand traffic lane.
There is a sensor installed on the first gantry (laser-based scanning, infrared),
detecting the passage of a vehicle. At this place also classification of vehi-
cles to single-track vehicles, passenger cars, trucks, trucks with trailers etc.
is carried out, The second gantry mediates execution of the financial transac-
tion through an RSU unit, communicating with the OBU: A vehicle enters this
area and, if it is equipped with the OBU unit, a communication between this
unit and the RSU communication unit is realised. Concurrently, a check on the
payment must be performed quickly, before the vehicle arrives to the third
gate, where the electronic transaction must already be over.

If the vehicle is not equipped with the OBU system, or if, for example, the
OBU is defective, the communication does not start. Despite thal, the se-
cond gantry signals a vehicle passage. Although, if it has no information that
the payment has been made successfully, a signal is sent to the third gate
This gate takes a picture of the front registration number plate by a digital
camera. In the same time, the second gantry takes a picture of the rear regi-
stration number plate. The numbers on the front and rear plates are com-
pared, and the best guess on the vehicle identification number is chosen on
the basis of this comparison. Then the vehicle owner identified according to
the registration number receives a bill for the traffic infrastructure use.

Equipment in the vehicle necessary

Each driver must buy and install the OBU unit into the vehicle to be able to
pay in the electronic way. If he or she does not do it, he or she is obliged to
pay manually, which will cause delays. The OBU is a small box, which is sim-
ply fixed behind the windscreen inside the vehicle. An electronic card is
inserted into the apparatus. Thanks to the fact that these electronic appli-
ances are very simple, also the price is very low, according to qualified esti-
mations lower than CZK 1,000 in our conditions, When a driver is passing
through a collection facility, he or she pays for the passage electronically,
i.e. without stopping. Various OBU units are shown in Fig. 2: starting from
the simplest one, which gives an acoustic "beep" signal that the transaction
has been made, up to more complex units, which show on a display how
much was paid, how much money remains on the account, and other data.
The principle of all European systems of electronic payment of toll for the
use of bridges or tunnels is based on the above mentioned systems.

LEGAL REGULATIONS VALID IN THE EUROPEAN
UNION AND IN THE CZECH REPUBLIC

The European Union has been engaged in the legisiation of road tolls syste-
matically for many years. A number of documents concerning this issue have
been published. Some of them will be commented briefly now. A closer
description can be found in the bibliography [1].

The survey and description of selected documents of the European Union:

» White Book issued on 22 July 1998 on toll collection for the use of the
transport infrastructure:

The malin intention is to define the phases of the transition to the toll collec-
tion systems used at the transport infrastructure within the European Union.
The White Book solves the issues which may occur in the connection with the
introduction of the systems of payment for the use of the transport infra-
structure. Generally, the issues of solving the overall transport infrastructure
are contained in the book. Since there are many various payment systems
existing currently in the member states, the main objective is the harmonisa-
tion of all payment systems throughout the EU. Another part deals with the

Obr. 2. Ukazka jednotky ve vozidle (OBU)
Fig. 2. Demonstration of the OBU
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Seznam usekit dalnic a rychlostnich silnic podléhajicich zpoplatnéni

o Siledes | Wiy iledovand
P Frchlantsd havmidac
9 D

Obr. 3. Vyznacené Gseky dalnic a rychlostnich komunikaci podléhajici zpoplatnéni
Fig. 3. Marked out sections of motorways and expressways liable to the payment

z vozidel, mytné a uzivatelské poplatky. Vztahuje se na tézkéa silni¢ni naklad-
ni vozidla s celkovou hmotnosti pfesahujici 12 tun.

+ Smérnice 95/46/EC z 24. fijna 1995 o ochrané osobnich dat jednotlivci
a volném pohybu dat: Natizuje ¢lenskym statim chranit prava a svobodu
jednotlived a jejich pravo na soukromi pii zpracovani osobnich dat. Nesmi
omezit volny tok dat. Pfi zpracovani dat musi byt postupovano v souladu se
zékony a musi byt zaru€ena jejich ochrana pred ztratou nebo zneuZitim cizi
osobou,

Legislativa CR pouzitelnd pro EFC

Nutno Fici, e diky tomu, Ze v dokumentu Dopravni politika CR nenf fedena
otazka systéml elektronického vybiranf poplatkd, neexistuje proto ani v legi-
slativé CR. N&sledujici seznam zakon( a vyhlasek monitoruje veskeré do-
stupné dokumenty tykajici se n&jakym zplisobem vybirani poplatkd za uzi-
vani silniéni komunikace motorovymi vozidly v CR

» Zakon €. 13/1997 Sb., o pozemnich komunikacich: Stanovuje zpoplatnénf
uZiti vybrané sité délnic a rychlostnich silnic silni¢nimi motorovymi vozidly.
V roce 1999 &inil vynos z poplatku asi 1,97 mld. K&. Od roku 2000 byly kro-
mé celoro¢niho poplatku zavedeny také poplatky mési¢ni a desetidenn.

» Z&kon ¢, 146/1999 Sb., nafizeni vlady ze dne 16. 6. 1999, kterym se upra-
vuje vySe poplatku za uzivani dainic a rychlostnich silnic silniénimi motoro-
vymi vozidly. Toto nafizeni vliddy zpoplatriuje uZivani dalnic a rychlostnich
silnic ¢asové omezenymi poplatky (10 dnd, mésic, rok), kde velikost po-
platku zavisi na kategorii vozidla (do 3,5 t, do 12 t, nad 12 t).

» Zakon €. 102/2000 Sb., kterym se méni zakon €. 13/1997 Sb., o pozemnich
komunikacich: Tento zdkon ze dne 4. dubna 2000 méni zakon &. 13/1997
Sb., o pozemnich komunikacich. Zmény, které se tykaji zpoplatnéni komu-
nika&ni sfté v Ceské republice, se tykaji vy$e poplatkl a jejich provadéni.
Dale je konstatovano, ze placeni poplatku nepodléha uziti dainice a rych-
lostni silnice v pfipad8, Ze se jednd o vozidla vybavena vystraznym svétlem
(policie, hasi¢i, apod.) nebo je vozidlo uZito k dopravé tézce zdravotné
postizenych ob&and,

» Novela silniéniho zdkona ¢. 102/2000 Sb.: Upravuje z&konnou formou
poplatky za uZivani dalnic a rychlostnich silnic. Stanovuje také limitni vy3i
roénich poplatkl pro jednotlivé hmotnostni kategorie. Tato novela zadkona
zavadi od roku 2001 jednodenni poplatek pro vozidla o celkové hmotnosti
nad 12 tun. Vy8e poplatkl je stanovena v CR s ohledem na rozsah sité dal-
nic ve srovnani s rozsahem v ¢lenskych statech EU. Pfiméfené k této ¢astce
je pak stanoven poplatek mési¢ni, desetidenni a pro vozidla o celkové hmot-
nosti nad 12 tun i jednodenni. Nasledujici tabulka zobrazuje hodnoty navrho-
vanych poplatkl za uzivani dalnic a rychlostnich silnic v roce 2001.

Hmotnostni Roéni Mésiéni | Desetidenni|Jednodenni
kategorie poplatek | poplatek | poplatek | poplatek

Do celk, hmotnosti

35t 800 K¢ 200 K& 100 K& -

O celk. hmotnosti

nad 3,5tdo 12t 6 000 K¢ 1000 K& 400 K&

O celk. hmotnosti

nad 12t 12 000 K& | 2 000 K& 800 K¢ 300 K¢

Navrhované poplatky za uzivani dalnic a rychlostnich komunikaci

process of setting the charges for the use of the transport infrastructure. The
condition that all kinds of road vehicles have to be subjected to payment of
tolls is contained in the book, where the categorisation of road vehicles is an
important factor. Another important aspect is also monitoring of environmen-
tally friendly vehicles, i.e. the vehicles which behave in a more considerate
way towards the environment. The toll amount will be set with respect to the
vehicle category, and it will take into consideration the impact on environ-
ment, including all externalities. The toll amount will have to be set for all
member states with respect to the fact that currently the toll amounts differ
(the annual toll paid for trucks reaches up to 3,000 ECU per annum).

» Directive No. 93/89/EEC of 25/10/1993 on the taxation of certain vehicles
used for transport of goods: It deals with collection of the toll and user
charges for particular roads leading through the EU member states. This
directive is a legal basis for the vehicle excise duty coupons paid for the use
of motorways. It binds all the states to respect the EFC systems and the EFC
systems interoperability. This directive was cancelled on 05/07/1995, with
the effects of this directive continuing by the time when it is replaced by the
new directive No. 1999/62/EC.

» Directive No. 1999/62/EC of 17 June 1999 on collection of tolls for the use
of certain roads by heavy trucks: It is valid for car taxes, tolls and user
charges. It concerns heavy trucks with the gross weight over 12 tons.

» Directive No. 95/46/EC of 24 October 1995 on protection of personal data
of individuals, and free movement of the data: it orders the member states to
protect the rights and freedom of individuals, and their right to privacy at
personal data processing. They must not restrict the free flow of the data.
The data have to be processed in compliance with the laws, and protection
of the data against a loss or misuse by another person has to be ensured.

Legislation of the CR applicable to the EFC

It is necessary to say that due to the fact that the issue of the electronic toll
collection was not solved in the document "Transportation policy of the CR",
this issue is not contained in the legislation of the CR. The following list of
laws and decrees contains all documents available concerning in some way
the collection of tolls for the use of roads by motor vehicles in the CR.

» The Law No. 13/1997 Coll. on roads: it stipulates payments for the use of a
selected network of motorways and expressways by motor vehicles. In 1999,
the income gained of this duty amounted to about 1.97 bill. CZK. Since 2000,
monthly and 10-day charges have been introduced as an option added to
the annual amount of the duty

» The Decree of the Government No. 146/1999 Coll. of 16/06/1999, which
amends the amount of the duty paid for the use of motorways and express-
ways by motor vehicles. This decree of the government introduces the pay-
ment for the use of motorways and expressways by means of time-limited
duties (10 days, one month, one year), where the amount of the duty
depends on the vehicle category (up to 3.5 tons, up to 12 tons, over 12
tons).

« The Law No. 102/2000 Coll., which amends the Law No 13/1997 Coll. on
roads: This law dated 4 April 2000 amends the Law No. 13/1997 Coll. on
roads. The changes concerning the introduction of payments for the use of
the roads network in the Czech Republic affect the amount of the duties and
their application. In addition, it is stated that the payment for the use of
a motorway or expressway is not required for vehicles equipped with hazard
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V pfiloze &. 4 (k vyhlasce &. 104/1997 Sb.) je obsaZen seznam useku dalnic
a rychlostnich silnic, jejichZ uZiti podléha zpoplatnéni. Pro informaci jsou ty-
to komunikace zobrazeny v obr. 3.

PLATBY ZA POUZITi TUNELU

V této kapitole by bylo mozZné popsat desitky elektronickych systémU plateb
za pouzivani komunikaci. Vzhledem k rozsahu ¢lanku bude pozornost zamé-
fena na dva typické piiklady: Dlouho fungujici systém plateb u nageho sou-
seda v Rakousku a nové otevieného spojen/ mezi Danskem a Svédskem
tunelem Oresund. Platby za pouZivani nové budovanych tuneld jsou dnes
téméf standardem, jak o tom svédd&i Udaje v lit. [2], kde je uvedeno, Ze za
prijezd tunelem Westerschelde se bude platit, po jeho otevieni, za osobni
vozidlo 11,75 NLG ,

Nakladni vozidla 60 %
Trucks 60%

Obr. 4. Podil plateb nékladnich vozidel na dalnicich
Fig. 4. The share of the payments for trucks on motorways

Nakladni vozidla 12%
Trucks 12%

Obr. 5. Podil plateb nakladnich vozidel ve stavajicich mytnych systémech
Fig. 5. The share of the payments for trucks on at existing toll collection
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Obr. 6. Schématické znazomnéni propojeni Danska a Svédska
Fig . 6. Schematic ilustration of the Demark - Sweden link

warning devices (the police, fire fighters, etc.) and if the vehicle is used for
transportation of seriously ill / disabled persons.

« The Amendment Law No. 102/2000 Coll. on roads. it amends in a legal man-
ner the duties for the use of motorways and expressways. It also stipulates
the limiting amount of annual duties for particular weight-related categories.
This amendment law introduces & one-day duty for vehicles with the gross
weight over 12 tons. The amounts of the duties is set out for the CR with
respect to the extent of the motorways network comparing to the extent in
the EU member states. The monthly, ten-day, and for the vehicles exceeding
the gross weight of 12 tons applicable one-day duties are set down ade-
quately, proportionally to the annual duties. The following table gives the
armounts of the proposed duties for the use of motorways and expressways
in the year 2001.

Weight category Annual charge | Monthly charge | Ten-day charge
Gross weight up fo 3.5 800 K¢ 200 K¢ 100 K¢
Gross weight up over 3.5t
up to 12t 6000 K¢ 1000 K¢ 400 K¢
Gross weight over 12t 12 000 K¢ 2000 K¢ 800 K&

Proposed duties for the use of motorways and expressways

The Annex No. 4 (to the Public note No. 104/1997 Coll.) contains the list of
the motorways and expressways sections the use of which is liable to the
payment. For informational purpose only, those roads are shown in Fig. 3.

PAYMENTS FOR THE USE OF TUNNELS

It would be possible to describe tens of electronic systems of the toll collec-
tion in this chapter. With respect to the extent of the arlicle, the attention will
be focused on two typical examples: the long time working system of the toll
collection used by our neighbour, Austria, and the newly opened link
between Denmark and Sweden through the Oresund tunnel. Nowadays, pay-
ments for the use of newly built tunnels have become nearly a standard, as
reflected in the information contained in the bibliography (2], stating that
11.756 NLG will be paid for a passage of one passenger car through the
Westerschelde tunnel after its inauguration.

Austria

First payment for the use of a road was introduced on 3 June 1964. It was
connected with the opening of the Brenner section of the motorway. The
payment obligation was constituted by a federation law. Till 1997, passage
through several tunnels was paid for so that the high capital and operational
costs could be amortised. The current tolls and the lengths of roads liable to
the payment are shown in the table:

A9 'Pyhrn" motorway Gleinalm and Bosruck tunnels 35 km Gleinalm:

ATS 119/EUR 8
Bosruck:

ATS 70/EUR 5.09

A10 'Tovern" motorway Tauern and Katchberg tunnels 46 km  ATS 140/EUR 10.18

A11 Karawanken tunnel 10 km ATS 90/EUR 6.54

A13 "Brenner” motorway 35km  ATS 110/EUR 8

A16 Arlberg tunnel 16km  ATS 130/EUR 9.45
Total 42 km

Survey of current toll collection systems

ORENSUND

WV\asta anslutningsborn

Bron totalt 7 850 m

MALMO'
Ostra ansfultnigsborn

Lemnaccken

Broen Jalt 7 850 m
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Rakousko

Prvni platba za vyuzivani komunikace byla zavedena 3. ¢ervna 1964 a sou-
visela s otevienim brennerského Useku dalnice. Povinnost platby byla dana
spolkovym zékonem. Do roku 1997 byl placen jenom prijezd nékolika tune-
ly, pro umofovani jejich vysokych investi¢nich a provoznich nakladd. Sou-
¢asné poplatky a délky zpoplatnénych komunikaci jsou v tabulce:

A9 Ddlnice "Pyhrn" Gleinalm a Bosruck tunel 35 km Gleinalm:

ATS 110/EUR 8

Bosruck:

ATS 70/EUR 5,09
A10 Dalnice "Tovern" Tauem a Katchberg tunel 46 km ATS 140/EUR 10,18
A11 Karawanken tunel 10 km ATS 90/EUR 6,54
A13 Dalnice "Brenner" 35 km ATS 110/EUR 8
$16 Arlberg tunel 16 km ATS 130/EUR 9,45

Celkové 142 km

Ptehled sou¢asnych mytnych systémd

V lednu 1997 byla zavedena obecnd povinnost plateb na délnicich a rych-
lostnich komunikacich (dale jen dalnice) pomoci dalni¢nich znadmek. V sou-
¢asné dobé se tedy plati na 142 km myto zaloZené na pfepravnich vztazich
(hlavné prijezd tunelem) a asi na 1 770 km se plati ¢asové zavislé myto ve
forme dalni¢nich zndmek

Casové dalni¢ni znamky dosud pfind3ely celkové ¢astky 2 643 mil. ATS (stav
1998) a pfijem z mytnych mist v tunelech byl vy8§i: 3 249 mil. ATS. Velmi
zajimavé je pfitom rozdéleni plateb: Na komunikac¢ni siti se podileji na plat-
bach hlavné kategorie mimo nékladni vozidla, (obr. 4), zatimco u mytnych
mist v tunelech je tomu naopak (obr. 5).

Vysoky podil plateb nékladnich vozidel v tunelech je pro Rakousko typicky,
nebof tunely jsou pouzivany jako soucast transevropskych dalnic pfepravu-
jicich vétSinu zboZi.

V Rakousku se predpoklada, na zékladé nékolikaletych praci skupiny ex-
pertl, Ze bude pouzit polootevieny systém, viz. lit. [1], pracujici na elektro-
nickém principu. Zatim se stale je$té uvazuje o pouzitl i dudiniho systému,
ktery umozriuje kromé elektronickych plateb i manudlni vybirdni poplatkd.
Manuélnf vybirani, které ma nevyhody ve vy3Sich investi¢nich a provoznich
nakladech, je stale je$té pfedmétem diskusi. Jeho pfednosti je, Zze umoZziiuje
platit za vyuzivani dalnice nebo tunelu i ve vyjimecnych pfipadech, kterymi
mize byt napfiklad vypadek systému. V sou€asné dobé probihd vybérové
fizeni, které by mélo urgit dodavatele systému elektronickych plateb, které
by mély byt zavedeny bé&nem (fi let

Spojeni mezi Danskem a Svédskem (Oresund)

Dne 1. ¢ervence 2000 bylo otevieno nové silnicnl a Zelezniéni spojeni mezi
Svédskem a Dédnskem. Tolo spojeni je tvofeno kabelovym maestem, umélym
ostrovem a podmofskym tunelem (obr. 6). Jeho celkova délka je 16,8 km
a spojuje Copenhagen v Dansku a Malmo ve Svédsku. Koneénd cena se vy-
$plhala na 18,7 miliardy DKK (danskych korun) a investice by se mély vracet
zpét i diky EFC platbam a také diky cenam Zelezniénich jizdenek.

Pfestoze se jednd o spojeni mezi velkymi mésty, nepfedpoklada se velky
narlist dopravy v dobé dopravnich $picek. Vétsinou se bude jednat o turisty,
ktefi nebudou seznameni s funkci mytného mista. Tato mytna mista tedy
Aktualni intenzity dopravy [voz.h'] jsou zatim ponékud niz&i, nez pfedpovi-
daly progndzy:

2000 2001 2002
Prognéza [voz.h'] 12 000 14 000 16 000
Realné pocty [voz.h'] 7 000

V kazdém sméru vede mytnym mistem, lit. [3], které je umisténo na Svédské
strané, 11 jizdnich pruh( (obr. 7 a 8). Prvni jizdni pruh je uréen pro osobni
vozidla vybavend OBU. Rychlost vozidel pfi prijezdu je omezena na

| B

Tw == =

Obr. 7. Mytné misto je situovano na Svédské strané
Fig. 7. The toll collection facility is situated on the Sweden side

In January 1997, a general obligation was introduced to pay on motorways
and expressways (further on only motorways) by means of motorway
coupons. Currently, the toll payment based on haulage-related relations is
applied on 142 km of the motorways (primarily for a tunnel passage), and
time-related toll in the form of motorway coupons is collected on the length
of about 1,770 km.

Time-limited motorway coupons have brought in aggregate amounts of 2,643
mill. ATS (as of 1998), and the income gained from the toll collection facili-
ties at tunnels was higher: 3,249 mill. ATS. Distribution of the payments is
interesting: categories excepting the category of trucks have a main share in
the payments collected on motorways, see Fig. 4, while for the toll collection
facilities at tunnels it is just on the contrary, see Fig. 5.

The high share of the payments for trucks using lunnels is typical for Austria
since its tunnels are utilised in the framework of the Trans-European motor-
ways scheme, transiting the major part of goods.

Austria expects, on the basis of a several years' work of a group of experts,
that a semi-open system will be used, see the bibliography [1], working on
an electronic principle. So far even the use of a dual system is under con-
sideration, which enables, apart from the electronic toll collection, the man-
ual tolf collection to be used. Manual collection, which has its disadvantages
in higher capital and operational costs, has been a subject of discussions
still. Its advantage is the fact that it makes the payment for the use of a
motorway or a tunnel possible even on exceptional occasions, e.g. on the
system's failure. Currently, a tendering process is in progress, which should
decide on the contractor for the supply of an electronic system of toll collec-
tion to be introduced in the course of three years.

The link between Denmark and Sweden (Oresund)

A new road and railway link between Denmark and Sweden was opened on 1
July 2000. This link consists of a suspension bridge, an artificial island and
an undersea tunnel, see Fig. 6. It is 16.8 km long in total, and connects
Copenhagen in Denmark with Malmé in Sweden. The final price achieved
18.7 bill. DKK, and the investment should return, among others, thanks to
the EFC payments and also thanks to the prices of railway tickets.

Despite the fact that the road connects big cities, no great increase in the
traffic flow is expected during peak periods. Mostly tourists, who will not be
familiar with the function of the toll collection facility, will use it. These facili-
ties will have to be easy to pass even for the people who have no previous
experience with them.

The originally expected traffic flow (cars per hour) was higher than the actu-
ally recorded flow:

2000 2001 2002
Prognosis (cars per hour) 12 000 14 000 16 000
Actual number (cars per hour) 7 000

11 traffic lanes in each direction lead through the toll collection facility, see
the bibliography (3], located on the side of Sweden, see Fig. 7 and Fig. 8.
First traffic lane is designed for passenger cars equipped with the OBU
Velocity of vehicles during the passage is limited to 50 km/h despite the fact
that the system could cope even with higher speed. The data contained in
the OBU are read on the entry to the loll collection area. If the communica-
tion is accomplished without problems, the Go-signal is given to the driver
and the barrier boom lifted to allow the passage. If the data from the OBU
are not accepted, the driver is sent to a special traffic lane where another
form of payment is possible. Trucks equipped with the OBU use the eleventh
traffic lane where the vehicle classification for computation of the toll amount
is done before the information is transmitted between the OBU and the Road
Side Equipment, For all remaining traffic lanes both manual and automatic
payment is possible.

Obr. 8. Pohled do fidiciho centra mytného systému
Fig. 8. A view inside the control center of the collection facility
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50 km/h, pfestoze by systém fungoval i pfi vy8Sich rychlostech. Pfi viezdu
do mytné oblasti jsou pfecteny Udaje z OBU, a pokud pfenos prob&hne bez
problémd, bude fidigi zelenym signalem dopravni signalizace a zvednutim
zavory umoznén prijezd. Pokud nejsou Udaje z OBU akceptovany, je Fidi¢
poslan do specialniho jizdniho pruhu, kde mu bude umoznéna jina forma
placeni. Nékladn! vozidla vybavena OBU projizdéjl jedenactym jizdnim
pruhem, kde jedté pfed pfenosem informaci mezi OBU a Road Side
Equipment dojde ke klasifikaci vozidla pro vypo¢teni vy$e poplatku. V3ech-
ny ostatni jizdni pruhy umozniuji manualni i automatické placen.

Ridi¢ mize platit v hotovosti i platebnimi kartami. Danskd i $védska ména je
povazovana za doméci ménu a v8echny ceny jsou uvedeny v obou ménach.
Kromé toho je mozné platit dal$imi 12 hlavnimi ménami, hlavnimi kreditnimi kar-
tami a specialnimi listky, které je mozné zakoupit na mnoha dalich mistech.
Zakladni cena pro osobni vozidlo je 230 DKK. Cena je oviem skute¢né silné
zavisla na tom, zda je vozidlo vybavené OBU a zda vyuZivd toto spojeni
¢asto. Pak Ize ziskat slevu az 50 %. Cena poplatkd nakladnich vozidel zavisi
na jejich délce. K jejimu uréeni se pouZziva optické (laserové) méfeni délek,
Zakaznici jsou l&kéni k vyuzivani mostu daldimi doplikovymi sluZzbami, jako
je mnozstevni sleva pro podniky, které vybavi OBU vice svych vozidel ¢i pro
turisty uréend karta, ktera je pfedplacena pro pouZiti mostu, ubytovani v ho-
telu, pfipadné i listky do divadla.

Jak bylo jiz zddraznéno, je soucasti elektronickych plateb dokonaly dohle-
dovy systém zarucujici spolehlivou kontrolu provedenych transakci. Udava
se, ze §patné provedend transakce mlze zpochybnit cely fungujici systém
elektronickych plateb. Na rozdil od vétsiny elektronickych systéml jsou
zavorami vybaveny i pruhy uréené pro EFC. Znamena to, Ze kazdé vozidlo je
zastaveno. Divodem jsou relativng vysoké poplatky a také velky objem me-
zinarodni dopravy a hlavné to, Ze pokud jiz nékdo projede bez zaplacent, je
pomérné komplikované na ném dodate¢né vyméahat zaplaceni,

Kazdy jizdni pruh je navic vybaven i dvéma fotoaparaty. Prvni ziské detailni
fotografii SPZ a druhy ziska celkovy obraz vozidla. SlouZi pfedevsim v pfi-
padé, Ze fidi¢ k placeni pouZije kreditnf kartu. Spole¢nost, u které byla kre-
ditnf karta vystavena, mize pozdéji odmitat uzavieni transakce, napfiklad
v piipadé, Ze podpis vlastnika nebo jeho PIN nejsou spravné. Potom ucho-
vané fotografie slouzf k identifikaci majitele vozidla,

Pfenos probih4 podle mezindrodnich standardl TC278 DSRC na frekvenci
5.8GHz.

ZAVER

Clanek poukazuje na moZnost vyuZiti elektronickych plateb za prijezd sil-
ni¢nimi tunely. Tento systém je v zahraniéi zceta béZny a neni v rozporu s le-
gislativou Evropské unie. V Ceské republice se pfipravuje systém zavedeni
plateb pro nakladni vozidla nad 12t pro vybrané komunikace. Optimistické
pfedpoklady pfedpokladaji jeho zavedeni za dva roky.

Pro platby v8ech vozidel za vymezené Useky tuneld nebo mostd neni zatim
legislativni podklad. Proto by bylo vhodné, v rdmci ITAJAITES nebo Silniéni
spole¢nosti zadit pracovat na podkladech pro legislativni zménu, kterou Ize
iniciovat fadou zpidsobd. .
Podnétem by mohlo byt i to, Ze Sdruzenf pro dopravni telematiku Ceské
republiky vyhralo vybérové Fizeni projektu védy a vyzkumu MDS Elektronické
platby za pouzivani pozemnich komunikaci. Tento tfilety projekt by mé&l urgit
sméry rozvoje daného oboru. Vzhledem k tomu, Ze nékteré organizace
pracujici v ITA/AITES jsou zaroveii ¢leny SdruZzeni, méla by byt i zde nale-
zena platforma pro elektronické zpoplatnéni vybranych tunelt pozemnich
komunikaci.
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[1] P¥ibyl P., Svitek M.: Elektronické platby mytného na pozemnich komu-
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nich komunikacich, Smolik J.: Silni¢ni obzor
[3] Tveit B.O.: The Oresund Link Toll Collection System, prezentovano na
7. 1TS kongresu, Torino, 6 az 9. November 2000

The driver can pay both in cash and by credit cards. Danish and Swedish
currencies are regarded as a domestic currency, and all prices are dis-
played in both currencies. In addition, it is possible to pay with the other 12
main currencies, main credit cards and special tickets, which are sold at
many other places

The basic price for a passenger car is 230 DKK: Although, the price really
strongly depends on the condition whether the car is equipped with the
OBU, and whether it uses this link often. If it is the case, it is possible to gain
a discount up to 50%. The toll amount for trucks depends on their length.
Optical (laser-based) measurement of lengths is used for its determination.
Customers are alttracted to use the bridge by additional services as a bulk
discount for companies who equip more of their vehicles with the OBU, or by
a voucher for tourists, whose owner has the bridge use and a hotel accom-
modation prepaid. The voucher can even be used as a theatre ticket.

As already stressed, a perfect supervision system guaranteeing a reliable
check over the transactions made is a part of the electronic toll collection
system, Allegedly, a transaction made in a wrong manner can cast doubt
upon the whole operated system of the electronic payments. As opposed to
most electronic systems, barriers are installed even at the lanes intended for
the EFC. This means that each vehicle is stopped. The reason is the relative-
Iy high toll amounts, and also the big volume of international transport, and
primarily the fact that once somebody has passed through without paying, it
is quite complicated to enforce the payment afterwards.

In addition, each traffic lane is equipped with two cameras. The first one
takes a detailed picture of the registration number, and the other one takes
an overall picture of the vehicle. This is primarily used in the cases when
drivers use credit cards for payment. Later on, the company which issued
the card could refuse to conclude the transaction, for example if the owner's
signature or the PIN is incorrect. Then the retained pictures can be used to
identify the vehicle owner.

Communication is maintained in compliance with international standards
TC78 DSRC, on the 5.8GHz frequency.

CONCLUSION

The article points out the opportunity to take advantage of the electronic col-
lection of tolls for passage through road tunnels. This system is quite com-
mon abroad, and is not in conflict with the legislation of the European Union.
In the Czech Republic there is process of introduction of duties for trucks
over 12 tons being prepared for selected roads. Optimistic expectations
assume that the duties will be introduced in two years.

For the time being, there is no legislative background for introduction of pay-
ments for all vehicles using specified tunnels or bridges. Therefore it would
be advisable, in the framework of ITA/AITES or the Road Association, to start
working on documents with the aim of a legislation change. The change can
be initiated in a number of ways.

An impulse could be the fact that the Association for Transport Telematics of
the Czech Republic has won the tender called by the Ministry of Transport
and Communications for the scientific and research project "Electronic col-
lection of tolls for the use on roads". This three-year project should deter-
mine directions of this sphere development. With respect to the fact that
some organisations working in ITA/AITES are also the Association members,
a platform for the electronic toll collection at selected road tunnels should
be found even here.
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Obr. 9. Vybérdi kabina, jejiz soutasti je i automat pro rozmériovani penéz
a prodej listkd
Fig. 9. The toll-collection cabin with a coin and ticket dispenser

Obr. 10. Zavorovy systém a stojan pro fotoaparat
Fig. 10. The barrier system and the camera stand
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ENVIROMENTALNE CISTE TECHNOLOGIE
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ENVIRONMENTALY FRIENDLY TECHNOLOGIES
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uvoD

Odtazba rubaniny pri vystavbe tunelov, prieskumnych $téIni, precerpava-
cich vodnych elektrarni a inych podzemnych diel je narotna a vhodnost jej
volby je potrebné v sicasnosti posudzovat nielen z hfadiska technického
a ekonomického, ale aj environmentalneho [2]. Z hladiska Zivotného prostre-
dia sposobuje odtazba rubaniny znegistenie okolia, vzduchu, hluk a vibra-
cie. Z dovodu zniZenia jej nepriaznivého vplyvu na Zivotné prostredie su
vyvijané nové dopravné technoldgie, ktoré miniméalne ohrozujl zivotné
prostredie, ale suc¢asne su reprezentované dobrymi technickymi parametra-
mi. Medzi takéto technoldégie vhodné na odtazbu rabaniny pri vystavbe
podzemnych diel mdzeme zaradit hadicové dopravniky so zatvorenym nos-
nym organom a kapsulovy pneumaticky dopravny systém.

V st¢asnosti sa na nakladanie a odtazbu pouZivaji moderné vysokovykonné
mechanizmy, akymi su nakladace, bagre a dumpre

ENVIRONMENTALNE CISTE TECHNOLOGIE
ODTAZBY RUBANINY

Vyber technickych prostriedkov a technologickych postupov pri zabezpeco-
vani odtazby je velmi naro¢ny z dévodu zloZitych geologickych podmienok,
zosuladenia vykonnosti dopravnych mechanizmov s rozsahom a tempom ra-
ziacich préc a zdroveri z hfadiska financnej naro¢nosti navrhovaného do-
pravného systému. Ciasto¢né rie§enie pri prekonani problémov slvisiacich
s vyberom optimalnej alternativy odtazby rubaniny ponukaju v prevaznej
miere nové vysokovykonné ekologické dopravneé systémy.

Pasové dopravniky so zatvorenym nosnym organom

Ponukaju ¢isté rie$enie pri odtazbe rabaniny. Su modifikiciou klasickych
dopravnikov a znamenaju revoluénud zmenu v doprave. Ich vysoka flexibilita
umozfiuje odstranit presypy a tym zniZit tvorbu prachu a hladinu hiuku.
Uzatvorenim materialu v potrubf (obr. 1) je moZné zvaésit uhol stupania, ale
najma zmiernit vplyv prepravovaného materidlu na Zivotné prostredie.

HADICOVE DOPRAVNIKY

Zakladnym prvkom hadicovych dopravnikov je gumovy dopravny pés, ktory
mus( spinat tieto extrémne poZiadavky: Schopnost vytvaraf uzatvorend ha-
dicu pomocou usmerfiovacich valéekov a posobenim vndtornych sil doprav-
ného pasu, flexibilnos{ a moZnosl dopravy v oblikoch, konstaniné dyna-
mické priebeZné zalazenie pri procese uzalvarania a otvarania dopravného
pasu, odolnosf proti zahriatiu dopravného pasu a vzniku poZiaru, minimalne
trenie medzi dopravnym pasom a valéekmi [5]. . .

Na obr. 1 je znazornené vieobecna schéma dopravy hadicovymi dopravnik-
mi. Konstrukeia hadicového dopravnika (obr. 2) pozostava z pohonného a
napinacieho zariadenia, nasypacej a vysypacej stanice a moZnych medzipo-
honov. Spotreba energie je prakticky rovnaka ako u klasického dopravnika.
Hlavny rozdiel je v tom, Ze medzi miestami nakladania a vykladania vodiace
valéeky vytvérajice hexagondlny obvod formuja pas do tvaru hadice a udr-
zuji ho vo zvinutom stave. Miesta presypu si vyZaduju otvorenie, resp.
uzatvorenie dopravného pésu s lextilnou vieZkou na dopravnej vzdialenosti
rovnej 25-nasobku pracovného priemeru hadicoveho dopravnika. Pre oce-
fokordové dopravné pasy je tato dizka dvojndsobna. VSeobecne je moZné
povedal, Ze hadicovy dopravnik prepravi ekvivalentneé mnoZstvo malerigly
ako klasicky pasovy dopravnik s trojndscbnou Sirkou v porovnani s prie-
merom hadice. Pri rovnakych kapacitéch je celkova Sirka hadicového do-
pravnika v strednej Gasti, kde je pas zvinuty, o 30 aZ 50 % mensia ako u kia-
sického pasového dopravnika. Formovanie pasu do tvaru hadice md za na-
sledok maly prieény rozmer hadicového dopravnika s pomerom vy3ka/Sirka
=2:1[1].

SYSTEM SICON
Jednoduchd montaZ, vyrazné zniZenie ndkladov na udrzbu, vysoka do-
pravna kapacita a zlepSenie pracovného prostredia predurCuje tento systém

INTRODUCTION

Muck removal when constructing tunnels, trial galleries, pumped hydroelec-
tric storage plants and other underground works, is exacting, and the suit-
ability of its choice is to be judged now not only from the technical and eco-
nomic point of view, but from the environmental one too (2). From the envi-
ronmental point of view, the transport of muck causes pollution of the sur-
roundings and of air, noise and vibrations. Due to decreasing its unfa-
vourable influence on the environment, there have been developed new
transport technologies which endanger environment in the minimum extent,
and, simultaneously, they have good technical parameters. Among such
technologies which are suitable for mucking out during constructing under-
ground works, there may be included hose belt conveyors with a closed
weight-carrying body, and a capsule pneumatic transport system.

At present, there are applied, for muck removal, up-to-date mechanisms of a
high output, such as loaders, excavators and dumpers

ENVIRONMENTALLY FRIENDLY TECHNOLOGIES
OF MUCK HAULAGE

The choice of technical means and technological processes at securing
muck removal is very exacting due to complicated geological conditions, co-
ordination of the output of transport equipment and of the extent and pace of
driving works, and simultaneously with respect to the financial demands of
the proposed haulage system.

A partial solution for overcoming problems connected with the selection of
the optimum muck transport alternative are offered mostly by very efficient
ecological haulage systems.

Belt conveyors with a closed weight-carrying body.

They offer a clean solution for muck transport. They consist in a modification
of classic conveyors, and represent a revolution change in haulage. Their high
flexibility makes it possible o exclude re-dumping operations and thus
decrease a dust rise in this way, as well as the noise level. By closing the
muck in a duct (Fig. 1), it is possible to increase the gradient rise angle, but
especially to decrease the environmental impact caused by the moving muck.

HOSE CONVEYORS

The basic element of hose conveyors is represented by a rubber transport
belt which must comply with the following extreme requirements: ability to
form a closed hose by means of guide rollers and, by action of internal forces
of the transport belt, the flexibility and possibility of transport in curves, a
constant dynamic continuous load at closing and opening the transport beft,
the resistance against warming up of the transport belt and against a rise of
fire, minimum friction between the transport belt and rollers (5).

On Fig. 1, there is shown a general diagram of transport by means of a hose
conveyor. The design of the hose conveyor (Fig. 2) consists of a driving and
tensioning equipment, loading and discharging station and of possible inter-
mediate drives. The power consumption is in fact identical as at a conven-
tional conveyor. The main difference resides in the fact that, between places
for loading and unloading, guide rollers, making a hexagonal circumference,
form the belt into a hose shape and keep it in a rolled condition. Places of
re-dumping require an opening/closing of the transport belt with a textile
insert in a transport distance equal to 25 multiple of the working diameter of
the hose conveyor. Said length is doubled if it concerns steel-cord transport
belts. Generally, it is possible to state that a hose conveyor is able to trans-
port an equivalent quantity of material as a classic belt conveyor having a
triple width in comparison with the hose diameter. If capacities are equal,
the total width of the hose conveyor in the middle part, where the belt is
rolled, is smaller by 30 to 50 per cent as at a classic belt conveyor. The
forming of the belt into a hose shape results in a small cross dimension of
the hose conveyor with the relation height/width = 2: 1 (1),

CAPSULE SYSTEM
The tunnel construction in Japan is completely different in comparison with
Slovakia, because the predominant part of its infrastructure is led through
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Plnenie spodnej vetvy
Filling of the lower branch

Plnenie vrchnej vetvy 5 \s\-\'d\a
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Obr. 1. Schematické znazornenie principu dopravy hadicovym dopravnikom
Fig. 1. Diagrammatic illustration of a hose conveyor design
Korba Vodiace pneumatiky
Body Guiding tyres

Obr. 2. Schematické znazornenie principu dopravy hadicovym dopravnikom
Fig. 2. Diagrammatic illustration of the transport principle by means of a hose
conveyor

na $iroké pouzitie. Dopravny péas je zakladnym prvkom Siconu, no pritom
spliia len funkciu nosného elementu.

Napinaciu silu prenasaji ocefové lané zaliate do gumovych profilov. Tie si
navulkanizované po okrajoch dopravného pasu. Po¢as dopravy méa doprav-
ny pas tvar musle, ¢o mu umoziiuje vytvarat aj serpentinové konfiguracie
s uhlom stipania do 35 % {obr. 3). Dopravny pés je vedeny a samostatne
centrovany medzi vertikalnymi vodiacimi kladkami a uklonenymi podpernymi
val¢ekmi. Ohybanie dopravného pasu je mozné do 180°, s polomerom oblu-
ka 1 m. Plniace stanice mézu byt situované kdekofvek pozdl? dopravnej
trate. Dopravny pds sa otvara pomocou vychyfovacich val¢ekov a nadoblda
tvar pismena U. Po naplneni sa znova uzatvara a nadobudda tvar musle
Vyprazdriovanie dopravného pasa mdze byl vertikalne alebo horizontalne
(obr., 3). Pri jeho pouciti sa eliminuje potreba mnohych nakladacich a vrat-
nych stanfc ako aj presypov. Systém Sicon sa vyrdba v dvoch zéakladnych
prevedeniach,

Sicon 100 a Sicon 1 000, s odpovedajicou dopravnou kapacitou 10-400 m*h.
Ich z&kladné technické parametre su uvedené v tabulke 1 [9].

Obidve verzie je mozné pouZit na dopravu réznych materidlov v mnohych
priemyselnych odvetviach, ako to uvaddza tabufka 2.

Vo svete je zndmych niekofko aplikacii systému Sicon. Spolotnost AVEBE
TAK v Holandsku dopravuje pomocou systému Sicon vihké lepkavé zemiaky.
Trat od nakladania a? po vyprazdiiovanie ma dve 90° zakruty. Spolo¢nost
Rockwool AB vo Svédsku nahradila predchadzajdci pneumaticky dopravny
systém dopravy podrvenej sklenenej vaty systémom Sicon, ktory je umiest-
neny priamo v budove a nie mimo nej ako to bolo pri predchadzajicom sys-
téme. Spolo¢nost Hognas AB vo Svédsku potrebovala dopravovat Zelezny
prasok dvoch réznych kvalit, ktoré neboli kontaminované. Tito poZiadavku
splinil systém Sicon s 10 nakladacimi a 2 vysypnym stanicami [8].

, \“ Dopravné pneumatiky
Spodny prikiop Transport tyres
Bottom cover o

A L any

Dopravna trat (tvorena z ocelobetonovych dielcov)
Transport track (made of reinforced concrete elements)

Obr. 4. Schematické znazornenie kapsule
Fig. 4. Diagramatic illustration of a capsule

underground structures, e.g. across the Gulf of Tokyo or near the Port of
Osaka. To the said situation, there corresponds even the selection of techno-
logical methods of disintegrated muck removal and concrete transport. When
constructing the tunnel Horikumu Shinkansen Akima, there was applied a
pneumatic capsule pipeline system for fransporting disintegrated soil in one
direction and for transporting concrele in the opposite direction (4). Specific
conditions at constructing the tunnel Akima are mentioned in Table 3.

The pneumatic capsule pipeline system consists of two pipelines, in which,
steel capsules are moved by means of pressure air. The capsules are provided
on both ends with 5 discs which serve for their guiding. The discs are arranged
in an even way and mounted onlo the bearing of the pin of the central capsule
axis. On Fig. 4, there is a diagrammalic illusiration of a capsule. The number of
dosing devices corresponds o the number of capsules. The capsule move-
ment is realised by means of pressure air generated by compressor fans. The
fans create a pressure of 2 500 to 4 500 Pa. The capsule velocily is between 5
to 10 m.s’, and their volume is 0.8 to 1.2 7. The pipeline diameler can be 0.8
{o 1.2 m. The diagrammatic iflustration of individual capsule system stations at
the tunnel Akima construction is shown in Fig. 5.

SYSTEM SICON

A simple assembly, a considerable decrease of maintenance costs, high
transporl capacity and improved working environment predetermine this
system for a wide application. The transport belt is the basic element of
Sicon, but it performs only the function of a supporting element. The tighten-
ing force is transmitted by steel cables which are placed in rubber profiles.
They are vulcanised in edges of the transport belt. During the transporl, the
transport belt has the shape of a shell which makes it possible to form even
a hair-pin bend configuration with an angle gradient nol larger than 35 %
(Fig. 3). The transport belt is guided and independently centred belween
vertical guide rollers and inclined supporting rollers. The transport belt may

w
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Plenenie otvoreného pasu
Filling of an open belt

Horizontalne vysypyvanie

s moznym spatnym transferom
spat' na dopravnik za ucelom
dal$ej prepravy po nasledu-
jucu vysypnu stanicu

Horizontalne vysypavanie
Horizontal emptying

Obr. 3. Schematické znazornenie dopravného systému Sicon
Fig. 3. Diagrammatic illustration of the transport system Sicon

Tabulka 1. Zakiadné technické parametre systému Sicon 100 a Sicon 1 000
Table 1. Basic technical parameters of the system Sicon 100 and Sicon 1 000

Vertikalne vysypavanie
Vertical emptying

Horizontal emptying with

a possible reverse transfer
back onto the conveyor for
a further transport fo the
following emplying station

Prevedenie Sicon 100 Sicon 1 000
Modification Sicon 100 Sicon 1000
Kapacita [m® h] 10-100 100-400
Capacity (m*.h”) 10 - 100 100 - 400
Rychlost dopravného pasu [m s 1-4 2-5
Velocity of the transport belt (m.s™') 1-4 2-5
Minimalny polomer obltka [mm] 400 750
Maximum radius of the bend (mm) 400 750
Maximalna fragmentacia [m] ~ 40 ~ 70
Maximum fragmentation ~40 ~70

Obr. 5. Rozmiestnenie stanic a prierez dopravnej trate pri vystabvbe tunela Akima v Japonsku
Fig. 5. Distribution of stations and a cross section of a transport line at a construction of the tunnel Akima in Japan
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Tabul'ka 2. Priemyselné odvetvia a druhy prepravovaného materialu vhodné pre systém Sicon
Table 2. Industrial lines and sorts of transported material suitable for the system Sicon

Priemyselné odvetvie
Lines of industry
Stavebny priemysel Energetika Oceliarensky priemysel Banicky priemysel Potravinarsky priemysel
Building industry Power industry Steel industry Mining industry Food industry
cement uhlie rudy ribanina surovy material
cement coal ores muck raw material
trk radelina Skvara rudy odpady
gravel peat slag ores waste
piesok drevené triesky uhlie uhlie maso
sand wooden splinters coal coal meat splinters
sadra popol pelety sol muka
plaster ashes pellets salt flower
hlina, fly Skvara zlievarensky piesok piesok ryby
earth, clay slag foundry sand sand fish

KAPSULOVY SYSTEM

Vystavba tunelov v Japonsku je v porovnani so Slovenskom Uplne odli$ng,
pretoze prevazna ¢ast jeho infradtruktiry je vedenad podzemnymi stavbami,
napriklad naprie¢ Tokijskym zalivom alebo v blizkosti Osackého pristavu.
Tomu zodpoveda aj vyber technologickych postupov odfazby rozpojenej
ribaniny a dopravy betdnu. Pri vystavbe tunela Horikumu Shinkansen Akima
bol pouzity kapsulovy dopravny systém na prepravu rozpojenej zeminy
v jednom smere a dopravu beténu v smere opaénom [4]. Specifické pod-
mienky pri vystavbe tunela Akima st uvedené v tabulke 3.

Pneumaticky potrubno-kapsulovy systém pozostava z dvoch potrubi, po kto-
rych sa pod tlakom vzduchu pohybuji kovové kapsule. Kapsule maju na
oboch koncoch po 5 kotucov, kioré sluZia na ich vedenie. Kotlce su rov-
nomerne usporiadané a namontované na lozisku ¢apu centralnej osi kap-
sule. Na obr. 4 je schematické znazornenie kapsule. Poget davkovacov zod-
poveda podtu kapsul. Pohyb kapsudl sa uskuto¢huje tlakom vzduchu, kto-
ry generuju kompresorové ventilatory, Ventilatory vytvaraju tlak 2 500 az
4 500 Pa. Rychlost kapsule sa pohybuje od 5 do 10 m s™ a ich objem je 0,8
az 1,2 m*, Priemer potrubf mdZe byt 0,8 az 1,2 m. Schematické znazornenie
jednotlivych stanic kapsulového systému pri vystavbe tunela Akima je zna-
zornené na obr. 5.

Tabul'ka 3. Doprava rdbaniny z tunela Akima do vlaku Horikumu Bullet
Table 3. Muck removal from the tunnel Akima to the train Horikumu Bullet

be bent up to 1800, with the curve radius of 1 m. Filling stations may be sit-
vated anywhere along the transport line. The transport belt is opened by
means of deflecting rollers and it gets the shape of the letter U. After having
been filled, it is closed again and it gets a shell shape. The transport belt
may be emptied either in a vertical way or horizontal one (Fig. 3). If it is
applied, the need of many loading stations and returning ones, as well as of
re-dumping places, may be eliminated. The system SICON is manufactured
in two basic modifications, Sicon 100 and Sicon 1000, with the respective
transport capacity of 10 to 400 cub.m .h". Their basic technical parameters
are mentioned in Table 1 (9). Both versions may be applied for transporting
various materials in many industrial lines, as it is mentioned in Table 2.

In the world, there are known several applications of the system Sicon. The
company AVEBE TAK in the Netherlands transports damp and sticky pota-
toes by means of the system Sicon. The line, from the loading place up to
the emptying place has two bends of 900. The company Rockwool AB in
Sweden replaced the previous pneumatic transport system for transporting
crushed glass wool by the system Sicon which is situated just in the building
and not outside, as it was at the previous system. The company Hognas AB
in Sweden needed to transport iron powder of two various qualities which
were not contaminated. The system Sicon complied with said requirement,
viz. by means of 10 loading stations and 2 emptying ones (8).

Polozka
ltem

Specifikacie
Specification

Dopravné podmienky

Transport conditions

doprava z tunela: ribanina 100 m* h"'

doprava do tunela: beténové zmesi 40 m’ h”'

Transport from the tunnel: muck 100 cub.m .h’
Transport into the tunnel: concrete mixture 40 cub.m .h*

Prierez linky
Cross section of the line

§tvorec: vnltorné rozmery 900 mm x 900 mm
Square: internal dimensions 900 mm x 900 mm

Capsule

Kapsule 3 kapsule na 1 vlak, nosnost 20 t na vlak, interval medzi dvomi viakmi 120 s, priemerna rychlost 7 m s
3 capsules for 1 train, carrying capacity 20 t per one train, headway 120 sec., mean velocity 7 m.s’

Linka v tuneli
Line in the tunnel

$pecialne betonové potrubie, jednotny sklon 3 %, maximalna dopravna vzdialenost 7 km
Special concrete piping, uniform gradient 3 %, maximum transport distance 7 km

Linka mimo tunela
Line outside the tunnel

$pecialne betonové potrubie, maximalna dopravna vzdialenost 3 km
Special concrete piping, maximum tunnel transport distance 3 km

Stanica v tuneli

Station in the tunnel

jednotka nakladania ribaniny, jednotka vykladania beténu, jednotka riadenia vystrelovania

a jednotka predlZovania irasy, nakladanie raziacim strojom so zasobnikom

Unit of muck loading, unit of concrete discharging. unit of launching control and unit of the line extending,
loading by means of a driving machine with a container

Stanica na portdli
Station at the portal

vystrelovacie zariadenie smerom na linku mimo tunela a jednotka nakladania beténu
launching equipment in the direction to the line, outside the tunnel and the unit for concrete loading

Stanica na vysypnom mieste
Station at the discharge place

vysypanie rubaniny
muck discharging

Pohon

Drive

Rootovo duchadlo (doprava kapsuli s rdbaninou, navrat prazdnych kapsuli a doprava kapsuli

s beténovou zmesou) prudenie vzduchu: 1 360 m® min-1

Root's blower (transport of capsules filled with muck, return of empty capsules and transport of capsules
with a concrete mixture) Air flow: 1 360 cub.m .h*
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Tunel

Od roku 1974 spolo¢nost Sumitomo Metals uskuto&nila sériu vyskumnych
a vyvojovych projektov v oblasti pneumatickych kapsulovych dopravnych
systémov a prvy takyto systém zacal komerénl prevadzku v aprili 1983 [3].
Kapsulovy systém je novou alternativou odtaZby rubaniny a dopravy strie-
kaného beténu pri razen( tunelov. Je vhodnou néhradou za kyvadlovd auto-
mobilovl dopravu, pri ktorej je potrebné kanalovym vzduchovodom odstranit
vyfukovy plyn z automobilov. Automobilova doprava v Gzkych tuneloch nesie
so sebou velké riziko dopravnych nehéd. Podobné problémy su pri kolajovej
doprave.

V pripade pésovej dopravy sa vyskytuju iné problémy suvisiace s pracou
pozdlZ dopravnikovej trate, Cistenia trate od napadaného materiélu, nehoda-
mi zachytenim 0séb a iné.

Japonska spolo&nost Railway Construction Public Corporation zvézila vetky
vyhody a environmentélne poZiadavky a aplikovala PCP systém pri budo-
vani tunela Horikumu Shinkansen Akima [4]. Akima tunel m& prieny prierez
90 m2, Bola pouzita ECL tunelovacia metoda - Extruded Concrete Lining tj.
pretlatacia metéda s beténovym osténim a systém PCP bol pouZity pre
dopravu rdbaniny a beténu ako subsystém ECL metody. Pripraveny namie-
sany betén je dopravovany od portdlu tunela k ECL tunelovaciemu stroju
a rozpojent zeminu z priestoru tunela vyklad4d v oblasti (z6ne), ktord je
vzdialend 3 km od od portalu tunela. Znazornenie PCP systému je na obr. 6.
Tento systém dopravuje 150 t h' rdbaniny a 60 t h' beténu dodéavaného
z Ustrednej betonarne. Systém PCP mé tieto zakladné prvky:

« kapsulové vozidlo. Tri kapsulové vozidl tvoria 1 vlak a prepravuju 2,5 t
beténu z betonarne k ECL stroju a 6 t ribaniny do zény vysypania. M4 dve
dopravné a dve vodiace pneumatiky na kazdom konci. Plnenie kapsul je
zvrchu a vypréazdriovanie otvorenim spodného priklopu — vnutornd stanicu
tunela pozostavajlcu z tunelovacieho stroja ECL,

« gtanicu pred portalom tunela

» stanicu v zéne vyprédzdfiovania,

« vnitorné tunelové potrubie s rozmermi 0,9 x 0,9 m medzi vnatornou stani-
cou tunela a stanicou v ¢elbe tunela, ktoré je predlzované s postupom
tunelovacieho stroja ECL. Sklon tunela je 3 %.

o vonkajsie tunelové potrubie s rozmermi 0,9 x 0,9 m medzi stanicou v ¢ele
tunela a stanicou v zéne vyprdzdiiovania. Je intalované pod zemou alebo
na pilieroch a traf ma tieto parametre: minimalne zakrivenie 60 m a maximal-
ny sklon 10 %. Trat je tvorena z ocelobeténovych dielcov dlhych 1,56 - 2 m
(vnutorna vyska a Sirka su 0,9 m). Po naloZeni beténom sa vlak pohybuje
k vnutornej stanici tunela s prddenim vzduchu vtl&ganym ventilatorom
(450 m*za minttu). V8etky ventilatory s umiestnené v stanici v Selbe tunela.

Kapsulovy systém je novou alternativou odfazby rubaniny a dopravy strie-
kaného betdnu pri razeni tunelov. V tabulke 4 je uvedené jeho porovnanie
s inymi dopravnymi systémami.

Aplikacia tohto systému pri budovani tunela je unikatna, pretoZe vnatorna
stanica tunela nemusf byt premiestfovana s postupom tunelovacieho stroja
a kapsulovy dopravny systém poskytuje moznost dopravy dvoch Uplne
rozdielnych materidlov (napriklad rdbaniny a beténu).

Drvic
Crusher
Nakladanie

rubaniny
Muck loading

_Concrete supp.‘ ck

Kompresorova stanica
Compressor station

Stanice na Usti tunela
Station at the tunnel mouth

Viysypanie betonu
Concrete discharge

Return branch 7,
Mie$acka beténu : /

Concrete mixer

Since the year 1974, the company Sumitomo Metals has realised a series of
research projects and development ones in the sphere of pneumalic capsule
pipeline systems (PCPS), and the first such system started ils commercial
operation in April 1983 (3). The capsule system is a new alternative method
of transport of muck and shotcrete when driving tunnels. It is a suilable
replacement for a shuttle lorry service, af which it is necessary to remove car
exhaust gas by means of a ventilation duct. It is necessary lo install one or
two air ducts every 5 m in the tunnel. The lorry transport in narrow lunnels
forms a high risk of traffic accidents. Analogous problems exist al a rail-
bound transpart loo.

In case of mucking with belt conveyors there exist also other problems,
being in connection with the work along the transport line, cleaning of the
line - i.e. removal of the spillage, accidents caused by the belt catching per-
sons and the like.

The Japanese company Railway Construction Public Corporation look into
consideration all advantages and environmental requirements, and applied
the PCP system when constructing the tunnel Horikumu Shinkansen Akima
(4). The cross section of the tunnel Akima is 90 sq.m. There was applied the
ECL tunnelling method - Extruded Concrete Lining, i.e. the jacking method
with a conerele lining, and the system PCP was applied for the transport of
muck and concrete as a subsystem of the ECL method. The prepared mixed
concrete is transported from the mixing centre at the tunnel mouth to an ECL
tunnelling machine, and the disintegrated muck from the tunnel space is dis-
charged in the area (zone), which takes place at the distance of 3 km from
the tunnel face. The PCP system is illustrated in Fig. 6. The said system
transports 150 t.h' of muck and 60 t.h" of concrete supplied from the central
concrete mixing plant. The PCP system has the following basic elements:

o Capsule vehicle. Three capsule vehicles form one train and they transport
2.5 t of concrete from the concrete mixing plant to the ECL machine, and 6
t of muck to the discharging zone. It is provided with two transport tyres and
two guiding ones at its both ends. The capsules are filled from the top and
emptied by opening their bottom cover.

» Internal tunnel station consists of a tunnelling machine ECL,

» Station at the tunnel portal.

» Station in the discharge zone.

« Internal tunnel pipeline having dimensions 0.9 x 0.9 m between the internal
station of the tunnel and the station at the tunnel mouth which is extended
according to the advance of the ECL tunnelling machine. The gradient of the
tunnel is 3%.

« External tunnel pipeline having dimensions 0.9 x 0.9, takes place between
the tunnel mouth and the station in the discharge zone. It is installed under
the ground or on pillars, and the line has the following parameters:

Minimum curvature is 60 m and maximum slope is 10%. The line consists of
reinforced concrete elements being 1,5 to 2 m thick (internal height and width
are of 0.9 m). When loaded with concrete, the train is moved to the internal
tunnel station by means of the air flow developed by means of a fan (450
cub.m per minute). All fans are situated in the station at the tunnel mouth.
The capsule system is a new alternative of mucking and shoterete transport
when driving tunnels. In Table 4, there is shown its comparison with respect
to other transport systems.

The application of the said system when constructing a tunnel is unique,
because the internal tunnel station need not be shifted to another place

Kapsuloveé vozidlo
Capsule vehicle

-,

P/

Vysypanie rubaniny
Muck out track

Vratna vetva

\lysypacia stanica

Trat na dopravu rabaniny Emptying station

Mucking out track

Obr. 6. Shematické znézomenie technologie odtaZby ribaniny a dopravy striekaného betonu pri vystavbe tunela Horikumu Shinkansen Akima
Fig. 6. Diagrammatic illustration of the mucking technique and shotcrete transport when constructing the tunnel Horikumu Shinkansen Akima
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Tabul'ka 4. Porovnanie potrubného kapsulového systému PCPS s inymi systémami
Table 4. Comparison of the pneumatic capsule pipeline system PCPS and of other systems

Automatizacia
Automation control

PCPS Nakladna automobilova doprava Pasovéa doprava
PCPS Lorry haulage Belt haulage
Vplyv na Zivotné Minimalny Znedistenie ovzdusia
prostredie Rozsypavanie materialu Rozsypavanie materialu
Hluk Hluk
Vibracie
Impact on environment Minimum Pollution of atmosphere Spilling of material
Spilling of material Noise
Noise
3 = Vibrations —
Bezpecnos{ Bezpeény Dopravné nehody, Poskodenie nakladu Zachytenie 0séb
Safely Safe Traffic accidents, Damage to load Catching of persons
Pocasie Nezavisly na pocasi Vplyv daZda a snehu Vplyv dazda
Weather Independent upon weather and snow | Influence of rain_and snow Influence of rain
~Traf Potrubie Ocelova konstrukcia
(Zakrivenie, Podzemné, Mostové konstrukcie)| Cesta
Track Pipeline (Curvature, Underground, Road Steel structure
I Bridge Siructures
Rychlost 30-40kmh' 20 - 100 km n"' 5-20kmh!
Nie konstantna
Velocity 30 - 40 km Not constant 5-20kmh’ Ll
Spolahlivost Dobra Mesgkania spésobené doprav. zapchami Dobra
Reliability Good Delay caused by traffic jam Good
Dopravny prostriedok Vozik (bez vodica) Auto Gumovy pas
Transport means Car {without driver) Lorry Rubber belt g
Pohon Centralny Individualny Niekotko pohonov
Drive _Central Individual Several drives

Centralne riadenie
Central management.

Manual operation

Uspora prac. sil

_Manpower saving
Udrzba

Maintenance

| _Automated operation

Automaticka prevadzka

Manualna prevadzka

Centralne riadenie
Central management
Automaticka prevadzka

Jednoduché Udrzba vozika
nepotrebna pre traf
Simple for cars, none for the track

Obsluha
Service

Najmen§ia
Minimum

UdrZba automobilov
Udrzba cesty
Maintenance of lorries
Maintenance of road

Automated operation
Udrzba celej trate

Maintenance of the whole line

Vefka
Intensive

Stredna
Medium

Bezpecnost a Cistotu pouzitim systému PCP by nebolo mozné dosiahnut
pouZitim iného systému, Konlakt prepravovangého materialu s okelim je mi-
nimalny, &m sa vo velkej miere znizuje znecisfovanie Zivotného prostredia.
Je realne oCakdval, Ze pouzitie PCP systému bude CastejSie najma pri razeni
tunelov.

ZAVER

Systém Sicon a kapsulovy pneumaticky systém su viactUcelové systémy bu-
ducnosti, vhodné na prepravu rdznych materialov, ako to potvrdzuje tabufka
2. Majti mnoho spoloénych vyhod, akymi su ¢istota, bezpednost, adaptabili-
ta pre mnohé typy nakladania a rézne situacie, nezavislost na pogasf, ex-
trémne vysoka produktivita, neznecistovanie okolitého prostredia prepravo-
vanym materialom, elimindcia hluku, vibracil, bezproblémové prekondvanie
stipanl, klesani, zakrivenl trate, moznos{ zvladnutia dopravnych vzdiale-
nosti od niekotkych kilometrov po niekofko stovak kilometrov.

Najvaésou vyhodou tychto systémov je ich ekologicka ¢istota, ktora prispie-
va k zlep$eniu pracovnych podmienok najmé pracovnikov zabezpecujicich
prepravu danym systémom, ale zdrover zlepSuje a chrani Zivotne prostredie
Sirokého okolia. Preto ostava len dufal, ze prevadzkovatelia slarych neeko-
logickych dopravnych systémov budu tieto v kratkom ¢asovom horizonte na-
hradzat novymi, ekologicky ¢istymi dopravnymi systémami, akymi su Sicon,
kapsulovy pneumaticky systém, hadicové dopravniky Ecotubelt [10], do-
pravny systém U-con [6], magneticka draha [8] a iné.
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according to the advance of the tunnelling machine, and the capsule trans-
port system provides a possibility of transport of two completely different
materials (e.g. muck and concrete)

The safety and cleanness when applying the PCP system, could not be
achieved when applying another system. Any contact of the transported
material with the surroundings is minimum, which decreases considerably
poliution of the environment. It may be expected that the application of the
PCP system will be now applied more often when driving tunnels,

CONCLUSION

The system Sicon and the pneumatic capsule system are multi-purpose sys-
tems of the future, suitable for transporting various materials, as it is proved
in Table 2. They have many common advantages, such as cleanness, safety,
adaptability for many types of loads and various situations, independence
upon weather, extremely high productivity, no pollution of surroundings and
environment by the transported material, elimination of noise pollution and
vibrations, no problems with overcoming any upward and downward slopes
or line curvatures, possibility to cope with any distance, let it be several kilo-
metres or several hundred kilometres

The most important advantage of the said systems resides in their environ-
mental cleanliness which improves working conditions, especially as to
workers ensuring any haulage by means of this system, but, at the same
time, it improves and protects the environment of wide surroundings. Thal is
why we must hope that operators of old environment damaging transport
systems will replace them with new, environmentally friendly transport sys-
tems, such as Sicon, pneumatic capsule pipeline system, hose conveyors
Ecotubelt (10), transport system U-con (6), magnetic line (8), and other, viz
within a short-term perspective.
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PRUBEH TEPLOTY A NARUST PEVNOSTI
U STRIKANEHO BETONU

COURSE OF TEMPERATURE AND STRENGTH
BUILD-UP IN SPRAYED CONCRETE

ING. PAVEL POLAK, METROSTAYV, a. s. - divize 5, ING. VLADIMIR MIKA, BETON BOHEMIA, s. r. o.

Uvod

Hydrataénf proces je u betonu provazen narlistem teploty, jeji kulminaci a odeznénim
teplotniho navy$eni v pozdéjsim stadiu zrani uloZené betonové hmoty ve stavebni kon-
strukei. Vzrlst z Grovng vstupnich teplot sloZzek betonu je jasnou zndmkou zahajeni
hydratace cementového pojiva a ma bezprostfedni spojitost s prab&hem tuhnuti a tvrd-
nuti betonové smési. U stfikaného betonu, ktery je pfed fazi naneseni na povrch vy-
rubu pod vlivem vétdiho podtu faktorl neZ standardni monoliticky beton, je pribéh
rozvoje a poklesu teploty velmi dllezitym ukazatelem. Ve fazi teplotniho rozvoje
probiha v soub&hu tuhnuti i nardst pevnosti, kterd rozhoduje zejména o rychlé stabi-
lizaci lice vyrubu ¢i moznosti ndstfiku silngjsfch vrstev stiikaného betonu na svislych
i previslych plochach lice prifezu tunelu.

Kontrolni zkousky stfikaného betonu v tunelu Mrazovka

Tunel Mrazovka respektive jeho zapadni tunelové trouba je razena novou rakouskou
tunelovaci metodou s uplatnénim suchého zpdsobu nandseni stiikaného betonu.Ten
spolu s pfedem osazenymi sitémi, vyztuznymi pfihradovymi prvky a systémovym
kotvenim tvoff primarni osténi tunelu razeného ¢lenénym vyrubem.

Podle schvaleného kontrolniho a zkuebniho planu probihaji kontrolni zkousky stiika-
ného betonu osténi v severni ¢asti zapadni tunelove trouby provadéné Metrostavem,
a. s., divizi 5 vzdyix za mésfc. Jejich soucasti je vySetfeni nabéhu tuhnuti stiikaného
betonu penetraéni jehlou v odstupu 6, 15, 30 a 60 minut po nastfikani. V dalsi fazi se
na predem osazenych trnech s pomoci pristroje Kaindl-Meyco méfi potfebné paramet-
ry, s jejichz pomocl je dopotitavana hodnota ndbéhovych pevnosti v ¢asech 3, 6, 12
a 24 hodin po ukonEeni nastiiku. V zafi lohoto roku byly ve stejnych intervalech sou-
bézné provedeny zkousky s nastrelenymi hieby pistoli Hilti DX 450 a dopoCitany
pevnosti po dosazeni hodnot ziskanych odméfenim vyénivajicich ¢asti zkuSebnich
hiebi a odectenim hodnot na pfistroji Tester 4. Vzhledem k ovéfené blizké podobnosti
a reprodukovatelnosti vysledku budou od fijna roku 2000 provadény zkousky prvotnich
pevnosti aperativnéjsi metodou s pistoli Hilti. Valcové pevnosti zjisténé na odvrtanych
vzorcich ve vymezené zkudebni plode osténi byly na lisech zjisfovany ve staff
stifkaného betonu 3 a 28 dni. Kromé& protokolll z uvedenych zkoudek byl o pribéhu
provadénych ginnostl souvisejicich se zkouskami vyholoven pisemny zaznam s uve-
denim vyznamnych technologickych Gdajl. ¥ ném se zaznamendvajl typy strojd a za-
fizeni pouzité slrojni sestavy, jeji provozni nastavenl i hodnoceni zplsobu provadéni
nastiiku pracovnikem ovladajicim trysku. Pfi konstantnim véhovém mnozstvi smési
(odpovidajicim 2 m® nastfikaného betonu) a pfi stéle stejné receptufe byly méfeny do-
ba stiikani i spotfeba urychlujici pfisady a dopotitany skuteéné dosahované vykony
stitkaciho stroje a procento davkovani urychlujici pfisady vi¢i spotiebovanému ce-
mentu. Systémové byly rovnéz méfeny a zaznamenavany teploty ovzdudi u skladky ka-
meniva, teplota kameniva na skladce, teplata smési po namichani v nasypce sifi-
kaciho stroje, teplota vzduchu v tunelu v misté zkousky, teplota betonu bezprostiedné
po nastiikani a pfi kaZzdém uskutecnéném méfeni charakteristickém pro "'mlady" stfi-
kany beton (do 24 hod. po aplikaci). Teplota vody z rozvodu v tunelu byla méfena pfi-
lezitostng, nebot nevykazovala vyznamngjsi vychylky teplot. Jeji hodnota v celém pri-
béhu roku kolisala od 5 do 8 °C

Méieni teplot

Méfeni teplot hmot pfed i pfi vlastni hydrataci se provadi od ledna roku 1999 v rozsahu
podle pfedchoziho odstavce az do doby sepsani tohoto Elanku, tj. do prasince roku
2000. Od kvétna roku 1999 se pouZiva receptura pro stfikany beton o pevnostni tfidé
B25 v nezménéné skladbé dvou namichanych zékladnich slozek na 1 m? tj. 400 kg
CEM 1 52,5, 1 700 kg kameniva pFirozené vihkosti frakce 0-11,2 mm (fokalita Uhy).
V dalsim textu jsou zamérné vybrany teplotni Udaje charakterizujici obdobi jednoho
roku tj. od kvétna 1999 do dubna raku 2000. Michéni smési se provadi v michame
(Oru-Marte) s nucenym obéhem vidy pro mnoZstvi odpovidajici 1/2 m* s edhadovanou
dobou namichani obsluhou po dobu zabirajici pfiblizné 1 minutu.

Cilem méfent teplot v intervalech urgenych pro sledovani narlistu pevnosti betonu do
stafi 24 hod. po nastfikani bylo pokusit se stanovit mozné vazby mezi redinou teplotou
betonové smési a prvotnimi hodnotami charakterizujicimi nabéh tuhnuti i pocatecnich
pevnosti. Je tfeba si uvédomit, ze faktord ovlivijicich méfeni je veliké mnoZstvi,
a proto bylo od samého pocatku zfejmé, Ze vysledky ziskané pfi kontrolnich zkoukach
na stavbé mohou mit pouze informativni a nikoliv prikaznou hodnotu. Stfikany beton
svoji vazbou na teplotu nemize vybocit mimo ramec standardnich betonovych smési
a zahajeni hydrataéniho procesu je tedy zavislé na teploté smési a okolniho prostre-
di. To je zvladté dllezité u nizsich teplot, které Ize charakterizovat rozsahem +5 az
+13 °C. Na zéakladé méfeni in situ jsou nize uvedeny teplotni vlivy i dalsi vstupy
ovliviiujici vyznamné zahajeni hydratace, proces tuhnuti i narlist pevnosti stfikaného
betonu aplikovaného suchym zpusobem.

+ Teplota skladovanych slozek stfikaného betonu (kamenivo, cement, voda, urychlujici
ptisada). Dominantni je s ohledem na mnoZzstvi kamenivo, které je mozné na stavhé
tunelu Mrazovka v nejmrazivéjsich dnech zakryt plachtou s tepelnou vlozkou a vzduch
naméfena ke dni provadénych kontrolnich zkou$ek v lednu roku 2000, nejvy$si pak
16,5 °C v kvétnu roku 1999. U ostatnich slozek suché betonové smési (cement v sile,

Introduction

The hydration process in concrete is accompanied by heat build-up, its cul-
mination and subsidence of the heat raise during the later phase of curing of
the concrete mass placed into a structure, The increase from the level of the
input temperatures of concrete components is a clear evidence of the begin-
ning of cement binder hydration, and it is directly associated with the course
of the cement mix setting and hardening. For sprayed concrete, which is
affected by more factors than standard in-situ concrete in the phase of its
application on an excavation surface, the time behaviour of the heat devel-
opment and subsidence is a very important indicator. In the phase of the
heat development, concurrently with setting, also the strength build-up is in
progress. The strength decides, above all, about fast stabilisation of the
excavation or about the possibility of spraying thicker layers of shotcrete on
both vertical and pendent surfaces of a tunnel cross section.

Check testing of sprayed concrete in the Mrazovka tunnel

The Mrazovka tunnel, namely its west tube, is being driven by the New
Austrian tunnelling method, with utilisation of the wet process of concrete
spraying. Shotcrete, together with pre-installed mesh, supporting lattice
girders and an anchorage system, forms the primary lining of the in
sequences excavated tunnel

According to the inspection and testing plan approved, check testing of
sprayed concrete of the lining is performed in the north part of the western
tunnel tube, built by Metrostav a.s., Division 5, regularly once in a month. As
a part of the testing, time behaviour of the shotcrete setting is examined by
means of the penetration needle, in the interval of 6, 15, 30 and 60 minutes
after its application by spraying. In the following phase, using the Kaindl-
Meyco apparatus, the required parameters are measured on pre-installed
pins which are used for calculation of the value of the starting-to-develop
strengths in the time intervals of 3, 6, 12 and 24 hours after the spraying
completion. In September of this year, testing with nails shotfired by Hilti DX
450 cartridge hammer was carried out, and the strength values calculated
substituting the values obtained by measurement of protruding parts of the
test nails and by reading the values displayed on the Tester 4 apparatus.
Considering the verified close similarity and reproducibility of the results,
the testing of primary sirengths will be carried out by a more operative
method using the Hilti cartridge hammer, starting from October 2000
Cylinder strengths, obtained on core samples taken from a defined testing
area of the lining, were determined with presses at the shotcrete age of 3
and 28 days. In addition to the records of the above mentioned testing, a
written record of the progress of the activities associated with the testing
was maintained collecting important technical data. In this record, the types
of machines and accessories of the equipment fleet used, their operational
setting, and assessment of the manner of spraying by the nozzle operator
were recorded. The time of spraying and the accelerator additive dosing
were measured at a constant weight of the mix (corresponding to 2 m® of
shotcrete) and at constant mix composition, then the actually achieved out-
puts of the shotcrete machine and the percentage of the accelerating addi-
tive relative to consumed cement were calculated. In addition, ambient tem-
perature al the aggregates stock-yard, aggregates lemperature at the stock-
yard, the mix temperature at the hopper of the mixer after mixing, ambient
temperature inside the tunnel at the testing location, shotcrete temperature
both immediately after spraying and within 24 hours after spraying (green
concrete) were measured and recorded systematically. The temperature of
water in the tunnel distribution system was measured occasionally since it
exhibited no significant variations. Its value varied from 6 to 8°C during the
whole year.

Temperatures measurement

Measurement of temperatures of materials both before and during the hydra-
tion proper, in the scope described in the preceding paragraph, has been
carried out since January 1999 by now, i.e. by the time of writing this article
in December 2000, Since May 1999 the formulae for sprayed concrete grade
B25 has been used with unchanged content of two base mix components for
1m°, i.e. 400 kg of CEM 1 52.5 and 1,700 kg of aggregate fraction 0-11.2 mm
(from Uhy location) with natural moisture content. For the following text, the
temperature data were chosen characterising a period of one year, i.e. the
period from May 1999 to April 2000. Shotcrete mixing is carried out in a mix-
ing plant (Oru-Marte) with forced circulation, always for the volume corre-
sponding to 1 m*, with the anticipated time of mixing by the operator about
1 minute.
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Tunel

voda) nebyly teploty pravidelné méfeny. S ohledem na moznou vyraznou zménu
viskozity urychlujici pfisady vlivem pohybu teplot a z ni vyplyvajiciho niz§iho dév-
kovani ¢erpadlem nastavenym v relaci k vykonu stiikaciho stroje byly kontejnery
s pfisadou v uvedeném obdobi zdsadné skladovany v tunelu. Ve dnech, kdy teploty
v tunelu v misté skladované urychlujici pfisady klesly pod 10 °C, byly kontejnery s pfif-
sadou pfed pouZitim zblizka zahfivany lokalnim teplovzdu$nym zdrolem

« Vihkost kameniva na skladce. Na skiddce stavby kryté proti desti byla naméfena
nejvy88i pfirozend vihkost kameniva 5,1 % v inoru roku 2000, nejniZ8f pak 3,0 % v Cer-
venci roku 1999. Vlastni vihkost kameniva m4 vliv na zahajenl hydratace cementovych
gastic a z_ni plynoucl navysen! teploly namichane smési. Vinkost limituje technolo-
gickou moZnost zpracovani suché smési (asi 1,5 hod.) bez 2trat na pribéhu i konecné
pevnosti stiikaného betonu. Pfl pfekrodenl nad 5,5 % se muZe zvySit lepivost smési
nad hodnotu pfipustnou pro spravnou funkel sifikaciho stroje (ucpavani kukoveho
kolena). Vihkost spolu s teplotou smési v zavislosti na dobé od namichani smési miZe
nastartovat hydrata&ni proces a vymezit vstupni teplotu v nasypce stiftkaciho stroje.

+ Teplota vzduchu v tunelu. Po namichani je sucha smés dopravovana auto-mixy o objemu
4 m® ke stitkacimu stroji. Zatimco teplota vzduchu v misté stfikaciho stroje neni vy-
znamna s ohledem na relativné kratkou dobu do okamziku dal$iho zpracovani, teplota
vzduchu v misté aplikace rozhoduje o pribéhu hydratace a teplot velmi vyraznym
zpusobem Teploty vzduchu na Celbach jsou u relativné malych profilli ¢lenéného vy-
rubu pfi del$ich Usecich tunelu vyrazné vy3$si neZ venkovni teploty s vyjimkou teplych
letnich dni. Jsou ovlivnény zejména mnozstvim vyménovaného vzduchu pfi vétrani
a jsou velmi zavislé od vyhfivani vzduchu ¢innosti motor( nasazenych strojd i zahfi-
vanim od teplych ploch nastfikaného betonu priméarniho osténi s Cerstvé probihajicim
hydrata¢nim procesem

« Teplota podkladu. Teplota lice vyrubu €i jiz nastfikane vrstvy betonu ma bezesporu
velky vliv na dal$i posun teploty nastfikaného betonu a dalsi pribéh hydratace. V pfi-
padé kontrolnich zkougek véak z provoznich a zejména bezpecnostnich dlvodd neby
lo moZné provadét kontrolni ndstiik na lic vyrubu posledniho zabéru. Ve viech pfipa-
dech bylo proto na vybraném misté v tunelu odstranéno primarni osténi vEetné vyztuze
na plode cca 1 m? a proveden stitkany beton na horninu do sfly pGvodnfho osténi za co
moZn4 stejnych podml'nek jako na Celbé. S ohledem na pfiblizné denni pfedstih pracl
pii odstranovani vymezené plochy osténi pro zkousku nebyla teplota obnazené horniny
pravidelné méfena, a vychazelo se z fakiu, Ze teplotné byla ovlivnéna teplotou vzdu-
chuv prlslusnem prifezu tunelu. Otazka teploty podkladu-horniny je véak velmi dile-
Zita predev$im pfi provadéni tenkych stabilizujicich vrstev stfikaného betonu v zimnich
mésicich na plochy portélovych stén a svahl i na lic vyrubu pfi rozrazkach &i kratkych
vzdalenostech Gelby tunelu od portéalu. Nizké teploty vzduchu mohou sniZit pfi poma-
lejsich postupech i tak nizkou teplotu obnaZené horniny (zpravidla 7 az 9 °C) a pfi
malém hydratacnim teplu slabé vrstvy betonu, hydrataci i nabéh pevnosti vyrazné zpo-
malit ¢i zastavit. V ramei provadénych méfeni vSak teplota podkladu nebyla sledovana
a do zavérd neni zahrnuta.

« K vyznamnym materidlovym vstupdm by bylo sprdvné zahrnout proménnou reaktivitu
cementu k urychlujici pfisadé danou, kromé chemického sloZeni cementu, jemnosti
namleti cementového slinku a dobou uloZeni cementu od jeho vyroby v sile. | kdyZ re-
aktivita cementu k urychlujici pfisadé byla zislovana, nebyl tento faktor do nize uve-
denych zavérl zahrnut,

Dalsimi proménnymi ovliviwjicimi dilgim zpusnbem pribéh teplot & nabéh pevnosti
stiikaného betonu byly provozni zmény zplisobené lidskym faklorem:

» Doba michani smési v michacim bubnu s nucenym obéhem materilu. Pokud neni doba
michani smési zabezpecena nastavenim nezavisle na obsluze micharny, mdze mit del3i
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The objective of the temperature measurement at intervals prescribed for
monitoring of the process of the strength build-up in concrete by the age of
24 hours after spraying was to try to determine potential relations between
actual temperature of the concrete mix and primary values characterising
time behaviour of both setting and initial strengths. It is necessary to realise
that there is a number of factors influencing the measurements. Therefore, it
has been obvious since the very beginning that the value of results obtained
from the field check testing can be considered as informative only, not con-
clusive. Sprayed concrete, due lo its dependency on temperature, can not
get out of the framework of standard concrete mixes. Therefore, the begin-
ning of the hydration process depends on the mix and ambient tempera-
tures, This is extremely important for lower temperatures, which can be char-
acterised by the range of +5 to +13°C. Following temperature-related effects
and other inputs affecting considerably the beginning of hydration, the
process of setting and the time behaviour of the wet-mix sprayed concrete
strengths were determined on the basis of in-situ measurements:

» The temperature of stored components of sprayed concrete (aggregates,
cement, water, accelerating additive). Considering the volume, the aggre-
gates dominate. They can be, on the Mrazovka tunnel site on the most frigid
days, covered with a tarpaulin with a thermal protective layer, and the air
under the tarpaulin can be heated by air-healing sels. The lowest aggre-
gates temperature of 0°C was measured on the day of check testing in
January 2000, the highest one of 16.5°C in May 1999. The temperature of the
other components of the concrete mix (cement in the silo, water) was not
measured regularly. With respect to the possibility of a significant change in
viscosity of the accelerating additive due to temperature changes, resulting
to lower volume of doses supplied by the pump adjusted in relation to the
spraying machine output, the containers with the additive were stored inside
the tunnel in the above mentioned time. On the days when temperatures in
the tunnel, at the spot where the accelerating additive was stored, dropped
below 10°C, the containers with the additive were heated up by a local air-
heating source before their application

« Stored aggregates moisture content. The highest aggregates natural mois-
ture content of 5.1% was measured at the site stock-yard covered against
the rain in February 2000, while the lowest value of 3% in July 1999. The
aggregates natural moisture content affects the beginning of cement parti-
cles hydration and the resulting increase in the temperature of the mix. The
moisture content limits the technical possibility of processing the wet mix (to
about 1.5 hours) without losses of the sprayed concrete strength, both in the
course of curing and at its end. When the moisture content is higher than
5.5%, the adhesive power of the mix can cross the value acceptable for the
proper function of the concrete sprayer (an exhaust elbow plugging). The
moisture content, together with the mix temperature, can, depending on the
time from the mixing completion, start up the hydration process and deter-
mine the input temperature in the hopper of the concrete sprayer.

» Ambient temperature inside the tunnel. After mixing, the dry mix is trans-
ported by 4 m® truck-mixers to the spraying machine. While the ambient
temperature at the spraying machine location is not important with respect
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doba michani viiv na zvy3enl teploty suché betonové smési. Napf. pfi teploté smési
13 °C doslo prodiouZenim doby michani z 1 minuty na 3 minuty ke zvy3eni teploty na 15 °C.
« V uvedeném obdobi byl do kontrolnich zkou$ek zahmut stitkany beton provadény
ru¢né (bez manipulatoru AL-500 na podvozku Dieci). Stitkaci stroj byl s ohledem na
misto kontrolni zkousky v ¢lenéném vyrubu tunelu umisfovan ve vzdalenosti 20 az
130 m od mista aplikace. Akoliv vliv délky pfivodnich hadic a potrubl neni z tabulky
prokazatelny, bylo mimo rémec uvadénych zkou$ek ZJ|sIeno Ze pii vzdalenostech
vétSich neZ cca 150 m dochazelo ke znacnému zvyseni teploty nastfikané smési ziej-
mé vlivem tfeni v piivadnim potrubl.

+ Nastaveni provoznich pomérd (nastaven( vykonu varidtorem, nastaveni mnoZstvi
a tlaku vzduchu, nastaveni poméru horniho a spodniho vzduchu) na stroji pro stifkany
beton (typ Aliva AL-285) bylo provadéno obsluhou podle mistnich podmlnek | kdyz
tyto Upravy nemély bezprostfedni viiv na teplotu smési, souvisely pfimo s pomérem
davkovani urychlujici prisady, klera byla navic davkovéna odliné podle zkudenosti
obsluhujiciho pracovnika pro stilkdnl riiznych Gasti konstrukce primarniho osténf (klen-
ba tunelu, boky, spodnl kienba). MnoZstvi urychlujici pfisady ma v8ak velmi podstatny
vliv na pribéh hydratace, narist teplot stilkaného betonu a v souladu s tim i na pev-
nosti zjitované penetraénimi zkougkami,

» MnoZstvi vody pfidavané do trysky. Je zavislé pfi aplikaci stfikaného betonu suchym
zplsobem zcela na zku$enosti lovéka obsluhujiciho trysku. Pii nedostatku ptidavané
vody se vyrazné zvy$uje spad, av§ak Utinnost urychlujici pfisady je podstatné vy3si
a projevuje se okamzitym rychlym nabéhem teploty i pevnosti stftkaného betonu v kon-
strukci. Naopak pfi prebytku pfidavané vody dochazi zpravidla k nizkému spadu
soucasné vak se snizuje G&innost urychlujici pfisady a ta se projevi pomalejSim na-
b&hem teploty. Vysledkem je vyrazné zpomaleni nardstu pevnosti stitkaného betonu.

» Kolmost nastiiku, vzdalenost trysky od podkladu, rychlost proudu smési. Tyto vlivy
jsou standardni bez ohledu na teplotu betonové smési a rozhoduji zejména o mife
zhutnéni, uréuji mnoZstvi spadu i pocateéni a kone&né pevnosti stiikaného betonu. Pfi
vétsl odchylce proudu smési od kolmého sméru (Uhel dopadu mensi neZ 80°) dochazi
kromé zvyseného spadu také k nizdimu zhutnéni, a tim ke snizeni moznosti dosaZeni
pevnosti danych recepturou pouzitého betonu. Nevhodné je zejména prace s vysokou
vystupovou rychlosti proudu betonu z trysky, kterd vede zpravidla ke zvySeni vzda-
lenosti trysky od podkladavého lice na vzdalenost vétsi nez 1 az 1,2 m. Zejména pro
yzdalenosti trysky nad 2 m od podkladu dochazi k vypra$ovani jemnych ¢astic cemen-
tu, enormné se zvy$uje pradnast, zvétsuje se stopa dopadu proudu smési a soucasné
se snizuje jeji hutnici G¢inek. Castice smési dopadajici na podklad ochuzené o Cast
cementu se hlife vaZou a tento fakt se projevuje velkym spadem.

Praktické poznatky plynouci z méfeni teplot stfikaného betonu

Pfehled naméfenych teplot a zjisténé hodnoty pevnosti mladého stfikaného betonu za
obdobi jednoho roku, od kvétna 1999 do dubna 2000, jsou patrné z tabulky 1.

Z uvedenych hodnot Ize vyvadit tyto zavéry:

» vysledny pribéh teplot ve vztahu k nérustu méfitelngch pevnosti nenl vzhiedem k uve-
denym i dalsim nezminénym viivim jednoznagné vysvétlitelny,

s k prOkazu tvrzeni o pribéhu leplot a nabihajicich pevnosli nelze pouZit primérnych
hodnot. Na obrdzku ¢. 1 je znazornéna zavislost prdbahu teploty naneseného stfi-
kaného betonu na 2ase z méfenl provedeného 18, 4. 2000, kterou lze podle nazori
autor( povazovat za charakteristickou. Po potatetnim néristu teploty oviivnéném re-
akef urychlujici pifsady s cementem nastava mezi 1 hodinou a 3 hodinami po nastfikani
jejl stagnace. Teplota vyrazné narista teprve, kdyz nastava bézna vlastni hydratace
standardniho cementu dand jeho vyrobnim sloZenim, rznym nastavenim rezimu stfi-

to the relatively short time to the moment of further processing, the ambient
temperature at the place of application decides about the development of
the hydration process and temperatures significantly. Ambient temperatures
at tunnel faces are, for relatively small profiles of a sequential excavation of
rather long tunnel sections, expressively higher than outside temperatures,
with the exception of hot summer days. In particular, they are affected by the
volume of the air exchanged by ventilation, and they are very much depen-
dent on heating of the air by working engines of the machines used, and by
the heat developed by the fresh shotcrete areas of the primary lining where
the hydration process is in progress

« Temperature of the base. The temperature of the excavated ground sur-
face or of the already applied layer of shotcrete undoubtedly affects signifi-
cantly another increase in the applied shotcrete temperature and the further
progress of hydration. Although, in the case of the check testing, for opera-
tional and primarily safety reasons, it was impossible to perform the check
spraying on the ground surface excavated during the last advance.
Therefore, for all cases, the primary lining and reinforcement within an area
of about 1 m? were removed at selected locations and shotcrete applied on
the ground surface up to the thickness of the original lining, under the same
conditions as those existing at the face, if possible. The temperature of the
uncovered ground was not measured regularly with respect to the approxi-
mately one-day advance of the work on removing the area of the lining
selected for testing. It was assumed that its temperature was affected by the
temperature of air in the particular tunnel section. However, the temperature
of the base (ground) is very important particularly when thin stabilising lay-
ers of shotcrete are applied in winter months, on surfaces of portal walls and
slopes, as well as on the ground surface excavated at starting points of
attack or at a short distance of the tunnels faces from portals. Low ambient
temperatures can, at slower advances, reduce the naturally low temperature
of the uncovered ground (usually 7 to 9°C), and, at low hydration heat of a
thin shotcrete layer, significantly slow down or suspend the development of
strength. Although, the temperature of the base was not monitored in the
framework of the measurements, and it is not covered by the conclusions.

« [t would be appropriate to count as an important material input the varying
reactivity of cement and accelerating additive, which is determined, apart
from the chemical composition of cement, by cement cinder grinding fine-
ness and by the time of storing cement in a silo. Despite the fact that the
reactivity of cement and accelerating additive was determined, this factor
was not included in the conclusions referred to below

Other variables partially affecting the development of heat or strength of
sprayed concrete were operational changes caused by a human factor:

« The time of stirring the mix in a mixing drum with forced circulation of
material. If the mixing time is not ensured by pre-setting, independently on
the mixing plant operators, a longer time of mixing can cause an increase in
the temperature of dry concrete mix. For example, at the mix temperature of
13°C, the temperature increased to 15°C as a result of the mixing time
extension from 1 minute to 3 minutes.

+ In the above mentioned period, manually applied shotcrete (without
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kaciho stroje a davkovani roztoku vody s urychlujici pfisadou a je také provézena rych-
lym ndrlistem pevnosti betonu v tlaku;

+ nahéh pevnosti stifkaného belonu zaznamendva nejvétsi vychylky od primérnych
hodnot pravé v prvnich 24 hodindch. Vyplyvaji jednak z vlivu velmi nizkych vstupnich
teplot (25. 1. 2000), ¢i viivem poddavkovani urychlujici pfisady (24. 8. 2000). Také kombi-
nace ostatnich viivi zejména faktorl) vymezenych prisadou v irysce mé za ndsledek riizné
nabihajici méfitelné pevnosti. AvSak vzhledem k jednoznacnému trendu pribéhu naristu
pevnosti 1ze za sledované obdobi uvést prdmérné hodnoty, které jsou zndzornény na
abrazku €. 2.

Aby bylo dosaZeno nrlstu pevnosti v oborl J2 (konstrukéni stiikany beton), je na zé-
klade dosud ziskanych zkuSenosti a hodnot uvedenych v labulce 1 moiné konstalovat,
7e je nutné:

+ zajistil leplotu namichané betonové smési v nasypce sifikaciho stroje vy$si nez 10 °C.
Pod touto teplotou se nemusf ani za zvySeného mnostvi urychlujici pfisady rozbéhnout
hydratace poZadovanou rychiosti. Pro soucasné podminky stavby Mrazovka (dlouhy tu-
nel s vy&8imi teplotami oproli zimnim teplotdm pfed portdlem), by neméla teplota po-uzi-
vaného kameniva klesnout pod 4 °C;

» za optimalni teploty betonové smési pro aplikaci stfikdnim v nasypce stiikaciho stro-
je povaZovat teplotni rozsah od 13 do 25 °C;

+ v letnich dnech za horni hranici teploty betonové smési pred zpracovanim ve stiika-
cim stroji povazovat teplotu 25 °C (pokud jsou provadény nastfiky vrstev osténi sil-
néjsich neZ 20 cm a teploty v tunelu [sou vyssi nez 20 °C), kdy kombinaci Ginku leplol
a Urychlujici piisady dojde sice k dalsimu znaénému posunu teplot a k rychiému rozvo-
ji pocatecnich pevnosti, avéak za cenu sniZeni 28 denni pevnosti stfikaného betonu;

+ pii davkovani tekuté urychlujici pfisady Prestix 71 nepodkrocovat hodnotu 7 % vigi
hmotnosti cementu

Zavér

Vzestup teploly betonové hmoty 18sné po aplikaci stitkaného betonu suchym zpiso-
bem je jednoznadnym prikazem spravné funguijicl aplikace konstrukéniho stfikaného
betonu. | kdy? vstupd ovliviiujicich prabéh teploty pfi zrychleném hydrataénim procesu
je znacné mnoZstvi, snahou autord bylo vytipovat alespofi nejzakladngjsi z nich. Do-
drzovani uvedenych poznatkd by mohlo pfispét k aspéSnosti provadéni stitkaného
betonu na nékleré budoucl vétsl stavbé s podobnymi nebo shodnymi vyrobnimi i pro-
voznimi podminkami jako u tunelu Mrazovka
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AL-500 manipulator mounted on Dieci undercarriage) was included in the
check testing plan. The concrete sprayer was, with respect to the check tes-
ting location (in a sequential tunnel excavation or in its full-profile part) placed
at a distance of 20 to 130 m from the application place. Despite the fact that
the influence of the length of supply hoses and piping can not be proved by
the table, it was found out beyond the framework 6f the displayed tests that,
at the lengths over about 150 m, significant increase in the temperature of
applied mix occurred, probably as a result of friction in the supply piping

» Pre-setting of operational conditions (pre-setting of the oulput using the
variable speed gear-box, pre-setting of the air volume and pressure, pre-set-
ting of the upper to bottom air ratio) on the concrete sprayer (Aliva AL-285
type) was performed by operators according to local conditions. On the one
hand, these adjusiments had no direct influence on the mix temperature. On
the other hand, they directly related to the ratio of accelerating additive dos-
ing, which was, on the top of that, dosed differently, according to the expe-
rience of a particular operator in spraying on various parts of a primary lining
(tunnel roof, walls, invert). But the volume of the accelerating additive affects
significantly the hydration process, time behaviour of the shotcrete tempera-
ture, and thus the strengths determined by penetration tests too.

» Volume of water added to the nozzle. At wet shotcreting, it fully depends
on the experience of the nozzle operator. If the volume of the added water is
insufficient, rebound is expressively higher, but the efficiency of the accele-
rating additive is substantially higher, which results in an immediate fast
development of heat and strength of shotcrete in the structure. On the con-
trary, if the volume of the added water is excessive, the rebound is usually
low, but the efficiency of the accelerating additive is reduced, which is man-
ifested by slower development of heat. As a result, the development of shot-
crete strength is considerably slower.

o Perpendicularity of spraying, distance of the nozzle from the base, veloci-
ty of the mix flow. These effects are standard, irrespective of the concrete
mix temperature, and they decide the compaction rate, determine the vol-
ume of rebound as well as the initial and final strength of shotcrete. If the
mix flow declines more from the perpendicular direction (the angle of inci-
dence less than 80°), there occurs, apart from increased volume of rebound,
also lower compaction resulting in a diminished possibility that the strengths
given by the formulae for the concrete used could be achieved. In particular,
application of high outlet velocity of the mix flow from the nozzle is unsuit-
able since it usually results in an increase of the distance of the nozzle from

[5] P. Poldk: Vybrané poznatky z aplikaci stfikaného betonu (Tunel 4/93) the bedding surface over 1 to 1.2 m. With the nozzle distance over 2 m
—
Tab. | Vysledky méfeni pfi kontrolnich zkou§kach Den kontroln( zkougky 1 B
Table | Results of measurements taken at the check testing 25.5. 1999 22.6. 1999 20. 7. 1999 24. 8. 1999 20. 9. 1999
teplota kameniva na skladce
temperature of aggregate at stock-yard [°C] 16.5 13,2 16.0 e Bl
teplota betonové smési v nasypce stikaciho stroje
temperature of concrete mix in the hopper 25,0 21,5 28,0 22,0 25,0
of the concrete sprayer [°C]
teplota betonové smési bezprostiedné po nastiikani
temperature of concrete mix just after application [°C] 20 25,2 28,0 AN S
teplota vzduchu v tunelu v misté zkousky
air temperature in the tunnel at the testing place [°C] 1752 21,0 290 219 = !
=l
davkovani urychlujici pfisady Prestix 71 [u/c]
dosing of Prestix accelerating additive [a/c] [%] £ 9.0 e 8,0 12,5 I
pribl. délka potrubf a hadic od stfikaciho stroje k trysce !
approximate length of hoses and piping 40,0 90,0 90,0 95,0 120,0
from the concrete sprayer to the nozzle [m] |
tepl(‘na I [epl?ta ) lepl(?lal leplQla i leplgla | p‘:;glgi
metoda zkougeni interval ZKOUSENT  |iumau | baan | beions | vasts | vaims [ et |+ inen | baoms | et | | b | s [roovect] topite | mamolhy
{ { i bient { ! bi f bie Jolf bit !
testing method testing interval [ 4uoort| ceroe| o) bt | onert| | e | concrete| concrte ambln | conrte conree ambint | conca| concr” g
in tunnet in tunnel i tunnet in tunnel in tunnel F
penetracni jehla/penetr. needle min 6 176 [ 2563 [ 032 | 210 | 252 | 0,40 | 23,0 | 29,9 | 0,36 | 21,3 | 20,0 22,6 | 33,1 | 1,00 H_'.
dtto min. 15 175 | 255 [ 038 | 210 | 254 | 050 | 23,0 | 30,2 | 0,45 | 21,3 | 20,0 226 | 340 | 11 _1 1::
dtto min, 30 17,5 | 252 | 0,40 | 21,0 | 254 | 0,57 | 23,0 | 306 | 053 | 21,3 | 20,5 | 0,25 | 22,6 | 34,0 | 1,30 Fﬂ_‘ﬁ
dtto min 60 18,0 | 242 | 051 | 21,0 | 255 | 075 | 23,0 | 308 | 0,69 | 21,3 | 205 | 0,36 | 22,6 | 34,0 | 1,50. 11_5
dtto min, 120 180 | 253 | 075 | 225 | 27,0 | 1,10 | 230 | 31,5 | 1,00 | 21,3 | 21,6 | 0,58 | 22,6 | 34,0 | 1,70- 11_&
Meyco-Kaindl hod. / hours 3 18,0 | 281 12 225 | 310 | 32 235 | 356 18 2151230 ) 08 [ 225 | 348 | 21. EE
dtto hod. / hours 6 175 | 326 | 46 | 205 | 340 | 7.8 225|405 | 68 | 220 | 270 | 43 | 220 | 39,0 | 6.0 20'6
dtto hod. / hours 12 150 | 305 | 85 18,0 | 403 | 132 | 220 | 380 | 114 | 190 | 265 | 90 | 220
dtto hod. / hours 24 17,0 [ 310 | 16,0 | 20,0 | 432 | 182 | 21,5 | 385 | 17,0 | 200 | 21,0 | 149 | 200
jadrové vyvrty/core samples dny / days 8 17,0 | 220 | 247 | 18,0 | 264 | 26,4 | 200 | 305 | 22,1 | 20,0 | 21,0 | 194 | 22,0
dtto dny / days 28 170 | 220 | 28,7 | 180 | 250 | 295 | 200 | 24,5 | 26,8 TJ,OI .20‘6 27,7 1220
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above all, fine cement particles are dusted out of the mix, the rate of air-
borne dust increases enormously, the trace of the mix flow stroke is larger,
and, in the same time, its compacting effect is lower. The mix particles,
missing a part of cement, do not bind properly when they hit the surface
This fact results in a large volume of rebound.

Practical knowledge obtained from the sprayed concrete
temperatures measurement

Table | gives the survey of the temperatures measured and the values of the
strength of green shotcrete determined in a one-year period from May 1999
to April 2000.

Following conclusions can be deduced from the stated data:

» The resulting time behaviour of temperatures, in relation to the develop-
ment of measurable strength, is not, considering the stated and other
unmentioned effects, explicitly interpretable.

« Average values can not be used to prove the assertion regarding the time
behaviour of temperatures and development of strengths. The time depen-
dence of the time behaviour of temperature of applied shotcrete derived
from the measurement dated 18/04/2000, which can be, in the authors' opi-
nion, considered as characteristic, is shown in Fig. 1. After an initial
increase in the temperature affected by the reaction of the accelerating
additive and cement, there occurs its stagnation between 1 hour and 3 hours
after the mix application. Only when the common hydration of standard
cement proper starts, which depends on fts manufacturing composition,
does the temperalure increase expressively, followed by increase in the
concrete compressive strength

» Development of the shotcrete strength exhibits the biggest deviations from
average values just in the initial 24 hours. They result, for one thing, from the
influence of low initial temperatures (25/01/2000), and for another, from the
effect of underdosing of the accelerating additive (24/08/2000). Also the
combination of the other influences, the factors depending on varying pre-
setting of the regime of the concrete sprayer and dosing of the water-acce-
lerating additive solution in the nozzle above all, results in differences in
development of measurable strengths. Although, considering the unambigu-
ous trend of the time behaviour of the strengths development, it is possible to
use the average values from the monitored period which are shown in Fig. 2.
Based on the experience gained so far and on the values displayed in Table

« to ensure the temperature of the concrete mix in the hopper of the con-
crete sprayer higher than 10°C. If the temperature is lower, the hydration
does not have to start at the speed required even if the volume of the accel-
erating additive is increased. For the current canditions af the Mrazovka sile
(a long tunnel with higher temperatures compared lo the winfer time temper-
atures in front of the portal), the temperature of aggregates used should not
drop below 4°C

« to consider the temperature range from 13 to 25°C as optimal for the tem-
peratures of sholcrete mix in a spraying machine hopper

« to consider the temperature of 25°C as the upper limit for the temperature
of concrete mix before its processing in the concrele sprayer in summer
(unless spraying of the lining layers thicker than 20 cm is performed, and
temperatures inside the tunnel are higher than 20°C), since, on the one
hand, another considerable increase in temperatures and a rapid develop-
ment of initial strengths occur owing to the combination of the effect of tem-
peratures and an accelerating additive, on the other hand, the 28-days'
strength of shotcrete diminishes.

« to use higher ratio than 7% when dosing Prestix 71 liquid accelerating
additive, in relation to cement weight

Conclusion

The increase in the temperature of shotcrete just after the wet-mix applica-
tion proves explicitly that the structural sprayed concrete was applied in a
correct manner. Despite the fact that there is a number of inputs affecting
the time behaviour of temperature at an accelerated hydration process, the
authors lried to select at least the most fundamental ones. Adherence to the
stated pieces of knowledge could contribute to the success of sholcrete
application on some of the larger construction sites where the production
and operational conditions will be similar to or identical with those of the
Mrazovka tunnel.
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| Date of check testing pramér
19. 10. 1999 23. 11. 1999 14. 12. 1999 25. 1. 2000 15. 2. 2000 21. 3. 2000 18. 4. 2000 average
6,7 4,0 5,0 0.0 4,3 55 10,5 9,4
13,0 11,5 11,0 4.0 13.0 13,2 17,2 17,0
21,0 12,0 15,0 9,0 22,0 16,0 19,0 20,2
11,0 8,0 11,0 7,0 12,0 16,0 1548 15,5
9,3 95 9.0 85 8,0 13,0 7,0 8,9
105,0 100,0 40,0 40,0 120,0 130,0 20,0 82,5
1 leplota teplota leplota ' teplota ! teplota leplota leplola
;‘proslfed\' leplota | pevnost | pirostiodi| teplota | pevnost | prestiedi| teplota | pevnost |prostiedi| leplota | pevnost |prostiedi| teplota | pevnost [prosifed|| teplota | pevnosl | prosifedi | teplola | pevnost primérna pevnost
f tunelu | belonu | betonu | viunelu | betonu | belonu | vtunelu | betonu | betonu | vluneiu | betonu | betonu | vtunelu | belonu | betonu | vtunelu | betonu | betonu | vtunelu | betonu | betonu betonu
. @mbient | gancruter | concrete | ambient | concrete | concrete | ambient | concrele | conciets ambient | concrete | concrete | ambient | concrete | concrete | ambient | concrete | concrete | ambient | concrete | concrete average concrete
lemp temp. strength | temp temp. | strength | temp. temp. | strength | temp. termp strength | temp temp | strength | lemp temp. | strength | temp temp. | strength strength [Mpa]
n tunnet in tunnel in tunnel in tunnet in tunnel in tunnel in tunnel
! 110 (235|050 | 80 | 130|071 | 11,0 {162 [031 | 70 | 90 120 | 240 | 080 | 160 | 185 | 037 | 155 | 199 | 0,40 0,52
110 [ 237 (055 | 80 | 139 | 088 | 110 | 170 | 040 | 7.0 | 96 120 [ 250 | 1,20 | 160 | 185 | 050 | 155 | 20,5 | 055 0,65
110 240 | 075 | 80 | 140 | 095 | 110 | 178 | 055 | 70 | 100 120 | 230 | 1,30 | 16,0 | 190 [ 0,60 | 155 | 21,0 | 0,69 0,72 [
110 ] 236|090 80 | 150 |1.10 | 130 | 188 | 060 | 60 | 102 12,0 | 220 | 150 | 160 | 200 | 0,82 | 155 | 21,3 | 0,89 0,87 [
110|230 1,10 80 | 150 | 120 | 135 | 196 | 080 | 60 | 112 | 028 | 120 | 220 | 1,80 150 | 210 | 100 | 155 | 210 | 0,95 1,03 !
13,9 210 | 15 | 110|160 | 15 | 135|195 | 10 | 60 [ 115 | 04 | 130 | 21,8 | 30 [130 | 210 | 1,4 | 155 | 210 | 11 1,58 |
20.0_ 244 | 47 [ 100 | 193 | 25 | 185|230 | 14 | 50 | 135 | 06 | 130 | 260 | 49 [132 | 230 | 22 | 155 | 242 | 25 4,03
200 | 335 | 88 | 87 | 225 | 43 | 110 31.0_ _4,7_ 4.0 ! 220123 | 130|250 [ 70 | 130 | 254 | 47 | 155 | 292 | 80 7,65
180 | 210 | 140 | 80 | 180 | 80 | 100 | 250 [ 105 | 40 | 230 | 82 | 120 200 | 126 | 120 | 210 | 116 | 160 [ 225 | 117 13,05
180 | 210 | 218 | 87 | 200 | 172 | 100 | 250 | 193 | 40 [ 150 | 186 | 120 | 150 | 255 | 120 | 140 | 239 | 150 | 200 | 21,0 21,74
180 | 210|304 | 80 | 160 | 229 | 100 | 250 | 27,0 | 40 | 150 [ 273 | 120 | 150 | 296 | 120 | 14,0 | 274 | 150 | 180 | 28,0 27,62
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KANALIZACE A CISTIRNA ODPADNICH VOD
PRO MESTO DECIN

SEWERAGE AND STP FOR DECIN TOWN

ING. OTAKAR FABIAN, ING. DANA HADACOVA, TUBES, s. r. 0., PRAHA

1. Uvod

Vystavba kanalizace a ¢istirny odpadnich vod v D&&ing je po realizaci napf.
stoky "Y' v Usti nad Labem nebo kanalizadniho shéra&e XlIl v Liberci daldf
akel z programu PHARE v ramci Programu pfeshrani¢ni spoluprace (Cross
Border Cooperation - CBC).

Jeji realizaci podminil zejména nevyhovujic stav likvidace splaskovych od-
padnich vod ve mésté D&ging. Odpadni vody jsou zde v sou¢asnosti jed-
notlivymi pfevazné jednotnymi stokami odvadeny pfimo do Labe, piipadné
do Plou¢nice. Dochazi tak k dlouhodobému negativnimu plsobeni na Zivotni
prostiedl v povodi Labe. Realizovana investice zajisti podchyceni hlavnich
viusti stok pa pravém i levém bfehu Labe a jejich odvedeni na projekto-
vanou Eistirnu odpadnich vod v Boleticich. Na pravém biehu Labe budou
podchyceny stoky XIII, XIV, XXIV a &4st stoky XX. Na levém bfehu Labe
budou podchyceny stoky I, 111, IV, V. Zaroven bude vybudovan zakladni sys-
tém odkanalizovani mésta na Eistirnu odpadnich vod, ktery bude dale
dopliiovan v dalgich etapéch vystavby.

Celkové bude podchyceno asi 70 % veskerych odpadnich vod. Podchyceni
dal¥ich stok bude néstedovat v dalgich etapach vyslavby.

Generalnim dodavatelem dila jsou Vodehospodarske stavby Teplice, s. 1. 0.,
dodavalelem raZenych ¢asli shérace ‘A" a "B* EREBOS Malé Svatonovice,
§. 1. 0., investorem a inZenyrem stavby je SVS$ Teplice, generainim projektan-
tem je SEVK Liberec a projektantem realizacnich projektd je TUBES, s. r. 0.,
Praha.

Vystavba kanaliza&nich sbéradii *A" a "B* v D&&ing zapocala na podzim 1999
a dokon¢ena bude do konce roku 2000.

2. Strucny popis dila

Utelem stavby je podchyceni maximalniho mnoZstv( odpadnich vod z mésta
Décina a jejich odvedeni na piipravovanou &istirnu odpadnich vod v Bo-
leticich. Zaroven bude vybudovan zakladni systém odkanalizovani mésta na
Cistirnu odpadnich vod, ktery bude dale doplfiovan v dalsich etapach vy-
stavby.

Zakladem systému je shérac "A", ktery podchyti hlavni stoku V z D&&ina a Ji-
lového na levém behu Labe. Odpadni vody budou gravitaéné svedeny do
hiavni erpaci stanice odpadnich vod €S V. Odtud budoy odpadni vody Ger-
pany kanalizaénim vytlakem 2x DN 800 na &istirnu odpadnich vod. Odpadni
vody ze stk IV, IIl & 1| budou podchyceny a lokdlnimi éerpacimi stanicemi
budou pfecerpavany pfimo do kanalizaéniho vytlaku 2x DN 600.

Sbérat "B* piivede do sbérage A" odpadni vody z pravého bfehu Labe.
Podchod Labe bude gravitaéni shybkou. Shéraé "B podchyll gravitaéné
stoku Xl a XIv.

Odpadnf vody stoky XX a XXIV budou do sbérace 'B" piecerpavany Cerpaci
stanici odpadnich vod ¢S Kamenicka.

Kanalizatni systém je jednotny a bude odvadét jak splaskové, tak i destové
vody.

Stavba dzce souvisi s otazkami tvorby a achrany Zivotniho prostfed| a kore-
sponduje zejména se snahami zlepsit kvality vady v Labi. Umisténi slok a vy-
tlakd vychazi z celkové koncepce feSent odkanalizovéni mesta Dé&in. Trasy
navrzenych stok, vytlakd a umisténi Gerpacich stanic byly projednény s ma-
Jiteli dotéenych pozemki a dotéenymi organizacemi.

Stavbu samotnou Ize rozdélit na tyto zakladni Gseky:

Celek 01 - sh&rag "A"

Stoky jednotné kanalizace 567 m
Vytlak odpadnich vod 3899 m
Cerpaci stanice odpadnich vod 4 ks
Napojovacf stoky 43 m
Celek 02 - sb&rag "B*

Stoky jednotné kanalizace 37m
Shybky 201 m
Vytlak odpadnich vod 417 m
Cerpac! stanice odpadnich vod 1 ks
Napojovaci stoky 48 m
Vefejna &ast kanalizaénich pfipojek 30m

1. Introduction

After completion of the sewer *Y* in Usti nad l.abem or the interceptor Xl in
Liberec, as an example, the sewerage and STP construction in Dééin town
represents another project covered by the PHARE program, realised in the
Cross Border Co-operation Program framework,

Implementation of this project is necessary because of the inconvenient con-
dition of the sewage disposal system in Dééin above all. Currently, waste
water empties directly into the Eibe or the Ploucnice rivers via individual,
mostly combined, sewers. As a result, the environment within the Elbe river
basin has been subjected to long-time negative effects. The investment
being realised will provide the interception of the mains outlets on the Elbe's
right and left banks, and the waste water diversion to the projected STP in
Boletice. On the Elbe's right bank, the wastes from the sewers Xil, Xiv, XXy,
and a part of the sewer XX will be intercepted, as well as the wastas from the
sewers Il Ill, IV and V on the left bank. Concurrently, the basic syslem car-
rying sewage to the STP will be built, to be further complemented during
other phases of the project.

In total, about 70% of all waste waters will be trealed. Treatment for sewage
from other sewers will be provided successively in other phases of the project.
The main contractor for the works is Vodohospoddiské stavby Teplice s.r.0.,
subcontractor for driven sections of the interceptors “A" and "B" is EREBOS
Malé Svatoriovice s.r.0., client and overall consultant is SVS Teplice, princi-
pal design engineer is SEVK Liberec, and detailed design is provided by
TUBES s.r.0. Praha.

Construction of the sewers "A" and "8" in D&cin started in the Autumn of
1999, and is due for completion by the end of the year 2000.

2. Brief description of the works

The project objective is to capture a maximum quantity of wastes generated
by Décin town, and divert them to the planned STP in Boletice. In the same
time, the town's basic sewerage system will be built, carrying sewage to the
STP. The system will be extended in other construction slages.

The principal element of the system is the interceptor "A", which will inter-
cept the trunk sewer V leading from D&&in to Jilové, on the Elbe's left bank.
Waste water will flow gravitationally to PS V, the main sewage pumping sta-
tion. The waste waler will be pumped from the station (o the STP viaa 2 x DN
600 mm-diameler rising main, Sewage from sewers IV, Il and Il will be inter-
cepted and pumped directly to a 2 x DN 600 mm-diameter rising main by
local intermediate stations.

The interceptor "B" will carry the wastes from the Elbe's right bank to the
sewer ‘A" The Elbe river will be passed under by a gravitational inverted
siphon. The interceptor ‘B" will intercept the sewers X!l and XVI in a gravita-
tional way.

The wastes from the sewers XX and XXIV will be pumped to the interceplor
'B° by the PS Kamenické4 intermediate station,

The sewerage system is combined, and it will drain both waste and storm walers.
The project is closely connected with the issues of environmental develop-
ment and protection, and corresponds, above all, to the efforts to improve
the Elbe's water qualily. The routes of the sewers and rising mains were
delermined on the basis of the overall conception of the Décin town's sewe-
rage system design. The routes of the sewers and rising mains, and location
of the pumping stations were agreed by the owners of affected properties
and affected organisations.

The project proper can be divided into the following basic sections:
Complex 01 - the interceptor "A*

Combination sewers 567 m
Rising main 3,699 m
Sewage pumping stations 4 Nos
Connecting sewers 43 m
Complex 02 - the interceptor B

Combination sewers 137 m
Inverted siphons 201 m
Rising main 417m
Sewage pumping stations 1 No
Connecling sewers 48m
Public part of connecting sewers 30m

3. Geological and hydrogeological conditions

The bedrock within the area consists of the Upper Cretaceous sediments of
the Czech Cretaceous basin, i.e. the Upper Turonian to Coniacian mari-




m—

37 10. ROCNIK, ¢. 1/2001

luncl

3. Geologické a hydrogeologické poméry

Skalni podklad dzemi buduji svrchnokfidové sedimenty Seské kiidové panve
- slinovce a vapnité jilovce svrehniho turonu az coniaku. Kvartérni pokryvné
formace jsou reprezentovany fluvidlnimi, deluvialnimi a antropogennimi se-
dimenty. Geologicky profil uzaviraji antropogenni navazky pfevazné rizno-
rodého slozeni a proménlivé mocnosti. Pokud se jedna o hydrogeologické
poméry, z vysledkd archivnich sond vyplynulo, Ze se Groved hladiny pod-
zemni vody pfevazné pohybuje v rozmezi 122,5 - 125 m n. m. Nejvy3$3i hia-
dina byla vyjime¢né& zaznamendna v Urovni asi 128 m n, m. Bylo tedy ziejmé,
Ze pfi vysokych stavech hladiny v Labi, odpovidajicich n-letym vodam, vy-
stoupi hladina podzemni vody nad niveletu dna sbéra&d A a B. Doporu¢enim
v zavéru hydrogeologického prizkumu tedy bylo provadét vlastni realizaci
stavby v obdobi nizkych &i primérnych stavl hladiny v Labi.

Jak jiz bylo uvedeno v podtitulu tohoto ¢lanku, geologické poméry v pfipadé
vystavby kanalizace a &istirny odpadnich vod jsou misty znaéné obtizné.
V dobé zpracovani tohoto &lanku byl jiz vyrazen cely sbéra¢ ‘B* a probihala
razba zavéretnych &asti usekl( sbérate "A". Presto v§ak muselo v prdbéhu
vystavby raZenych Usek( dila dojit ke korekei pfi€ného fezu $toly a v né-
kterych Usecich shérade "A" musela byt razba provedena za pouZiti ochrany
pfistropi §toly pomoci tryskové injektaze.

4. Nékteré zajimavosti v priibéhu realizace akce

V pribéhu jara 2000 doslo vzhledem k nepfiznivym kiimatickym podminkédm
(otepleni, desdté a nasledné vzduti hladiny v fece Labi) k zatopenf jiZz vy-
razenych Usekl sbérade "A". Hladina podzemni vody doséhla ve $tole drov-
né stropu, v nékterych pfipadech bylo v téZnich jamach zfetelné, Ze se hla-
dina podzemni vody nachazi i nad drovni stropu $toly. Po opadnuti hladiny
v Labi bylo dohodnuto, Ze dojde ke korekci pfi¢ného fezu $toly a naopak ke
zlep$eni prostiedi pro razbu tryskovou injektazi v pfistropi 8toly. Toto opa-
tfeni se tykalo asi 150 m razenych Gsekd.

Pfi vystavbé kanaliza¢nich fadl "A" a 'B" v Dé&¢iné byla kromé fady dal$ich
technologif hloubeni, specialniho zakladani, razeb a mikrotuneldZi, pouZita
na dvou mistech trasy metoda fizeného protladovani. Zvlasté obtiznym lse-
kem byla &ast trasy u KovoSrotu v délce asi 108 m. Teprve pfi provadéni pro-
tlaku bylo nalezeno pivodni opevnéni hréze, které bylo kryto vrstvou nava-
Zek tl, asi 2,0 m. Toto opevnéni bylo zastizeno v délce protlaku asi 45 m
a pfedchozim geologickym prizkumem nebylo signalizovano. Vzhledem
k problémim s vyskovou korekci protlaku a naslednému nebezpedi mozné
ztraty tlaéné sily bylo rozhodnuto &&st trasy protlaku se zastiZenym opev-
nénim aZ po toto opevnéni odtézit, protlaku "ulevit' a teprve poté pokracovat
v protladovani.

PFi razbé sbérace "A" byly misty zastiZeny znatné nepfiznivé geologické
podminky. V Gseku mezi tézni achtou 51 a CS V na bfehu Labe byl zastizen

Plivodné navrzeny profil
Original cross section

2 585 mm

stones and calcareous claystones. Quaternary cover formations contain flu-
vial, diluvial and anthropogenic sediments. The geological profile is closed
by anthropogenic made-ground, mainly of a heterogeneous composition and
a varying thickness. Regarding the hydrogeological conditions, the results
of archive probe holes showed that the water table altitude ranges from
1225 mto 125 m ASL. The highest water table was recorded as an excep-
tion at the altitude of about 128 m ASL. Thus it was obvious that at the high
level of the water surface in the Elbe, corresponding to 1 in N years flows,
the water table rises above the invert level of the interceptors "A" and "B".
Therefore, in its conclusion, the hydrogeological survey recommended that
the construction work proper be executed in a period of low or average level
of the water surface in the Elbe.

As mentioned above in the sub-title of this article, the geological conditions
of the sewerage and the STP construction are quite difficult in some parts.
When this article was being prepared, the drive of the whole of the intercep-
tor 'B" had already been completed, and driving of the final parts of the
interceptor "A" was under progress. Despite this fact, a correction had to be
made to the cross section of the gallery, and support of the gallery top hea-
ding by jet grouting had to be provided in the course of construction works
on the driven parts.

4. Interesting events in the course of the
interceptors construction

In the Spring of 2000, the sections of the interceptor "A" which had already
been excavated were flooded as a result of adverse climatic conditions (a
warm spell, rainfalls, and subsequently risen water surface in the Elbe river),
The water table reached up to the gallery roof. In several cases it was obvi-
ous in the hoisting shafts that the water table was even above the gallery
roof. When the water surface in the Elbe had dropped, everybody agreed
that the gallery cross section would be corrected and, on the other hand, the
conditions of the gallery top heading excavation would be improved by jet
grouting. This measure was adopted for about 150 m of the driven sections.
Apart from a number of other excavation, special foundation, driving and
microtunnelling techniques, the controlled pipe jacking method was used in
two places of the routes of the interceptors 'A" and "B" in Décin. Especially
difficult conditions were encountered on a 108 m-long route section close to
the Kovosrot company's area. As lately as during the pipe jacking execution
was an original dam face lining found, covered by an about 2.0 m thick layer
of a man-made fill. This dam lining appeared along an about 45 m-long sec-
tion of the pipejack. It had not been signalled before by the geological sur-
vey. With respect to the problems about the jacking level rectification and
from this work ensuing possible risk of a loss of thrust, it was decided that a
part of the pipejack alignment where the lining had been found be excava-
ted including the lining, thus to relieve the pipejack. Only then could the
pipe jacking operation be continued.

Very unfavourable conditions were encountered in the course of driving the
interceptor "A’, in the section between the hoisting shaft S1 and the pumping

Upraveny profil vé. ZajiSténi pristopi Stoly
Modified cross section incl. the roof support

2 050 mm

Obr. 1. Zmé&na profilu Stoly sbérace “A" v dusledku zajidténi velmi nepfiznivych podminek v prub&hu razby
Fig. 1. Change in the profile of the interceptor “A” gallery due to very unfavourable conditions during excavation
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mohutny balvan znaénych rozmérd. Jako nejjednodudsi reseni se jevilo - za-
bezpecit jej podepfenim a vyklinovanim a pojmout jej do obezdivky toly.
Castym jevem pii provadéni dila bylo zaslizeni starych zakladd pdvodni
zéstavby vcetné byvalych jimek. Stejné tak bylo potfeba podchytit a zajistit
mnozZstvi inZenyrskych siti v blizkosti vystavby jednotlivych stavebnich ob-
jektl na trase.

5. Zavér

Zplsob vystavby kanalizace v D&ging, kdy byla zvolena kombinace hlou-
benych a razenych dsekl (v&. bezvykopového provedeni shybek pod La-
bem), je pfes vy8e uvedené realizadni obtlZe mozno povaZovat za nejvhod-
nou, avdak v pfedchozich stupnich projektové dokumentace (zejména ve
stupni DSP) velmi dobfe pfipravenou a nyni zodpovédné realizovanou a in-
vestorsky kvalitné vedenou. Stavba izce souvisi s otazkami tvorby a ochrany
Zivotniho prostfed( a koresponduje zejména se snahami zlepsit kvalitu vody
v Labi. Zfetelnym zplsobem pfispéje ke zkvalitnéni Zivotniho prostiedi
v Dé¢iné. Znovu také dokaZe opravnénost a nutnost realizace staveb tohoto
typu v budoucnosti.

Obr. 1, 2. OdtéZeni ¢asti nadioZi pfi provadéni protlaku

Obr. 3 Castym jevem pii provadeni dila bylo zastiZeni starych zakladd plvodni
zastavby, véetné byvalych jimek. Stejné tak bylo pofeba podchytit a zajistit
mnoZstvi inZenyrskych sfti v blizkosti vystavby jednotlivych stavebnich objektd
na trase

Obr. 4. Phi razbé shérate ,A" byly misty zastizeny nepfiznivé geologické pod-
minky v Useku mezl 1éZnl Sachtou 51 a CS V na biehu Labe kde byl zastizen
mohutny balvan znatnych roznérd. Jako nejjednodusdl fegeni bylo rozhodnuto
zabezpedil jej podepfenim a vyklinovanim a pojmout jej do obezdivky $loly

station CS V, where a very large boulder was encountered on the Elbe's
bank. As a simplest solution, it was decided fo secure it by a support and
wedges, and [o incorporate it into the gallery lining:

Frequent phenomenons were old foundation of original buildings and aban-
doned sumps, encountered during the construction works. It was necessary
to underpin and secure a lot of utility services in the vicinity of individual
construction sites along the alignment.

5. Conclusion

The way chosen for the DéCin sewerage construction, consisting in a com-
bination of cut-and-cover and driven sections (including a trenchless exe-
cution of the inverted siphons under the Elbe), can be considered, disre-
garding the above mentioned problems of realisation, as the most suitable
and the safest for this area. This project was demanding, but it was pre-
pared very well in the previous designing stages (in the stage of the final
design above all), and now it is being implemented and managed by the
client in a responsible manner. The new system will be a pronounced contri-
bution to the quality of the environment in Décin, and will again prove the
advisability and necessity of this type of structures development for the
future.

Fig. 1, 2. Partial excavation of the overburden during the pipe jacking

Fig. 3 Old foundations of the original buildings including abandoned sumps
were encountered frequently. Also many utility services had to be underpin and
protect in the vicinity of individual construction sites along the route

Fig. 4. Unfavourable geological conditions were encountered locally at the dri-
ve of the interceptor A. A big boulder was encountered in the section between
the hoisting shaft S1 and PS V on the Elbe's bank. The solution was found in
underpinning and wedging the boulder and incorporating it into the gallery
lining.
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_VYSTAVBA SACHTOVE COV ROZTOKY
A INZENYRSKO-GEOLOGICKY DOZOR HLOUBENI

DEEP SHAFT FOR THE ROZTOKY STP CONSTRUCTION
AND ENGINEERING-GEOLOGICAL SUPERVISION

RNDr. JAROSLAV ALTMANN, INSET, s. r. 0. - K+K PRUZKUM, s. r. o.
ING. JAROMIR ZLAMAL, POHL cz, a. s.

1. UvoD

Cistirna odpadnich vod Roztoky pouzivala &istirenskou technologii, zalo-
Zenou na biologickych zkrapénych filtrech. S ohledem na malou kapacitu
a zastarald technologicka zatizeni byla navrzena rekonstrukce COV tak, aby
technologicky proces spliioval nafizeni vlady CR &. 171/92 Sb, Cistirna je
umisténa na jihovychodnim okraji obce na levém bfehu Vitavy mezi aredlem
statntho zamku Roztoky a Vyzkumnym tstavem antibiotik a biotransformact.
Zapadni hranici prostoru COV tvofi feka Vltava, kierd je od objektl gistirny
vzdalena 50,0 m.

2. VSEOBECNE UDAJE O STAVBE

ProtoZe prostor aredlu Cistirny je maly, byla navrzena intenzifikace stavajici
¢istirny odpadnich vod pomoci technologie ¢isténi odpadnich vod systémem
Deep Shaft Process, kde jako nitrifikaéni stupefl je pouZit systém Sachtové
aktivace s adplyfiovaci zénou. Sougasti systému Deep Shaft Process je kru-
hova 8achta o vnitfnfm prdméru provizorniho osténi 4,9 m a hloubce 60,0 m.
Sachta se nachazl v bezprostiedni blizkosti zamku - pamétkového objektu |.
kategorie. VéZ kaple, ktera tvofi sou¢ast z&mku, ma naruSenou stabilitu (je
trvale naklonéna). V blizkém objektu "B" je umisténo jedno z nejvétsich kon-
zervaénich a ozafovacich pracovist s kobaltovym zéaficem v CR.

7 geologického prizkumu bylo znamo, Ze v prostoru areélu ¢istirny je skalni
podklad, reprezentovany horninami svrchniho proterozoika (kralupsko-
zbraslavské skupiny), zakryt asi 8 m silnou vrstvou zemin kvartérniho po-
kryvu. Na povichu skalniho podkladu nejprve spocivéa tfimetrovd poloha
zvodnélych, dobfe propustnych $térkopiskovych fi¢nich naplavd; nad nimi
pak nasleduje pfiblizng ¢tyFmetrova vrstva tzv. povodiiovych naplavQ. Po-
vrch terénu lemuje 1 az 2 m mocna poloha hlinitokamenité navazky. Skalni

Obr. 1. P¥icny fez Sachtou
Fig. 1. Cross section through the shaft

1. INTRODUCTION

The sewage treatment plant (STP) Roztoky has been using a treatment tech-
nology based on biological sprinkling filters. With regards to the low capaci-
ty and obsolete technological equipment, the STP reconstruction was de-
signed, so that the technological process would fulfit the Czech Government
Statute 171/92 Coll. The treatment plant is located in the southeastern edge
of the village, on the left bank of the Vitava river between the area of natio-
nal chateau Roztoky and the research institute of antibiotics and biotransfor-
mations. The Vitava river, which is app. 50 m away from the building, repre-
sents the western border of the STP area.

2. GENERAL DATA OF THE CONSTRUCTION

Because the space of the treatment plant area is limited, an intensification of
the existing sewage treatment plant using the 'Deep Shaft Process” treat-
ment system was designed, where as a nitrification stage a system of shaft
activation with degassing zone is used. A circular cleaning shaft with inter-
nal temporary lining diameter of 4,9 m and depth of 60 m is a part of the
‘Deep Shaft Process" system. The shaft is located in immediate vicinity of
the chateau - monumentary building of first category. The chapel tower,
which forms part of the chateau, has a failed stability (it is permanently ra-
king). In the adjacent "B" building, one of the largest conservation and radi-
ation workplaces with cobalt radiant in CR is placed.

From the geological exploration it is known, that the treatment plant area lies
on rocky bedding, represented by rocks of the Upper Proterozoic (Kralupy-
Zbraslav group), covered with app. 8 m layer of loam of Quaternary overlay.
On the rocky bedding surface there is firstly 3 m of water-saturated, well
permeable sand-gravel river alluviums; then app. 4 m layer of so-called
flood alluviums follows above. The terrain surface is margined by 1-2 m thick
layer of loam-stony filling. The bedrock, consisting of solid silistones and

Foto ¢islo 1

Pohled na severni sténu $achty v Urovni 39 m pod povrchem terénu. Svétla
¢ocka v tmavé horniné reprezentuje hydrotermalni povlaky puklin v okoli
spilitové Zily, Mokré prostredi kladlo zvy8ené naroky na praci razi¢d.

Pic. 1

View on the northern shaft wall in the level of 39 m below the terrain surface.
Bright lens in the dark rock represents hydrothermal coat of the joint near
the spilite streak. Wet environment set increased requirements on the mi-
ners’ work.
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podklad, tvofeny pevnymi prachovci a drobovymi bfidlicemi bylo nutno roz-
pojovat trhavinami. S ohledem na malou vzdalenost dachty od pamatkové
chranéného objektu musely byt nepfiznivé Ginky trhacich praci omezeny na
minimum. V dobé& odstielu, nebo pfi stavebnich &innostech, vyvozujicich
dynamicke U¢inky, bylo konzervaéni a ozafovaci pracovisté dano mimo pro-
voz a kobaltovy z&fi¢ byl uschovan v ochranném pouzdfe. Cely areal zamku
je vybaven citlivym zabezpeCovacim zafizenim s otfesovymi gidly: tento sys-
tém bylo nutno pfed odstfelem rovnéz vypinat.

S ohledem na geologické a hydrogeologické poméry stavenité bylo za-
pazeni 8achty navrZeno z pilot vrtanych s vypaZnici priméru 630 mm a délky
7,15 m. Kruhové osténi $achty tvofi 34 pilot pfevrtdvanych o pfiblizng 100
mm; piloty jsou vrtané v kruZnici o vnitfnim prdméru 5,1 m. Do skalniho pod-
kladu piloty zasahovaly 1,0 m. Paty pilot jsou do skaly pfikotveny svorniky
BOLTEX a pro omezeni prisakd v oblasti rozhrani pokryvnych ttvarl a skal-
niho podloZi byla v souladu s projekiem provedena injektaz.

Pod pilotami o prdméru 630 mm je jama zapaZena ocelovou dilni vyztuzi
KC-0O-14 a stfikanym betonem B 20 (BAUMIT TORKRET S 8) tloustky 100 mm
s vloZenou KARI siti 100 x 6,3/100 x 6,3 mm v kombinaci s hydraulickymi
svorniky BOLTEX 8 délky 2,0 az 3,0 m. Provizorni osténi jamy slouzi pouze
k zajisténi jamy po dobu jejiho hloubeni a do doby ukonéeni provadéni
vnitfnich stavebnich konstrukci. Prisaky vod z pokryvnych dtvar(i do jamy
jsou v této Casti sanovany tésnici injektazi ( polyuretan, rychle tuhnoucf pry-
skyfice).

Definitivni stavebni konstrukce jsou navrzeny tak, Ze vyhovi vnitfnim i vngj-
&im tlakiim a pfevezmou nakonec statickou funkci zajisténi jamy,

3. INZENYRSKOGEOLOGICKY DOZOR
HLOUBENI JAMY

Z&kladni udaje o geologickych podminkach hloubeni poskytl podrobny geo-
logicky prizkum (vrt HG-1 hloubky 10,5 m a strukturni vrt SV-1). Podle
vysledkd IG prizkumu byly z horizontu zvodnélych stérkopiskovych naplavi
pfedpokladany znaéné pfitoky podzemni vody. Hioubégji, v prostfedi skalniho
podkladu, byly z puklinovych systém( o&ekavéany piitoky az 2,0 I/sekundu.
Geologicka sluzba firmy INSET, s. r. o, zajisfovala od dubna do &ervence
2000 staly odborny dozor hloubeni podzemniho dila véetné pfislugnych
bezpeénostnich méfeni. Realizace vystavby byla v zavislosti na I1G pod-
minkach rozdélena na dvé Casti. Na ¢dst hloubenou z povrchu terénu do
Urovné minus 7 m (po pfedchozim zabezpecen! pilotami a tésnicl injektazi
zvodnélych naplavid) a na ¢4st hioubenou hornickym zplsobem v horninach
skalniho podkladu az do hloubky 60 m.

Staly geologicky dozor zajistoval pribéznou geologickou dokumentaci
podzemniho dila ve smyslu poZadavkid vyplyvajicich z vyhlasky CBU. Dozor
byl realizovan formou pravidelnych i nechlagenych kontrolnich navétév pod-
zemniho pracovi§té zhotovitele firmy POHL ¢z, a. s. Sachta byla provadéna
technologii modifikované nové rakouské tunelovaci metody (primarni osténi
ze stitkaného betonu vyztuZzené ocelovymi TH prstenci a “kari" sitémi). Kro-
mé dvodni, sedmimetrové ¢asti §achty hloubené v zemindch bylo nutno hor-
ninu skalnitho podkiadu rozpojovat pomoci trhavin,

Zeminy kvartérniho pokryvu, vytéZené v prvni sedmimetrové Gésti §achty,
reprezentuji zejména terasové sedimenty blizké feky Vitavy. V horni ¢asti
je asi 3 m mocna vrstva zvodnélych §térkopiskovych naplavl zakryta vrstvou
pis¢ité hliny a hlinitého pisku (tzv. povodiiovymi néplavy) o mocnosti 3 a?
4 m. Povrch terénu je lemovan pfiblizné 1 az 2 m mocnou vrstvou hlini-
todlomkovité navazky. Hladina podzemnf vody je prakticky shodna s volnou
hladinou v blizké fece. Bez specialniho zabezpedeni dila pilotovou sténou
a nasledné provedené akrylatové injektaze by ptitoky vody do jamy &inily az

Obr. 3.

Situace $achtové COV v geologické mapé 1:25 000
(vyfez s vysvétlivkami - zmenseno, zjednoduseno)
Fig. 3.

Situation of the shaft for the STP in geological map
1:25 000 (a detail with legend - downscaled,
simplified)

graywacke slates, had to be disintegrated by blasting. With regards to the
short distance from the shaft to monumentally preserved building, it was
necessary to minimize the adverse consequences of the blasting works.
During the blasting or during construction activities, evoking dynamic
effects, the cobalt radiant of the conservation and radiation workplace had
to be put out of operation (and stored in a protective capsule). The entire
chateau area is surrounded with sensitive.security equipment with quake
sensors; this system also had to be turned off before the blasting.

With regards to geological and hydrogeological conditions at the construc-
tion site, the shaft support was designed from pilots with casing @ 630 mm
and length of 7,15 m. The circular shaft lining consists of 34 piles pre-bored
app. 100 mm ahead, which are bored in a circle of inner diameter 5,1 m; the
piles extended 1 m into the bedrock. The piles bases are anchored to the
rock with BOLTEX rockbolts; in order to diminish the leakage in the interface
area of covering formations and rocky bedding, a grouting, in accordance
with the design, was realized.

Below the piles @ 630 mm, the pit is supported by steel mining reinforce-
ment KC-O-14 and shotcrete B20 (BAUMIT TORKRET S8) 100 mm thick with
inserted KARI mesh 100 x 6,3/100 x 6,3 mm in combination with hydraulic
bolts BOLTEX 8 2-3 m long. The temporary lining of the pit serves solely for
its support for the time of its excavation until completion of the internal struc-
tures of the DEEP SHAFT. Water leakage from the covering formations into
the pit is within this area sealed by sealing grouting (polyurethane, rapidly
selting resins).

The final engineering structures are designed so that they comply with both
the internal and external pressures and thus eventually take over the static
function of the pit support.

3. ENGINEERING-GEOLOGICAL SUPERVISION
OF THE PIT EXCAVATION

The basic data about geological conditions of the excavation was provided
by a thorough geological exploration (HG-1 bore 10,5 m deep and SV-1
structural bore). According fo the EG exploration results, from the horizon of
watery-bearing gravel-sand alluviums, remarkable groundwater inflows are
expected. Deeper - in the environment of bedrock were inflows from joint
systems expected to be even 2 I/sec. The geological service of INSET, s.r.0.
from April to July 2000 ensured a permanent professional supervision of the
underground work's excavation, including correspondent safety measure-
ments. The construction works were, with subjection to the EG conditions,
divided into two sections. Thus on the section excavated from terrain sur-
face to the depth of 7 m (after previous reinforcement by piles and sealing
grouting of water-bearing alluviums) and on the section driven by mining
system in the rocks of bedrock - to the depth of 60 m.

The permanent geological supervision ensured continuous geological docu-
mentation of the underground work by the means of requirements, implied
from the CBU (the Czech Mining Authority)statute. The supervision was rea-
lized by form of regular and unexpected check visits to the underground
construction site of the contractor - POHL CZ a.s. The shaft was being sunk
with the technique of modified New Austrian Tunneling Method (primary Ii-
ning of shotcrete, reinforced with steel TH rings and 'kari" mesh). Excepting
the initial, 7-m shaft excavated in loams, it was necessary to disintegrate the
rock of the bedrock by means of drill-and-blast

Loams of the Quaternary overlay, mined in the shaft's first 7-m section, re-
present particularly the terrace sediments of the near Vitava River. In the
upper part, there is app. 3-m thick layer of water-bearing gravel-sand alluvi-
ums, covered with layer of sandy soil and clayey sand - so-called flood allu-
viums 3-4 m thick. The terrain surface is margined by app. 1-2 m thick layer
of clayey-shred filling. The groundwater level is within the area basically
congruent with the free surface of the river water. Without a special support
to the structure by a pile wall and consequent performance of acrylic injec-
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holocén / holocene
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15 litrd za vietinu. Nezbytné intenzivni ¢erpanf by s velkou pravdépodobnos-
ti zplsobovalo nepfipustné vyplavovani jemnozrnné zrnitostni frakce z tera-
sovych néplavd. Diky provedenym opatfenim byl pfftok podzemni vody sni-
Zen na zvladnutelnych 3 aZ § Ifsec. Po provedeni tésnici injektaze pritékala
voda do dila zejména otevienymi puklinami ve svrchni ¢4sti skalnfho pod-
kladu. Cerpéani vody v mnoZstvi nékolika litrd za vtefinu nebylo z technického
hlediska problémem. Pro razi¢e vSak mokré prostfedi znamenalo znagné
ztizeni prace - viz fotografie ¢.1.

Skalni podklad, ktery je v daném misté zakryt zminénymi kvartérnimi zemina-
mi, je soucasti svrchnoproterozoického komplexu sedimentarnich a vyvre-
lych hornin. V ramci regionalniho geologického &lenéni jde o tzv. kralupsko-
zbraslavskou skupinu barrandienské sedimenta&ni panve (viz obr ¢. 3 - si-
tuace 8achtové COV na vyfezu geologické mapy 1 : 25 000).
Svrchnoproterozoické horniny v blizkém i vzdalengjsim okoli vychazeji 'na
den" ve skalnich sténach, lemujicich oba vitavské bfehy. Mistni horninovy
komplex sestavéa zejména ze slabé metamorfovanych sedimentarnich hornin
- drob, prachovcl a bfidlic, tmavosedé aZ Gerno$edé barvy. V nedalekém
okoli jsou, kromé uvedenych ¢lenl souvrstvi, ptitomny vloZzky a Sotky tmavé
Sedych aZ &ernosedych silicitd (buliznikl). Horniny skalniho podkladu jsou
zde relativné Gasto prostoupeny vyvfelinou - Zilnymi télesy spilitu. Mocnost

Roztoky - 8achta COV Roztoky shaft for the STP.

Rekonstrukce a intenzifikace ¢isténi odpadnich vod,
technologii DEEP SHAFT PROCESS
Reconstruction and itensification of sewage freatment,
using the DEEP SHAFT PROCESS technology
+Z’,’0_:180.3D

NADRZ NITRIFIKACE

SEWEGE TANK OF NITRIFICATION
+0,0=178,30 lerén

surfaci

= = [ =

€

65
~351=174,94

174400, V1 :
Fréntup 700x700-

tind T0CTO0=2 H
- .U?.._'_‘:.
1

hladino podzemni vody
level of groundwaler

witikony beton) il 100+230mm

tion, the inflows into the pit could reach even 15 l/sec. Essential intensive
pumping would most likely cause intolerable rises of fine-grained fraction
from terrace alluviums. Because of the well-done measurements, the
groundwater inflow was lowered to manageable 3-5 I/sec. After completion
of the sealing grouting, the water flowed into the construction especially
through the open joints in the upper section of the bedrock. Pumping of se-
veral liters per second was not a problem from the technological point of
view, However, the watery environment meant a significant work complica-
tion for the miners - see Fig. No. 1.

The bedrock, which is at the designated spot covered with mentioned
Quaternary loams, is a part of the Upper-Proterozoic complex of sedimenta-
ry and igneous rocks. On the regional-geological level, it is so-called
Kralupy-Zbraslav category of Barrandien sedimentation basin
Upper-Proterozoic rocks in close as well as further vicinity outcrop in the
rocky walls, margining both banks of the Vitava river. Local rock complex
particularly consists of weakly metamorphosed, sedimentary rocks - gray-
wackes, siltstones and slates, of dark-gray to black-gray color. Besides the
aforementioned segments of the strata system, there are inlets and lenses of
dark-gray to black-gray silicites in the near area. Rocks of the bedrock are
here relatively often penetrated with igneous rock - streaky objects of spilite
Thickness of the individual streaks ranges between few cm to 2 m (however,
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Hiadina podzemni vody
Groundwater level (10.7.2000)
%M Povrch predkvartémiho

i & podkladu

WA | Surface of

Jl | pre-Quaternary
Ty Q_,— bedrock

STES,
L]

wndicrte (h. 100~230mm ) I Toda kolev BOLTEX 8 3 i
114 kbloni poly gib ! 1. level of anchors BOLTEX B8 - j S\:’i’;{:fp;l%?;dozolkum
% 10m 5 < ~~ slab& metamorfované
Konvergencni profil ¢.1 S % ' biidlice, droby, prachovce
Convergence profile node«f 3. Bedrock
I j T R the upper proterozoic
e weakly metamorphosed
. e I slates, graywackes,
0 L £ siltstones
4 A4 e L
) _,:1-;_' |E
20“: B oY %ﬁoﬁergencsn; profil .2
R ' Convergence profile no.2

| e 1.
‘| i e (I
S Tm
14 = 11
1 1y 00

Obr. 2. Fig. 2.
a.) Podélny fez $achtou - zjednoduseno
a.) Logitudinal section through the shaft - simplified
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b.) Podélny geologicky fez Sachtou - zjednoduseno
b.) Longitudinal geological profile - simplified
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jednotlivych Zil se pohybuje v rozmezi od nékolika centimetrll do 2 m (nej-
vice frekventované jsou véak vyskyty spilitu o mocnosti od nékolika deci-
metr(l do jednoha metru). Vlastni razba, respektive hloubeni, zastihlo zejme-
na bidligny a drobovy vyvoj souvrstvi s priniky nékolika Zilnych téles spilitu
o mocnosti 50 aZ 80 cm (od 37 do 45 m hloubky). Fotografie ¢. 2 dokumen-
tuje vyskyt Zilné vyvfeliny v hloubce 37 m.

V okoli téchto vyvielin je biidlice, pfipadné droba, vice ¢i méné pfeménéna
tepelnym plsobenim vyvieliny a hydrotermalnich roztokl. Vyskyty vyvieliny
jsou lemovény svétlejsl, alterovanou horninou se Zlutavymi a Cervenavy-
mi odstiny. V prib&hu hloubenf byly zastizeny v okoli magmatickych téles
trhliny, vyhojené piekvapivé peknymi krystalickymi agregaty kalcitu, sideri-
tu, pyritu a patrng i rodochrozitu (jde o spolecenstvi minerald tzv. chvaletic-
ké parageneze) - viz fotografie ¢. 3. Vzorky nalezenych minerall v soutasné
dobé& zkouma pan doc. RNDr. L. 74k, CSc., z Prirodovédecké fakulty UK.

V pribéhu hloubeni bylo rovnéz zastizeno nékolik vyznamnéjsich tektonic-
kych poruch, které se projevovaly podrcenim horiny nebo hustym roz-
pukanim, zasahujicim nékolik metrl do okoli. Rozséhlejsl poruchova pasma
byla zastizena pfi razbé v hloubkovych Urovnich od 12 do 17 m a od 25 do
30 m. Zhruba od 55 m do 60 m je dachta vyhloubena v tektonicky podrcené
horning — tmavé &ervend zabarvené prachovité bfidlici, vyhojené hematitem
a kfemenem. Geologické poméry, zastizené ve svrchni ¢asti §achty, ilustruje
zjiednoduseny geologicky fez (obr. ¢. 2.b).

3. ZAVER

Zvoleny zpisob zajisténi jamy pilotovou sténou v kombinaci s t&snici injek-
ta7i se ukazal jako velmi vhodny. Umoznil sniZit pfitoky vody z pdvodnich asi
15 litrdl za vtefinu na pfijatelnych 3 aZz 5 I/sec. Bez zabezpecenl jamy by
intenzivni &erpani pofiéni vody zpisobovalo nepfipustné vyplavovani jem-
nozrnné zrnitostni frakce ze zvodnélych terasovych naplavi. Po technické
strance prob&hly hornické prace bez mimofadnych udalosti a v souladu
s projektovou dokumentaci. Domnivame se, ze nékteré vyse uvedené infor-
mace mohou byt pfinosné pfi navrhovani obdobného objektu ve srovnatel-
nych 1G podminkach. V prabshu hloubeni byly, krom& b&znych geologickych
a tektonickych struktur, dokumentovany zajimavé vyskyty vykrystalovanych
minerall chvaletické parageneze. Podrobna geologickd dokumentace 60 m
hluboké Sachty bude vyuZita pro upfesnéni geologické stavby daného
regionu.
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Foto Cislo 2

Pohled na jiho-zapadni ¢éast stény $achty v urovni 39 m pod povrchem
terénu. V horni poloving snimku je vidét spilitova Zila (horizontalni struktura
se svétlejsim odstinem). Uprostied Ize rozeznat kontakt vyvieliny s ponékud
tmavéim prachovcem. Svislé pukliny jsou vyhojeny bélavymi vyplnémi
kfemene a karbonat.

Pic. 2

View on the southwestern part of the shaft wall A spilite streak (horizontal
structure with lighter shade) is visible in the upper half of the picture. In the
middle, a contact of igneous rock with a slightly darker siltstone is notice-
able. Vertical joints are healed by whitish quartzite and carbonates fillings

most frequent presence of spilite thickness ranges between few dm to
one meter). The driving itself, res. excavation, affected especially slate and
graywacke development of the strata system with penetrations of several
streaky objects of spilite with the thickness of 50-80 ¢m (from 37-45 m of
depth). Fig. No. 2 documents the presence of sireaky igneous rock in the
depth level of 37 m.

Near these igneous rocks, the slate afo graywacke is more or less metamor-
phosed by thermal igneous as well as hydrothermal dilution’s activity.
Presence of igneous rocks is margined by brighter, altered rock, with yel-
lowish and reddish shades. During the process of excavation, faults, healed
by surprisingly nice, erystallized aggregates of calcite, siderite, pyrite and
perhaps even rodochrozile (a community of minerals of the so-called para-
genesis of Chvalelice), were discovered near magma objects - see Fig. No.
3. Specimen of found minerals are currently under research by Doc. RNDr.
L. Zak, €Sc. from the Faculty of Natural Sciences.

Also within the process of excavation, several more significant tectonic
faults were discovered, and thus which expressed as rock crushing or dense
cracking, affecting few meters area. Larger fault zones are excavated in
depth levels from 12 to 17 m and 25 to 30 m. App. from 55 to 60 m, the shaft
is excavated in tectonically crushed rock - dark-red colored silly sla-
te, healed by hematite and quartzite. Geological conditions, found in the
upper shaft section, are illustrated by a simplified geological profile, Fig.
No. 2/b.

4. CONCLUSION

The selected method of the pit walls support by pile wall in combination with
sealing grouting has proven to be very suitable. It enabled to lower the water
inflows from previous app. 15 I/sec to acceptable 3-5 I/sec. Without the pit
support, the intense pumping of river waler would cause intolerable rise of
fine-grained fraction from waler-bearing terrace alluviums. Concerning the
technical aspecl, the mining works have proceeded without emergency
events and in accordance with the design documentation. We presume that
some of the aforementioned information might be useful in designing of a
similar object in comparable EG conditions. During the process of excava-
tion, some interesting presence of crystallized minerals of Chvaletice para-
genesis were, beside the common geological and tectonical structures, do-
cumented. The detailed geological documentation of 60-m deep shaft will be
used for specification of the geological structure of given region.
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ment plant in Roztoky near Prague, INSET s.r.o., Prague, 2000;

Design of the pit for the Deep Shaft STP Roztoky, POHL CZ a.s., Roztoky,
2000,

Detailed engineering-geological exploration for STP Roztoky, INSET s.r.0.,
1997.

Foto ¢islo 3
Ukazka vykrystalovanych minerald v pukling skalniho podkladu. Vzorek byl
odebran z hloubky 41 m v blizkosti spilitové Zily (2 x zvét8eno). Pfedbézné
ize identifikovat nazelenalé klence kalcitu, pyrit, ovalné agregaty karbonati
a nar(izovélé vyplné rodochrozitu.

Pic. 3

A view of crystallized minerals in the joint of the bedrock. The specimen was
taken from the depth of 41 m - near the spilite streak (enlarged twice)
Preliminarily, it is possible to identify greenish dots of calcite, pyrite, oval
carbonate aggregates and pinkish fillings of rodochrozite.




em— -

I d

s 10. ROCNIK, ¢. 1/2001

ZE SVETA PODZEMNICH STAVEB

WORLD OF UNDERGROUND CONSTRUCTION

ROZSIRENI ZELEZNICNI SITE V SYDNEY PRED
ZAHAJENIM OLYMPIJSKYCH HER V ROCE 2000

Uvod

Pridéleni pofadatelstvi olympijskych her je vzdy spojeno s velkymi investicemi v pofada-
telské zemi vEetné investic do jeji infrastruktury. To platilo i pro australské mésto Syd-
ney, jeho okoli a do jisté miry i pro cely stat Novy Jizni Wells. Velky objem investic pred-
chazejicich kondni olympljskych her v roce 2000 byl ur¢en pro dopravm stavby. Jejich
koncepce byla zpracovana tak, aby mohly slouzit nejen navstévnikum olympijskych her,
ale i rozvoji dotCenych oblasti a byly kapacitné vyuZity i po ukonéent her.

Mésto Sydney je, jako mnoho australskych mést, sevieno z jedné strany mofem a z dru-
hé horami. To vyzaduje dobré planovani vyuZiti Uzemi a koncentraci zastavby. Nové
dopravni stavby mély zajistit dopravni obsluhu malo urbanizovanych pfedméstskych
¢asti mésta, a tak podnitit jejich rozvoj

Nova jizni zelezniéni trat _

Jednou z lakovych staveb byla Zelezni¢nl tral umoZhiujici spojeni rozdifeného letisté
s centrem mésta napojenim na existujicl Zelezniéni sil. Novou Zeleznici nazvali Nova
jizni Iral a jeji délka je pfiblizné 11 km. V&tSinou Je vedena ve dvoukolejném razeném
tunelu, ale jsou zde i Gseky tuneld hloubenyeh 2 povrehu véetng viezdovych a vyjez-
dovych ramp a vcetné technicky naro&ného prechodu feky Cooks River. Nova jizni
tral odbotuje z provozované Zeleznice ve stanici Turrella, kiizuje a napojuje se na
dalsi existujici traf v nové prestupn{ stanici Wolli Creek a po pfekonani feky Cook's
River vstupuje do prostoru letiste Sydney, kde jsou vybudovany dvé nové stanice
A sice v prostoru domaciho a mezinarodniho termindlu. Pak prochazi pfedméstskymi
ctvrtémi mésta s nizkopodlazni zastavbou (vyjimku tvofi nevelké seskupeni obchod-
nich budov jiZné od nové stanice Mascot; dalsi nova stanice je Green Square) a na
existujfci trat se napojuje ve stanici Central (viz obr. €. 1)

Z novych stanic na trase jsou &tyfi podzemni, na povichu je umisténa stanice Wolli
Creek. Stanice na letiéti a stanice Mascot byly provadény v podzemnich sténéch,
zatimco stanice Green Square byla razena v piskovci, ale jeji odbavovaci hala
a vstupy (kde jiz byly nesoudrzné horniny) se stavély pomoci podzemnich stén
Hladina podzemni vody je pouze nékolik metrd pod terénem po celé délce trasy.

0Od stanice Turrella k Tempe Reserve, kde byla umisténa startovaci $achta pro razbu
stitem, se tunel provadél jako hloubeny, Z 8,5 km razenych tunell se 2,5 km razilo
vétsinou v piskovci s tim, Ze poc¢atetni Usek u severniho portélu byl razen v pevném
jilu a v bridlicich. Zbyvajicich 6 km razil bentonitovy §tit v mékkych zvodnélych hor-
ninach

Vzajemné ovlivnéni stavby Zeleznice v podzemi

a vystavby na povrchu

Protoze ve zna¢né ¢asti trasy tunelu probihala pfi jeho budovani rozsahla vystavba
na povrchu Gzemi, nebo k této vystavbé ma dojit nasledné za jeho provozu, bylo
nutné provést fadu opatient, aby se neohrozila funkénost a vodotésnost tunelu v dii-
sledku investi¢nich aktivit nad nim a v jeho blizkém okoli. Dlsledkem soucasné
provadénych praci byly dalsi pozadavky vyplyvajici z jejich soubéhu

Napfiklad pfi roz8ifovéanl letisté bylo nutné postavit silniéni most podel existujici
komunikace, ktera dosud zajisfovala jeho dopravni obsluhu. Most mél zabezpegit
obsluhu v drovni odletové asti haly. Most se zakladal na pilotach, ¢ast zakladd se
provadeéla kesonovanim do znaéné hloubky. Oviem soutasné v tomto prostoru razil
bentonitovy $tit dvoukolejny lunel pro trat a Zadné ze staveb nesméla byt zpoZzdéna
Proto bylo nutné pro pilotovaci prace véetné kesonovani stanovit specialni kritéria.
Projektanti tunelu a jeho osténi urtili, Ze pilotovani v blizkosti tunelu mdze byt zaha-
Jeno az 12 tydnl po jeho dokondeni v konkrétnim misté, respektive 12 tydnd poté, co
razici §tit toto misto minul. Uvazovali, Ze prstenec injektované horniny kolem segmen-
tového osténi potfebuje nejméné 60 dndl, aby byl plné konsolidovan a zpevnén, pro-
toZe narist pevnosti injektaznich hmot |n1ektovanych za osténi byl pomaly. Ce-ment
se nepouzival, aby se zabranilo ucpani injektaznich trubek ve &titu. PoZadavek pro-
jektantd v8ak nebyl akceptovan a provadeni pilot bylo povoleno 2 tydny po projeti
Stitu. Investor byl pfesvédcen, Ze hlavnim rizikem Je pfipadny pokles tlaku pazicl
smési pfed Gelbou jejim dnikem do provadénych kesond, které byly pazeny bentoni-
tovou suspenzi.

Na obr. ¢. 2 jsou znazornéna kritéria pro provadéni pilot, pfi jejichz stanoveni se vzaly
v tvahu jak moZnost Uniku pazicl suspenze na celbé, lak zlrata injektazni smési nebo
snizenl Géinnosti injektazi za segmentovym osiénim, Prob&zny monitoring se sa-
moziejmé provadél, P podchodu Stitu pod hlavnl severo-fizni piistavacl drahou
letisté se mimo |iné sledovala spolfeba m]ekén[ smési injeklované na kongi §titu za
osténi a injeklazni tlak (pramér byl okalo 4,5 barll). NadloZi nad &titem bylo v tomto
Useku pfiblizné 23 m

Jina ochranna opatfeni si vyzadalo kfizeni razeného tunelu s dvojici jednokolejnych
tunell provozované Zeleznice, a to na zacatku razby ve skalnim horninovém masivu,
Prostor za belonovym osténim nize polozenych Zeleznicnich tunell bylo potfebné
nejprve zainjektovat, aby se zaplnily existujici dutiny za osténim. Tyto tunely bylo také
nutné zabezpecit proti u¢inklim zatizenf vyvotaného provozem v novém tunelu. Z nové
budovaného tunelu byla v podzemi vybudovana deska premostujici existujici tunely.
Deska byla opiena o piloty, kleré prenddeji zatizenl mimo osténi provozované
Zeleznice (viz obr. ¢. 3). Uhel kiiZeni nového a starych tunell byl 45°,

Pro ochranu nového tunelu pred vlivy budouci vystavby byly vypracovany smérnice,
které musf byt respektovany pfi zakladani a realizaci staveb nad tunelem a jsou
i soutasti stavebnich povoleni pro tyto stavby. Napfiklad piloty pro zakladani objektd

EXTENSION OF THE RAILWAY NETWORK IN SYDNEY
BEFORE THE OLYMPIC GAMES OPENING

Introduction

The award of the Olympic Games organisation has always been connected
with a need of vast capital investment in the organising country, including
investment into its infrastructure. This fact obviously applied to the
Australian City of Sydney, its outskirts, and, to some extent, to the whole
state of New South Wales. A vast volume of funds was designed for trans-
porl-related projects to be implemented before the Olympic Games 2000
The conception of these projects was developed with the intention that they
should serve not only the visitors of the Olympics, but also the development
of affected areas, and their capacity should be used even when the Games
would be over

The City of Sydney is, like many Australian cities, jammed between the sea
and the mountains. This requires a good planning of the land use, and a
concentrated building development. New transport-related projects should
provide good transport services for litile urbanised suburban parts of the
city, thus initiating their development.

The New Southern Railway

The railway line was designed to link the expanded Sydney airport with the
city downtown. The new railway, connecling to the existing railway network,
was named the New Southern Railway. It is about 11 km long. Mostly it runs
in a double-track tunnel, but there are also sections of cut-and-cover tunnels
and approach ramps, and a technologically demanding section of the
Cook's River crossing. The New Southern Railway, which branches off from
the operating railway at the Turrella Station, crosses and links with another
operating railway at Wolli Creek, a new interchange station, and, after cross-
ing the Cook's River, enters the area of the Sydney airport, where two new
stations were built, i.e. the stations at the domestic and international termi-
nal. Then it passes through suburbs with low-level residential houses. An
exception to this is a short section of commercial buildings to the south of
the Mascot Station. Another new station is the Green Square. The railway
connects to the existing line at the existing Central Station (see Fig. 1).

Out of the new stations, four stations were built in the undergound. The Wolli
Creek Station is placed at grade. The stations at the airport and the Mascot
Station were constructed using the top-down and diaphragm-wall method.
The Green Square Station was driven in sandstone rock, but for the booking
hall and entry levels above, which were built in soft ground, diaphragm
walling was used. The groundwater table is a few meters below the surface
along most of the route.

From the Turrella Station to the Tempe Reserve Station, where the launch
shaft for the TBM driving was sunk, a cut-and-cover tunnel was constructed.
Out of 8.5 km of driven tunnels, 2.5 km-long section was driven through
sandstone rock, with the initial section at the north portal excavated in stiff
clay and shale. Remaining 6 km section was driven by a slurry shield in soft
water-bearing ground.

Mutual impacts of the underground railway construction

and surface buildings

Since a vast surface building activities were in progress along a significant
part of the tunnel alignment, or these activities were expected to start in the
course of the tunnel service, it was necessary to apply a series of measures
so that the function and watertightness of the tunnel would not be jeopar-
dised by the building development above and in a close vicinity of the tun-
nel. The concurrent manner of performance of the works induced additional
requirements

For example, it was necessary to build, in the course of the work on the air-
port expansion, a bridge along the alignment of the existing motorway to
service the departure level of the upgraded terminal. The bridge was found-
ed on piles, and a part of the foundation was constructed using deep cais-
sons. In the same time, the slurry shield was boring the double-rail tunnel in
the same area. No delay was allowable for either construction. For that rea-
son it was necessary to set down special criteria for the piling works and the
caissons sinking

The tunnel lining designers proposed that the piling works near the tunnel
could only start 12 weeks after the tunnel completion in a particutar location
or 12 weeks after the shield had passed that location. They calculated that
the grout annulus around the segmental lining needed at least 60 days to be
fully consolidated and hardened because the strength growth of the grout
was slow. Cement was not used in the grout mix to prevent clogging of grout
pipes on the shield. However, the designers' requirement was not accepted
and the piling works were allowed within 2 weeks of the shield passage. The
client believed that the main risk was the potential for a loss of pressure in
front of the tunnel face due to a leakage of the slurry into the open caisson




2 10. ROCNIK, ¢&. 1/2001

lunel

musi byt i u tunelu raZzeného ve skalni horniné ukonéeny pod Urovni vedenou v Uhlu
45° od dna tunelu. U tunelu raZeného v mekkych horningch se piloty pro zéklady
ukonéuji az pod dnem tunelu. Pfiklad omezujicich podminek pro stavbu &tyi-pod-
lazniho objektu nad tunelem raZzenym v piskovci je na obr. ¢. 4. Podle obdobnych
zasad byl v minulosti spé§né postaven v Sydney pfimo nad provozovanym dvouko-
lejnym tunelem hotel s 35 podlazimi.

DodrZeni smérnic je nuine také proto, aby tunel byl maximalné suchy a dodate¢né
nevznikaly prisaky pedzemni vody. ZkuSenosti z 25 let provozu existujicich tunell
ukazuji, ze koroze ocelovych prvki upeviujicich koleje a hlinikovych akustickych
podhled( probihd na vzdalenost 50 m od kazdého drobného prasaku. Vodu prosaku-
jici i v malém mnoZstvi vlaky rozpra8i a nasledna koroze vyrazné zdrazuje idrzbu
Zamérem smérnic je udrZet perfekini stav osténi a obvodovych stén stanic po dobu
jejich projektované Zivotnosti, ktera je 100 let

Kazda investice planovana v pruhu Sirokém 25 m na kazdou stranu od tunelu podléha
vyjadreni specialniho drazniho organu, ktery v pribéhu realizace najima tunelarské
konzultanty a li stavbu dozoruji az do ukonéenli praci. ProtoZe nové objekly mohou byt
riizného charakleru a podminky horninového prostiedi v frase tunelu jsol proménlive,
byly smérnice zpracovany tak, aby ke kazdému investiénimu zaméru bylo moZno pfi-
stoupit individualné s cllem etfit finandni prostiedky investor(

V- mekkych zvadnélych horninach e lunelové osténf tvofeno Zelezobetonovymi seg-
menty tloustky 450 mm se sparami tésnénymi hydroskopickymi a pruZnymi prvky.
Pocita se, Ze tésnéni spar musi pipustit uréité posuny bez vaniku prisakd. Prynich
200 m tunelu v tvrdé horniné je izolovano f6lil po celém obvodu a definitivl osténi je
z monolitického betonu. Obdobné je zabezpecen tunel ve stanici Green Square. Dalsi
¢ast tunelu razeného ve skale ma monolitickou kienbu a boky ze stilkaneho betonu.
Pro betonové osténi je zpracovana klasifikace trhlin od malych, které se samy zacel,
a7z k trhlindm, které vyZaduji mensf opravu (dotésnéni). Mezi monolitickou klenbou
a primarnim osténm ze stfikaného betonu jsou umistény drény. V tunelu se nesmi
vyskytovat kapajici voda a tunelovy drendzni systém musi byt snadno udrzovatelny.

Jizni stavebni usek

Tak zvany jizni stavebni Usek mezi stanici Turrella a Tempe Reserve realizovany jako
hloubeny tunel zahrnoval fadu obtiznych kfizeni s existujicimi stavbami (pfedev&im
podchod Sestipruhové dalnice a Ctyf koleji Zeleznice lllawarra a ZelezniCni trati East
Hill). Soucasti useku bylo také vybudovani startovaci $achty pro razbu dal$iho useku
Stitem. Prace byly ovlivnény také ekologickymi pozadavky a existenci vyznamné his-
torické pamatky - jednoho z nejstardich auslralskych slatki Tempe House z roku
1832, ktery stal na planované trase a byl za¢lenén do komplexu nové stanice Wolli
Creek. Geatechnické podminky Useku byly velmi proménlivé a nepfiznivé, a to i pro
hloubeny tunel z divodu nesoudrznych zemin a vysoké hladiny podzemnf vody.
Kfizeni se Zeleznici muselo byt provedeno bez prerudeni jejiho provozu, pouze s vy-
lukami nutnymi pro nova napojeni pomoci ramp. Proto novy tunel jednoduchého
pravouhlého tvaru byl stavén po etapdch. Tak bylo v nové stanici Wolli Creek za-
Jisténo propojeni tratl pomoci ramp, postaveno nové horni a spodni nastupité a od-
bavovaci hala. ProtoZe v tomto Uzemi dochazi k vysokému stavu hladiny podzemni
vody, musi byt objekty schopné odolavat vztlaku, Aby se toho docililo, byly zakladové
desky protazeny za vnéjsi lic objektd, a tim se zvysila jejich hmotnost i odolnost proti
vztlaku spolupdsobenim zpétnych zasypa.

Podchod pod fekou Cook's River
Nejobtiznéjsi ¢asti Useku viak bylo pfekonani feky Cook's River, ve kieré se ¢asto
opakuji povodriové pritoky, coZ siing ovlivnilo pfipravu i provadéni praci. Nejprve se

Stanice CENTRAL

Startovaci Sachta TBM

\)
i

holes being just excavated under the support provided by bentonite slurry.
Fig. 2 shows the crileria adopted for execution of the piling. They were
determined with respect to both the possibility of the slurry leakage at the
face and the loss of grout or diminishing of efficiency of the grout injected
behind the segmental lining. Obviously, a continuous monitoring was carried
out. When the TBM was passing under the main north-south runway of the
airport, the monitoring was focused, among others, on consumption of the
grout injected behind the shield and the grouting pressure (about 4.5 bars).
The overburden at this location was approximately 23 m.

Another protective measures were necessary due to the issue of the cross-
ing of the initial section of the driven tunnel by the operating twin single-
track railway tunnels. It was necessary first to backfill the voids behind the
lining of the lower railway tunnels by grouting of the lining. It was also ne-
cessary o stabilise and secure those tunnels against the effects of the load-
ing caused by the new tunnel's operation. An underground slab bridging the
existing tunnels was built from the newly built tunnel. The slab was support-
ed by piles, which transfer the load beyond the lining of the operating rail-
way tunnel (see. Fig. 3). The new tunnel was on a 45 degree skew to the old
tunnels.

To protect the new tunnel against the influence of the future building deve-
fopment, guidelines were developed, which have to be respected in founda-
tion and construction of buildings in a determined zone above the tunnel
The guidelines form a part of building permits. For example, the piles for the
buildings’ foundation are allowed to terminate in rock just below a 45 degree
line drawn from the base of the tunnel. For tunnels driven in soft ground, the
foundation piles are terminated under the tunnel base. An example of the
restricting conditions for a four-storey structure above the tunnel driven
through sandstone rock is shown in Fig. 5. Similar measures were success-
fully applied in Sydney in the past when a 35-storey hotel was erected just
above an operating double-track tunnel

Adherence to guidelines is also necessary to keep the tunnel as dry as pos-
sible, and to prevent occurrence of subsequent leaks. Experience on 25-
year old tunnels showed that the corrosion of steel track fittings and alumini-
um acoustic pods occurs up to a distance of 50 m either side of a drip. Even
very small quantities of water are dispersed by trains. The subsequent cor-
rosion makes maintenance much more expensive. The intention of the guide-
lines is to maintain the perfect condition of the tunnel lining and station
external walls for the 100-year design life

Each surface development planned within the 25m-wide zone either side of
the tunnel has to be approved by a specialised railway authority, which hires
tunnel consultants to follow the project through to completion. Since the new
buildings could be of a mixed character, and the rock mass conditions along
the tunnel alignment are variable, the guidelines were developed in such a
manner, which allows adoption of an individual attitude towards any deve-
fopment plan, with the aim of minimising the cost

Tunnel lining in the soft-ground sections is formed by 450 mm-thick rein-
forced concrete segments with joints sealed with both hydrophylic and elas-
fomeric elements. The fact that the watertight seals have to allow certain dis-
placements without occurrence of leaks is taken into account. The initial
200m length of the tunnel driven in hard rock is insulated with a membrane

Nova jizni Zeleznic¢ni trat’
New Southemn Railway
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Obr. 1. Schematicka situace Nové jizni Zeleznicni trati
Fig. 1. Schematic plan of the New SouthernRailway

=%
=
@ Stanice GREEN SQUARE
Stanice MASCOT
Domaci terminal
Domestic terminal
Uzemi letisté
Airport area

Morska zatoka
Sea bay




e N

s 10. ROCNIK, ¢. 1/2001

lunel

uvaZovalo o provadeni sekcl hloubeneho tunelu pod dnem feky v pravodhlych jim-
kich ze zaberanénych ocelovych $tétovnic. Nakonec byly poprvé v Australii pouZily
navzajem napojované kruhove beranéné jimky. Jejich dfivejdi pouziti v Kanadé neby-
lo pfili& znémé. Bylo navrzeno 11 keuhovych jimek a v nich byl provadén vykop az do
16 m pod hladinou vody v fece. Jimky byly velmi sloZité konstrukece z hlediska ndvrhu,
daleko sloZitéjsi neZ v nich provadéneé trvalé konstrukce. Projektové fedeni vznikalo
v nékolika krocich, neZ se docililo 2adané jistoly proveditelnosti.

Voda v fece je dosli znedidléna 2 primyslovych oblasti leZicich proti toku (i kdyZ se
v posledni dobé situace trochu zlepSuje). Proto byly kontaminované jemné sedimenty
ze dna feky v pruhu nad tunelem pied realizaci jimek odtézeny plovoucim bagrem.
Vytézeny bahnity matenal byl na misté upraven pomocl odstiedivek a odvezen na
skladku. Po proveden jimky a vykopu v ni se na upravenou zakladovou sparu vybe-
tonovala sekce lunelu dlouha 14 m. Nasledoval zpétny zasyp nezavadnym materidlem
do vy$e plvodniho dna feky a beranéni dali fimky mohlo byl zahajeno.

Geologicky profil Wvofi mofské a fitni sedimenty (lypické pro Gsti fek do mofe), vétsi-
nou mékké jily a nezpevnéné pisky, které prekryvaji naplavené tuhé jily a ulehlé pisky
Pod nimi je vrstva zeminy, ktera zbyla po eroznf ¢innosti feky, a nasleduji piskovce
s pevnosti v tlaku od 2 MPa do 12 MPa. TlouSika vrstev kolisé a také Uroven skalniho
podle?i (piskovell) se slupfiovité ménl, To zplsobilo, Ze paty nékterjch $tétovnic jsou
nad dnem vykopu a jiné nedosahly povrch skaly. S touto variabilitou podminek pro
jimkovani musel projekt pocitat. Tunel stoupa ve skionu 3 % zapadnim smérem a jeho
minimalni kryti pod dnem feky jsou 2 m

Ve dvou fadach bylo provadéno 11 navzajem napojovanych jimek o priméru 22 m
(dvanécta jimka byla vyprojekiovana samostatné, protoZe patfila do daldl ¢asti
zakézky). S vystavhou se postupovalo od prostiedku feky a jimky se realizovaly jedna
po druhé, aby nedochazelo k nezadoucimu ovlivnéni pritokd v fece. Vyhadou bylo,
Ze vytazené Stétovnice mohly byt pouZity pro dalsi jimku. Pfistup do jimek zhotovitel
zajistil vybudovanim docasného mostu, Stetovnice byly beranény ze &lunu, na kterém
bylo umisténo beranidlo a jefab pro montdz a demontaz mostu. Konce sekci tune-
lu byly pfipraveny pro vodotésné napojeni jimek jak na stropé, tak na bocich
Konstrukéni prava na stropé sekce navic musela fixovat nasazené Stétovnice aZ do
doby, neZ bylo moZné instalovat vnitini rozepfeni jimky. Schéma pestupu praci je na
obr. &, 5.

Zona zakazu provadéni pilot
Piling prohibited zone

3
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Min5 m
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Driving direction
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kde byl zakaz zatézovani povrchu
tzemi nad celem vlyrubu

The area of 10x10 m where loading
of ground surface above

the TBM head was prohibited

Obr. 2. Kritéria pro soub&h razby Stitem a provadéni pilot
Fig. 2. Criteria adopted as the piling and tunnel work
progressed simultaneously
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Obr. 3. Preneseni zatizeni mimo existujici Zelezniéni tunel
Fig. 3. Transfer of loads past the existing railway tunnel

over the whole perimeter. Final lining is of in-situ concrete. The Green
Square Station tunnel is protected in a similar way. The remaining part of the
hard-rock tunnel has a concrete arch and shotcreted walls. A classification
of cracks and fissures in the concrete lining was developed. The classifica-
tion scale distinguishes the features from small fissures which heal by them-
selves, to cracks which require a minor repair work on the sealing. Drains
are placed between the cast-in-situ arch and the shotcreted primary lining.
Dripping water is not allowed to appear in the tunnel, and the tunnel
drainage system has to be easy to maintain

The southern structures section

The so-called southern structures section between the Turrella and Tempe
Reserve stations was built as a cut-and-cover tunnel. This section contained
a number of difficult crossings with existing structures (the crossing under a
six-lane motorway, four tracks of the lilawarra railway line and the East Hill
railway line). The launch shaft for the TBM excavation of another section was
also a part of the southern section. The works were also affected by environ-
mental requirements and by the presence of a historic monument, one of
Australia's oldest homestead sites, the 1832 Tempe House, lying on the
route. [t was incorporated into later development of the Wolli Creek station.
This section’s ground conditions were very variable and unfavourable even
for the cut-and-cover tunnel due to very poor ground and the height of the
water table.

The crossing of the railway had to be performed without suspension of its
operation, only with breaks necessary for new connections by means of
ramps. For that reason the new tunnel of a simple rectangular shape was
built in stages. In this manner, the connection in the new station Wolli Creek
was provided by means of ramps, and the new upper and lower level plal-
forms and the booking hall were built. Since a high water table level occurs
in this area, the structures have to be able to resist buoyancy forces. To
achieve this, the foundation slabs were extended beyond the external face
of the structures. Thus their weight increased and their buoyancy resistance
was enhanced thanks to the increased effect of the backfill.

The Cook's River crossing

The most complex part of the section was the Cook's River crossing. The
river is prone to flooding. This fact heavily affected the works planning and
execution. Initially the building of the cut-and-cover tunnel sections under
the riverbed was considered in rectangular steel sheeipile cofferdams.
Eventually the pioneering use in Australia of interlocking circular cofferdams
was used. The previous use of this method was not known well. 11 circular
cofferdams were proposed with excavation taking place within each of these
to a depth of 16 m below water level. The design of the cofferdams structure
was very complex, much more complex than the design of the permanent
structures built within these. Several design steps were necessary to
achieve the desired constructability.

The water of the river Is quite polluted from industrial areas upstream,
although it is slowly improving. Therefore, contaminated silt was initially
dredged from the riverbed above the tunnel. It was treated on site using a
cenlrifuge system, and removed to a stockpile. After installation of the cof-
ferdam and excavation of the pit, the tunnel section was constructed in the
cofferdam in 14m-long segments. The excavation was then backfilled with
clean material up to the original level of the riverbed, and the sheetpiling for
the next cofferdam could begin.

The geological profile consists of marine and estuarine sediments, mainly
soft clay and loose sands, which overlie alluvium of stiff clay and dense
sand. These overlie again a veneer of residual soil scored by previous river
action on top of bedrock. Sandstone with an unconfined compressive
strength ranging from 2 Mpa to 12 Mpa follows. Thickness of the layers
varies and the bedrock level (sandstone) changes gradually. Due to this
fact, some of the sheglpile toe levels were above the excavation level, while
others did not reach the bedrockrock surface. The design had to allow for
these variations in the conditions set down for the cofferdams construction.
The tunnel ascends at a gradient of 3 % to the west, and its maximum cover
under the riverbed is 2 m.

Two lines of 11 interlocking cofferdams, each of 22 m in diameter, were con-
structed (the twelfth cofferdam was designed by another designer because
it was among works for a different construction contract). The construclion
works progressed from the river centre out. The cofferdams were built one
after the other in order to limit the constraining effect on flow in the river. An
advantage was that sheet piles could be re-used for each successive coffer-
dam. The contractor accessed the cofferdam cells from a temporary bridge
built alongside and used a barge mounted pile driver and crane for erection
and dismantling of the bridge. The ends of the tunnel sections were pre-
pared for a watertight connection with the cofferdams both at the roof and
base parts. In addition, the structure of the roof part had to provide a prop-
ping for the sheet pile until the whaler was installed. The process descrip-
tion is shown in Fig. 5

The tunnel structure longitudinal design was affected by the variability of the
foundation conditions. The tunnel tube is partially founded on rock, partially
on alluvium. The bedrock beneath the river varies from 20 m at the eastern
end to 10 m at the western. On top of this, sections of the sheet pile wall
remained below the tunnel soffit and acted as "hard spots’. For that reason
the tunnel structure was designed as a beam on an elastic foundation with
discrete support points.

A complexity in the temporary works (cofferdams) design was the lack of la-
teral support for the toes of sheet piles, particularly at those places where
the rock level was above the tunnel soffit. Where the excavation level within
the cofferdam would be below the toe of the pile wall, an additional concrete
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Konstrukci tunelu v podélném sméru ovlivnily proménlivé zakladové poméry. Tunelo-
va trouba je 8aste¢né zaloZena na skéle a Castecné na naplavenych sedimentech
Povrch piskovet pod fekou kolisa od 20 m na vychodnim konci do 10 m na zapadé
Trouba byla proto navrzena jako nosnik na pruzném podlozi s nespojitymi pevnymi
podporami. Navic byly v sedimentech pod dnem tunelu zbytky odfiznutych §tétovych
stén, které se chovaly jako pevné podpory

Problémem projektu doCasnych praci {jimek) byla potfeba boénf opory pat §tétovnic.
zvIasté tam, kde droven skalnihc podloZi byla nad Grovni dna tunelu. Kde bylo dno
vykopu v jimce nize nez paty zaberanénych tétovnic, tam se v nékolika jimkach pfi
zastizeni mimoradnych podminek vybetonoval v jejich Grovni patni Zelezobetonovy
kruhovy tram. Pred instalaci poslednihc rozpérnéno rdmu se ponechal u paty $té-
tovnic skaini klin (vykop ve skale byl dotasné proveden jako svahovany). Hiavnimi
otazkami projeklu jimek byly hloubka vetknuti 3tétovnic. zplsob rozepieni, postup
vystavby a opakované pouzitf §tétovnic a rozpér. Obava nebyla z vetknuli §tétovnic
va slfedni ¢asti, kde se otekavalo odpovidajici zaberanéni do zemin dna feky. Aby se
pfesngji stanovil povrch skaly, provadély se dodatetné prizkumné vrly a seismicka
méfeni, kterd mila upfesnit vysledky vrtu a pomoci piesnéji stanovit prubéh skalniho
podloZi. Stanoveni vetknuti potfebného pro dostatetnou stabilitu jimky a pro za-
brénéni prolomeni dna vykopu bylo klicovou zéleZitosti projektu. Do koneéného pro-
jektu se nezapracovalo pouziti mikropilot u pat $tétovnic pro zvyseni odolnosti proti
boénimu posunu, injekta pat Stétovnic a rozfiznuti skaly pred beranénim. Pro za-
jisténi jimek byly pouZity kruhové ramy z | profilt (pievazky). Montovaly se z dili vy
robenych pfevazné mimo stavenité a v zavislosti na hloubce jimky jich bylo
osazovano 4 az 6 kus(. Vzdalenost hornich ramd byla 3,5 aZ 4 m, spodni rémy byly
od sebe vzdaleny 1,8 a7 2 m.

V&tsina problému technologie vystavby se vyfesila pfi stavbé prvnich dvou sekei.
Specignl podminky vznikly, kdyZ uroven skalniho podloZi byla stejna jako Uroveri dna
vykopu, ale pracovni ¢ety mély jiz dost zku$enosti pro jejich zvladnuti. Projektem
navrZend opatfenf pfi odstrafiovani prevazek pfi postupném provadéni zpétného z&-
sypu v8ak byla nedostate¢na a musela byt doplnéna. Stabilita jimek a jejich deforma-
ce v priibéhu vykopovych i navazujicich praci byly trvale monitorovany. Naméfené
hodnoty i zku$enosti z provadéni pracf se pribézné analyzovaly a vyuzivaly pro do-
plnéni neho zlepseni projektového fesenl. Prokézalo se, Ze patni pfevazka mé zasad-
ni vyznam pro stabilitu jimek. Jako na kazdé sloZité stavbé se ovSem vSe nezdafilo
Doslo k destrukci dvanacté atypické pravouhlé jimky. Nadtésti nedodlo k ztratam na
Zivotech a zpoZdéni se podafilo elimingvat

Vychodné od feky Cook's River podchézi tunel Sestipruhovou délnici tésné u pilife
dalni¢niho mostu pfes tuto feku V tomto Useku je tunel zaklddan pfimo na piskovci
a v ném se také provadi vykop pro jeho stavbu. Stény tunelu byly betonovény piimo
do hory, tim do&lo k zmenseni boéniho tlaku, a to umoznilo zesthlit konstrukci a snizit
naklady stavby. Kombinaci foliové izolace, podélného tésnéni stén a drendzni vrstvy
pod dnem tunelu bylo dosaZena i snizeni hydrostatického tlaku na konstrukei tunelu
Most musel byt provizorné podepren a prace se provadély po jednotlivych krocich,
aby provoz na dalnici nebyl pferugen

Zavér

Cela stavba je také zajimava z hlediska financovani a podilu na planovani projektu,
a to Ucasti vefejnéno i soukromého kapitalu. Vefejny sektor financoval vlastni stanici
Wolli Creek, tunely, koleje a drézni zafizeni (signalizace, komunikaéni kabely ap.)
Stanice Mascol, Green Square a dvé stanice na letisti financovaly a provozuji sou-
kromé firmy v ramci prondjmu dohodnutého na dobu tficeti let. Podle uzavrenych
dohod soukromé firmy, sdruzené v australsko-francouzské spole¢nosti Transfield
Bouygues Joint Venture, vyprojektovaly a postavily celou stavbu jako dodavku na
kli¢. Po ur¢itou dobu budou provadét i udrzbu ¢asti dila, ktera patfi vefejnému sek-
toru. Po ftficeti letech provozovani vrati Transfield Bouygues Ctyfi stanice statnim
draham

Novd jizni Zelezniéni trat byla uvedena do provozu v kvétnu roku 2000.

Podle zahrani¢nich podkladi zpracoval:

max. zatizeni povrchu
max. surface loading

6 Mpa
150 Kpa
Piskovec min. nadlozi
Sandstone rock min. cover

=

min. vzdalenost lice
piloty od tunelu
min. distance

of a pile face from

the tunnel
LL 1 ,5 m

Obr. 4. Priklad omezujicich podminek pro vystavbu tyfpodlazniho objektu
v domécim terminalu letisté. Novy tunel byl razen v piskovci.

Fig. 4. An example of the criteria adopted for the construction

of a four-storey structure at the domestic terminal. The new tunnel was
driven in standstone

1,5m

toe ring beam was cast. The rock toe-in was required in the temporary con-
dition prior to the fast strut being installed. The main issues of the coffer-
dams design consisted in the toe embedment depths, the struts and the
method of construction and re-use of the sheetpiles and struts. Toe restraint
was not a concern in the central section, where adequate embedment in the
riverbed was anticipated. Additional boreholes were drilled to determine
more accurately the rock head levels plus a geophysical survey was carried
out to correlate borehole results. The critical design was the toe embed-
ment: The cofferdam stability depended on adequate toe restraint. Em-
bedment was also required against piping failure. Shear pins, grouted toe
and pre-splitting were not incorporated into the final design. Predominantly
fabricated steel "I" section rings were used for the strutting. Four to six levels
of struts were installed dependent on the depth of the cofferdam. Top struts
were typically 3.5 to 4 m cenires, and the lower struts 1.8 to 2 m

Most construction issues were solved during the construction of the first two
segments. Special conditions were encountered according to the level of
rock head relative to the base of the excavation, but the crew became prac-
tised. The designed method of releasing the walers during the progressive
backfilling was not perfect and had to be optimised. Stability of the coffer-
dams, their deformation in the course of excavalion and subsequent works
were monitored permanently. The values measured, and the experience of
the works execution were analysed regularly and utilised for amendments
improving the design. It was proved that the rock toe/additional bottom strut
was vital to the stability of cofferdams. As it is on any complex construction,
something failed from time to time. The twelfth cofferdam, a rectangular
shaped box designed by others, is an example of such a failure. Fortunately
there was no loss of life and the delay was eliminated

To the west from the Cook's River, the tunnel underpasses a six-lane motor-
way just south of the abutment of the motorway's bridge over the river. In this
section, the tunnel is entirely founded on sandstone in which the excavation
for tunnel construction was carried out. This enabled the contractor to
economise the cross section of the structures, taking advantage of the
reduced lateral loading as the tunnel walls could be cast directly against the
vertically excavated sandstone. Although, it was necessary to also reduce
hydrostatic pressure around the tunnel. This was achieved by a combination
of waterproof membranes, longitudinal sealing of the walls and a drainage
blanket below the tunnel sofit

The bridge had to be supported temporarily, and the works were staged so
as to avoid disruption of traffic on the motorway.

Conclusion

The entire project is interesting in terms of its funding and the share of the
project planning through participation of public and private capital. The
Wolli Creek Station, tunnels, trackwork and the fitout of the railway systems
were funded by the public sector, The Mascot, Green Square and the two
stations at the airport were funded and are operaled by private companies in
the framework of a 30-year lease concession. On the basis of the design-
and-build contract, the project was implementd by private companies joined
in Auslralian/French joint venture Transfield Bouygues Joint Venture. The
joint venture will also provide maintenance of the publicly owned part for a
certain time. After thirty years Transfield Bouygues will return the four sta-
tions to the state-owned railways.,

The new railway line was commissioned in May 2000

According to foreign sources compiled by: Ing. Miloslav Novotny

Dokoncené sekce tunelu
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Obr. 5. Postup vystavby tunelu pod dnem feky Cook’s River
Fig. 5. The river crossing cofferdam sequence
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ZPRAVY Z TUNELARSKYCH KONFERENCI

NEWS FROM TUNNELLING CONFERENCES

5. MEZINA'FIQDNI' SYMPOZIUM O TUNELECH
A PODZEMNICH STAVBACH - LUBLAN

Ve dnech 20. az 22, z4fi 2000 se uskutecnil jiz paty roénik tunelafského sym-
pozia, kleré se kon4 vzdy v sudych letech v hlavnim mésté Slovinska —
Lublani. Sougasti sympozia byla i tentokrat vystavka a prezentace firem
a exkurze na tunelové stavby ve Slovinsku.
5. mezinarodni sympozium zahrnovalo 32 referatd, rozdélenych do 5 tema-
tickych sekci:

1. Geotechnicky priizkum

2. Projektovani, stavba a sanace podzemnich staveb

3. Ochrana Zivotntho prostfedi pfi podzemnim ukladani odpadi

4. Materidly a zafizenf

5. Bezpelnostni opatteni v podzemnich stavbach )
Pfednesené referaty postihovaly pomérné Sirokou problematiku. Uvodni
pfednadku pfednesl svym typickym, ponékud kontroverznim, zplsobem
prof. K. Kovari. Na pfikladé nového Zelezni¢niho tunelu v Curychu se zaméfil
na problematiku mélkych tuneld a jejich vlivu na povrch. V této souvislosti
prezentoval rozsahlou sbirku plsobivych fotografil havarijnich situaci z této
oblasti,
V prvni sekci byla pozornost zaméfena na metody a vysledky geologického
a geotechnického prizkumu v Gsecich projektovanych tuneld sitnicni a dal-
niéni sité ve Slovinsku, resp. v Chorvatsku. Zajimavy referat M, Carmanoveé
se zabyval srovnanim vysledk( geologického a geotechnického prizkumu
u celkem 10 silni¢nich tunelll se skutecnymi poméry pfi razbé tak, jak se
projevily v hodnotach naméfené konvergence. Pomérné rozsahla databaze
hodnocenych vysledkl umoznila jejich statistické zpracovani a stanoveni
koeficientl korelace jednotlivych ukazateld,
V sekci o projektovani a vystavbé tuneld byla publikovana studie kolektivu
autorti pod vedenim prof. BajZelje, zabyvajici se feSenim dopravni situace
Lublané s vyuzitim podzemni dopravy. Autofi na zé&kladé rozboru vyvoje
pozadavkd na osobni dopravu a s pfihlédnutim ke geclogickym a geotech-
nickym podminkdm dochdzeji k ndzoru, Ze nejvyhodnéjsi fedeni predstavuje
podzemni tramvaj (metro), jejiz trasy kopiruji povrchové Zelezniéni linie.
Analyzu dosavadnich vysledkd razeb silni¢nich tuneld ve Slovinsku do roku
2000 obsahuje Clanek doc. Likara, ktery mj. srovnava dosazené vykony
razeb v rozdilnych podminkéach na zékladé klasifikace podle rakouské normy
ONORM B 2203,
V sekci, zabyvajici se ochranou Zivotniho prostfedf pfi ukladani odpadd,
byla zna¢na pozornost vénovana studii podzemniho GloZigté nizko a stiedné
radioaklivnich odpad(, o jeho? vystavbé se ve Slovinsku uvazuje. V této
sekei byly také prezentovany dva ceské pfispévky, které se zabyvaly t&s-
nicimi injektdZzemi tlakovych zatek podzemniho kavernového plynového
zasobniku (prof, Aldorf et al.) a nékterymi geotechnickymi aspekty podzem-
ntho meziskladu vyhotelého jaderného paliva (R. Sfupéarek).
Sekce pro material a vybaveni obsahovala pfedevsim ptispévky tykajici se
dratkobetonu, vyztuznych betonovych prefabrikatl nebo chemickych pisad
do stfikaného betonu.
Souc¢ésti sympozia byla exkurze na stavbu nejdel$iho dalniéniho tunelu
Trojane na trase Lublaf - Maribor. Celkové Ize konstatovat, Ze program vy-
stavby silni¢nich tunell ve Slovinsku postupuje podle pGvodniho planu,
i kdyZ s jistym zpozdénim. V souasnosti se pfipravuje rozsahly program
sanace a vystavby Zeleznignich tuneld, ktery souvisi s rekonstrukei trati pro
zvySovani rychlosti viakd

RAKOUSKY TUNELARSKY DEN 2000
A 49. GEOMECHANICKE KOLOKVIUM
V SALCBURKU

Ve dnech 11. az 13. fijna 2000 probéhly v Salcburku dvé vyznamné a tra-
diéni mezindrodni akce: Rakousky tuneldfsky den 2000 a 49. geomecha-
nické kolokvium 2000. Zi¢astnilo se jich pfes 500 odbornikd z 12 zem, pie-
vahu acastniki, vzhledem k zaméfeni obou akel, tvofili pfirozend Rakusani,
Némei a Svycafi. Souéasti akei byla | pomémé komorni vystavka geolech-
nicky zaméfenych firem

Rakousky tunelafsky den 2000 probéhl v jednom dni ve dvou sekcich: Sekce
A byla vénovana mechanizaci pfi konvencni vystavbé tunell a sekce B ino-
vacim v mechanizované vystavbé tunelli. V obou sekcich odeznélo 13 pred-
nasek, které byly publikovany ve shorniku Osterreichischer Tunneltag 2000
(Salzburg, 11. Oktober 2000), kiery vydal Osterreichisches Nationalkomitee
der ITA (Rakousky narodni komitét ITA),

THE 5" INTERNATIONAL SYMPOSIUM ON TUNNEL
CONSTRUCTION AND UNDERGROUND STRUCTURE

For already the fifth time, a tunneling Symposium, which takes place in
Slovenian capilal - Ljublfana every even year, was held on 20th - 22nd Sep-
tember 2000. As usually, an exhibition, company presentations and excur-
sions to tunnel construction sites in Slovenia were par! of the Symposium,
The fifth international Symposium involved 32 papers, divided into § topic
sections:

1. Geotechnical exploration

2. Design, construction and rehabilitation of the underground works

3. Environmental protection during underground waste disposal

4. Materials and equipment

5. Safety measures at the underground works
The presented papers concerned a relatively wide spectrum of problems.
The initial lecture was delivered by Prof. K. Kovari with his specific, slightly
controversial style. With the example of the new railroad tunnel in Zurich, he
focused on the problems of shallow tunnels and their impact on the surface.
In such connection, he presented an extensive collection of impressive pic-
tures of collapse siluations within this area
Within the first section, the altention was drawn to the methods and results of
the geological and geotechnical exploration in sectors of projected tunnels
of the road and highway nelwork in Slovenia res. Croatia. An interesting
paper by M. Carmanové dealt with comparison of the geological and geo-
lechnical exploration resulls of altogether 10 road tunnels with real condi-
tions of the excavation, exactly how they manifested themselves in the va-
lues of measured convergence, A relatively extensive database of evaluated
results enabled their statistical processing and determination of correlation
coefficients of the individual indicators.
Within the section dealing with design and construction of tunnels, a study
by a body of authors under the leadership of Prof. Bajzelj was published,
describing the solution of transporlation situation in Lijubljana using the
underground lransportation. Based on the analysis of development of
demands an personal transportation and with regards to the geological and
geotechnical conditions, the authors take the opinion, that the most favor-
able solution is represented by an underground tram (subway), whose lines
copy the surface railroad lines.
An article by doc. Likar, which among other compares the achieved excava-
tion outpuls in various conditions based on the classification according te
the Austrian norm ONORM B 2203, includes the analysis of hitherto road tun-
nels' excavation results in Slovenia until the year 2000.
Within the section, dealing with environmental protection during the under-
ground waste disposal, a large atlention was dedicated lo the study of
underground storage for low and medium radioactive waste, whose con-
struction in Slovenia is still being considered. Also two Czech contributions,
dealing with the sealing grouting of pressure plugs in the underground ca-
vern gas storage (Prof. Aldorf et al.) and various geotechnical aspects of the
underground fransitory storage for spent nuclear fuel (R. Siupdrek), were
presented in this section.
Section for material and equipment included mostly contributions concern-
ing steel fiber reinforced concrete, reinforcing concrele profabricates or
chemical additives to the shotcrete.
An excursion to the construction site of the longest highway tunnel Trojane
on the route Ljubljana - Maribor was part of the Symposium. Overall, it can
be stated thal the program of road tunnels' consiruction in Slovenia pro-
ceeds according o the original plan, although with a certain delay, Cur-
rently, a vast program of rehabilitation and construction of railroad tunnels,
which coheres with the reconstruction of lines for the train speed escalation,
is being prepared. Ing. Richard Sriupérek CSc.

AUSTRIAN TUNNELING DAY 2000
AND 49" COLOQUIUM ON GEOMECHANICS
IN SALZBURG

During October 11 — 13, 2000, two significant and traditional international
evenls fook place in Salzburg: Austrian Tunneling day 2000 and 49th
Colloquium on Geomechanics 2000. Over 500 professionals from 12 countries
participated, Majority of the participants, due to the focus of both events, was
naturally made up of Austrians, Germans and the Swiss. A relatively small
exhibition of the geotechnically-focused companies was part of the events.
The Austrian Tunneling Day 2000 went through one day in two sections:
Sectlion A was dedicated to the mechanization for conventional tunnel con-
struction, and Section B to the innovations in mechanized tunnel construc-
tion. Thirteen papers were presented in both sections. They were published
in the Osterreichischer Tunneltag 2000 volume of papers (Salzburg, den
11. November 2000), which was issued by Osterreichisches Nationalkomitee
der ITA (the Austrian national ITA committee).
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49. geomechanické kolokvium bylo zaméfeno na 4 tematické okruhy, a to:

» dlouhodobé chovani udolnich pfehrad,

» praxe vytvareni smluv a postup jednani pfi vystavbé tuneld,

+ co umoZiiuje geofyzika,

« fizeni bezpecénosti a jakosti v podzemnim stavitelstvi.

Na Geomechanickém kolokviu bylo pfedneseno 26 pfednések, které (s vy-
jimkou dvou dodate¢né zafazenych) byly publikovény v ¢asopise FELSBAU
Rock and Soil Engineering 5/2000.

Rakousky tuneldfsky den 2000 jednoznac¢né ukdzal a potvrdil vyznam do-
pravnich i inZzenyrskych tuneld v dnesni spolednosti. Velmi pfesvéd¢ivé to
uvedla uvodni prednaska Prof. Dr. Ing. Alfreda Haacka, prezidenta
ITA/AITES. Dal$i pfednéasky pak vyznély ve znameni pokroku a inovacf razici
techniky, a to jak razicich, tak i vrtacich strojl a zafizeni pro vyztuZovani.
Prednasejicl i diskutujici vyslovili pfesvédéent, Ze vyvoj tunelovacich metod,
zejména pro obtizné podminky, jaké budou vyvolany reélnou potfebou
budovani téchto podzemnich dél, neni jesté zdaleka ukoncen. Potfeba dalsi
a intenzivni vystavby tunel vyplyva mimo jiné z projektd a zamérl budovani
vysokorychlostnich dopravnich tras silni¢nich i Zelezni¢nich, napojenych na
inovované dopravni sité v zemich stfedni a vychodni Evropy, tedy i Ceska
Tematika 49. geomechanického kolokvia byla pestfej$i. Na problematiku tu-
nelovani navazoval druhy tematicky okruh, v némz byla vénovana pozornost
zejména problémim souvisejicim s vypisovanim vefejnych soutézi, tendrl
apod. na velké a nakladné inZenyrské stavby a na vyhodnocovani téchto
soutézi, navazné smluvni vztahy, kontroly plnéni zavazk(, spolupréci podile-
jicich se firem apod. Kolem této problematiky probéhla také ¢asto i vzruSena
diskuse, ktera ukazuje, Ze v oblasti statnich zakdzek a smluvnich vztahd
existuje i v zemich s dlouhou tradici trzni ekonomiky a demokratického fizeni
fada problémda,

Také problematika fizeni bezpe¢nosti a jakosti je problematika pfesahujici
technickou stranku inzenyrské ¢innosti a zasahujici vyznamné do legislativy.
Plati zde obdobnd situace jako v pfedchozim pfipadé - fada pozadavki se
v praxi obtizn& plini, pfi¢emz se ov8em zdiraznilo, Ze dobré a vstficna spo-
luprace zagastnénych firem a organd ve véech fazich vystavby dila (od pro-
jektu aZ po realizaci) je vyznamnym pfispévkem pro dosaZeni potfebné
nejvyssi bezpecénosti a jakosti

Zbyvajici dvé témata (dlouhodobé stabilita pfehrad a moZnosti geofyziky)
byla jiz technického, resp. védeckotechnického charakteru.

Prvé téma vychazelo ze skuteCnosti, ze fada udolnich pfehrad byla vystavé-
na jiz pfed nékolika desitkami let, nékteré ve velmi obtiznych geotechnic-
kych podminkéch, takZe na nich Ize jiZz pozorovat plsobeni ¢asového fak-
toru, resp. se musf pfikrogit k sanacim. Na kolokviu byly na pfikladech z pra-
xe demonstrovany uspésné zdsahy veetné rozboru geologické a geomecha-
nické stranky problematiky.

Vzhledem k neustale rostouci dllezitosti kvalitnich podkladl pro vystavbu
inZenyrskych dél byly v samostatné sekci podrobné projednany moznosti
geofyziky. Geofyzika byla pojata jako soucast geoinformatiky, chapané jako
syntéza poznatkl, vyplyvajicich z uplatnénf fady klasickych i neklasickych
prizkumnych i vyzkumnych metod, pfi¢em? tato syntéza se provadi s uplat-
nénim moderni vypocetni techniky a softwaru. Nova kvalita vyplyva pak z to-
ho, Ze nejsou jednotlivé informace (geologické, geomechanické, geofyzikal-
nf apod.) prezentovany samostatné, ale spole¢né, s respektovanim vzajem-
nych vazeb a souvislosti, které z prlzkumnych pracf vyplyvaji. Takto pojaty
materidl je tedy bohat$i a komplexnéjsi.

Z hlediska uZivatele neni zanedbatelna ta skute¢nost, Ze prezentace a uziti
vysledkl pomoci nejnovéjsich softwarovych prostiedkl umoZiuje zobrazit
prostorové modely se znazornénim pozadovanych parametrQ, jakoZz i jejich
natac¢eni a automatickou konstrukei fezl (napf. podél projektovanych tras
nebo v pfiénych fezech). Samozfejmosti je zobrazeni geologickych pomérd
v&etné interpretace strukturnich prvk{. Byla konstatovadna vysoka vypovidaci
schopnost novych metod gecinformatiky. Snad jedingm souasnym prob-
Iémem, narazejicim na kapacity fesiteld a finanéni stranku véci, je "upgrade’
existujicich modelll v souvislosti se ziskavanim novych poznatkd. Bylo kon-
statovéano, Ze v nékterym pfipadech, bohuZel, zlstava pouze u primarniho
modelu a pravidelné dopliiovani a reinterpretace novych poznatkl se zaned-
bavaiji.

Obé akce - Tunelafskyi den 2000 i Geomechanické kolokvium také potvrdily,
Ze vyvoj techniky a technologie je bezprostfedné spojen s postupem pozné-
ni v teoretické i aplikované geomechanice a pfibuznych védach. Lepsi po-
znani horninového masivu a materiald, které ho budujf, umoznuje optimalizo-
vat inZenyrské postupy a volit optimalni technologie. Jednoznacné se do-
kladovala i ekologicka vyhodnost a efektivita podzemnich staveb a tuneld,
které jsou na modernich dopravnich trasach nezastupitelné

Dal$i jubilejni 50. geomechanické kolokvium se planuje na 11. a 12. fijna
2001 pochopitelné opét v Salcburku a bude podle pfedpokladi zaméfeno na
tyto problémové okruhy:

» geomechanické zaklady moderni vystavby inZenyrskych dél v horninovém
masivu,

« kvantifikace v inZzenyrské geologii,

» bezpeCnostni opatfeni v mélkych tunelech,

» vyvoj tunelovani, vzorové pfiklady.

Je zfejmé, Ze jak z hlediska zaméfeni, tak i z hlediska kvality a vyznamu geo-
mechanickych kolokvii v Salcburku, a v neposledni fadé i vzhledem relativni
dostupnosti pro ¢eské Gcastniky, jde o akci, které je vhodné se ztéastnit.

49" Colloquium on Geomechanics was focused on 4 topic circuits, and thus:
+ Long-term behavior of dams;
o Practice of contract development and procedure of negotiations at tunnel
construction;
» What does geophysics allow;
« Safety and quality management in underground engineering.
Within the geomechanical colloquium, there were 26 papers presented,
which were (excepting two additionally inserted) published in the magazine
FELSBAU Rock and Soil Engineering 5/2000.
The Austrian tunneling day 2000 explicitly showed and confirmed the signifi-
cance of transportation as well as engineering tunnels in today's society. This
was persuasively introduced in the opening address by Prof. Dr. Ing. Alfred
Haack, the ITA/AITES President. Next papers then reflected the progress and
innovations of the excavation techniques, and thus driving as well as drilling
machines and equipment for installation of tunnel support. Both the speakers
and the debaters expressed the opinion that development of tunneling meth-
ods, especially those for challenging conditions, which will be evoked by a
real need for construction of these underground works, is by far not yet fi-
nished. The need for further and intensive tunnels development results among
other also from projects and intentions for construction of high-speed road as
well as railroad Iraffic routes, connected to the innovated traffic networks in
Central and Eastern European countries, and thus also to the Czech Republic.
The topics of 49th colloquium on geomechanics were more varied. The se-
cond topic circuit followed the issues of tunneling. Within this circuit, the
attention was dedicated especially to problems concerning the process of
calling public tenders for large and expensive engineering projects and
evaluation of the tenders, consequent contractual relations, control of obli-
gations fulfillment, cooperation of the other companies involved, etc. An
emotional discussion, showing that in areas of governmental orders and
contractual relations there is a lot of problems even in states with long-
standing tradition of market economy and democratic way of governing,
often appeared.
The issue of safety and quality management is an issue, which goes beyond
the technical aspects of an engineering activity, and it significantly inter-
feres with the legislation. A similar situation as in the previous case applies
here as well. A number of requirements are tough to bring into reality, while
it was stressed that beneficial and cordial cooperation of the participating
companies and institutions in all phases of the construction process (from
design until realization) is a significant contribution to achievement of
required highest safety and quality.
The remaining two topics (long-term stability of dams and geophysics poten-
tial) were of technical or scientific-technical character
The first topic results from the reality that a number of dams were construc-
ted already decades ago, some of them in greatly challenging geotechnical
conditions, so it is possible to observe the impact of time factor, or rehabili-
tation work has to come at hand. Within the colloquium, successful interven-
tions were presented on examples from experience, including the analysis of
geological and geomechanical aspects of the problem.
With regards to constantly increasing importance of high-quality source docu-
ments for planning and implementation of civil engineering projects, the
potentials of geophysics were discussed into detail in a separate section.
Geophysics was taken as part of geoinformatics, understood as a synthesis of
knowledge, deriving from the use of a number of standard as well as non-
standard exploration and research methods, while this synthesis is elaborated
with the use of modern computing techniques and software. The new quality
then results from the fact that the individual information (geological, geome-
chanical, geophysical etc.) is not presented separately, but in an aggregated
form, with respect to mutual connections and contexts, which derive from the
research works. Thus taken material is therefore richer and more complex
From the user's point of view, it is not possible o neglect the reality that
presentation and use of results, using the newest software tools, allows to
display cubical models with illustration of required parameters. It also allows
rotation of the models and automatic construction of cross profiles (for
instance along designed alignments or in a form of cross profiles). The illus-
tration of geological conditions including interpretation of structural elements
is self-evident. A high information-ability of the new geoinformatics methods
was stated. Perhaps the only current problem, struggling with the capacity of
solvers and the financial aspect of the matter, is the "upgrade’ of the existing
models in coherence with acquirement of new knowledge. It was stated that
in some cases, unfortunately, it is limited to the primary model only and re-
gular upgrades and reinterpretations of new knowledge are being neglected.
Both events - tunneling day 2000 and the geomechanical colloquium also
confirmed, that the development of technique and technology is immediate-
ly linked to the advance of knowledge in theoretical and applied geome-
chanics and related sciences. Better cognition of a rock massif and mate-
rials, which form it, allows to optimize the engineering procedures and to
select optimal techniques. The environmental advantage and effectiveness
of the underground structures and tunnels, which are at modern traffic
routes essential, was also explicitly evidenced.
The following jubilee 50th geomechanical colloquium is being planned on
October 11 - 12 2001, comprehensively again in Salzburg, and will be
according to expectations focused on these topic circuits:
+ Geomechanical frameworks of modern engineering works' construction in
rock massifs;
» Quantification in engineering geology,
« Safety measures in near-surface tunnels;
» Development of tunneling, model examples.
It is obvious that from the focusing point of view, but also from the viewpoint
of quality and significance of the geomechanical colloquiums in Salzburg,
and last but not least with regards to relative availability for Czech partici-
pants, it is an event that is worth taking part in.
Doc. Ing. Petr Koneény, CSc.,
Ustav geoniky/Institute of geonics, AV CR, Ostrava
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SILNICNi KONFERENCE 2000

Ve dnech 17. az 18. fijna 2000 se konala pravidelna, v pofadi jiz 8. konfe-
rence odborné vefejnosti zabyvajici se silni¢nim stavitelstvim, Pofadatelem
byly Ceské silni¢ni spole&nost, Ministerstvo dopravy a spojd CR a Redi-
telstvi silnic a dalnic CR ve spolupraci s Agenturou Viaco a méstem Hradec
Kralové,

Hlavnim cilem této konference bylo sezndmeni odborné vefejnosti s aktualni-
mi problémy a ukoly silni¢niho hospodéafstvi zejména vzhledem k omezenym
finan¢nim zdrojdm statniho rozpod&tu na vystavbu a opravy silnic a dalnic.
Pozornost byla zaméfena na legislativni otdzky v souvislosti s pfipravovanou
transformaci statni spravy, na sblizovani legislativy s legislativou EU, déle
na otazky rozvoje silni¢ni sité a otazky technického rozvoje

Hlavni pozornost byla vénovdna novému organizaénimu uspofadani sil-
ni¢niho hospodarstvi s ohledem na vznik krajd a zaloZeni Statniho fondu
dopravni infrastruktury Ceské republiky.

Konference vyvolala znaény zajem. Zuc¢astnilo se ji pfes 800 odbornik(, ktefi
vyslechli 21 pfispévkd na vy$e uvedend témata. Hlavné prispévky ministra
ing. Schlinga a feditele Statntho fondu dopravni infrastruktury ing. Svagra
nastinily optimalni vyvoj vystavby dalnic a silnic do r. 2010 a jejich budoucf
propojeni se siti EU. Z hlediska zaméfenf na tunelové stavby je vyznamné,
Ze v prioritach pro nejblizsi roky jsou zafazeny délniéni propojeni se Saskem
komunikaci D8, dokoneni obchvatu Plzné a zahdjeni vystavby D47 v pros-
toru Ostravy. Na v8ech uvedenych dsecich se vyrazné uplatni tunelové stav-
by jako vyznamny stavebni prvek nenarusujfci zivotni prostfedi a optimalizu-
jici dopravni parametry. Financovani v pfistich letech bude pfevazné z Fon-
du dopravni infrastruktury, jeho? &innost schvalil Parlament CR zakonem
¢. 104/2000. Pro rok 2001 se pfedpoklada ziskat 31 mid. K¢, ze kterych by
se 16,5 mld. K¢ pouzilo na rozvoj dopravni infrastruktury a zbyvajici pro-
stfedky na Udrzbu a modernizaci Zeleznice ¢i Ghradu splatek dvérd.

V pfispévcich byla také konstatovana neuspokojiva situace ve vystavbé dal-
nic, kterych je v souc¢asné dobé v provozu 499 km, coz &ini 6,3 km/1000 km?,
zatimco ve vyspélych zemich dosahuje tento ukazatel az 55,1 km/1000 km?
Pritom dalnice v CR zprostfedkovavaji a2 9 % dopravniho vykonu. Pro rea-
lizaci vystavby délnic a rychlostnich sitnic by bylo Zadouci v obdobi 2000 az
2010 vynalozit 57 mld. K&.

I kdyz z hlediska technické politiky bylo jednani zaméfeno pfedevsim na
problematiku vozovek, jak asfaltovych, tak i cementobetonovych, naméstek
technického feditele RSD ing. Paclik zddraznil i problematiku vystavby tu-
neld. Byly vyspecifikovany tunely na dalnicich D8, D5 a D47, které budou
dvoutubusové, kazdy se dvéma jizdnimi pruhy a bo&nim chodnikem. Prifezy
jsou 60 az 75 m? pfi stoupani do 4 %. Pfedpokladané prlizkumné toly upfes-
ni geologické a hydrogeologické podminky pfed vlastni razbou tuneld,
pfi které se uvazuje o vyuziti nové rakouské tunelovaci metody.

V legislativni a technické oblasti se vyznamné podilf na tvorbé smérnic {pod-
minek) pro vystavbu a vlastni provoz tuneld na pozemnich komunikacich
tunelové sekce Ceské silnigni spolednosti. .
Problematika dopravni telematiky, kterou pfednasel Doc. Ing. Pfibyl, CSc,
byla dal$i dilezitou ¢asti konference. Dopravni telematika se velmi vyznam-
né tyka tunelovych staveb, hlavné po poslednich havarijnich udalostech
v zdpadni Evropé.

Pro rozvoj silni¢niho stavitelstvi je velmi vyznamna spoluprace se svétovou
asociaci PIARC, jejiz svétovy kongres probéhl v fijnu roku 1999. K sezné-
meni odbornikl s jeho pribé&hem Ceska silniéni spole¢nost uskutecnila
v Kroméfizi v dubnu 2000 seminaf s ndzvem Pfinosy XXI. svétového sil-
ni¢niho kongresu. O pracovni skupiné C5 — silni¢ni tunely referoval na tomto
seminafi ing. Skvor z Pragoprojektu. Hlavni témata byla zaméfena na:

* snfZenf provoznich nakladu;

* znediténi zivotniho prostredi, ventilace;

+ zakryté silnice;

* bezpeénost, dopravni znaceni a jeho velikost,

» doprava nebezpeéného nékladu;

* kontrola vzniku poZaru a koufe.

Pro dalsf rozvoj nasich tuneld jsou dlleZité zavéry a doporuceni tykajici se
znedisténi zivotniho prostiedi, bezpe&nosti dopravy z titulu velikosti pfic-
nych fezd, organizace dopravy a technologického vybaveni. Patfi sem i opa-
tfeni proti vzniku poZéru a koufe v tunelech.

Spolupraci s mezinarodni tunelovou sekcl C5 zajistuje nade tunelové sekce
CSS. Se zavéry a programem jeji Ginnosti budeme pravidelng informovat
v tasopisu Tunel,

THE ROAD CONFERENCE 2000

During the 17th - 18th October 2000, already the eighth regular conference
for professional public community dealing with the road engineering has
taken place. The promoters were the Czech road-building society, the
Ministry of Transport and Communications of the Czech Republic and the
Directorate of Roads and Motorways of the Czech Republic (DRM) in co-
operation with the Viaco agency and the cily of Hradec Kralové.
The main goal of this conference was to inform the professional public com-
munity of current problems as well as tasks of roads maintenance, especial-
Iy with regards to limited financial sources of the state budget on constrution
and maintenance of roads and highways. The attention was focused on le-
gislative issues in coherence with the prepared transformation of public
administration, and on convergence of the legislation with the EU legislation,
moreover on issues of development of the road network and issues of the
technical development.
The main attention was devoted to the new organizational structure of the
road maintenance, regarding to the formation of Regions and establishment
of the State fund of transportation infrastructure of the Czech Republic.
The conference has raised a significant interest, More than 800 professio-
nals took part. They heard 21 coniributions on the aforementioned topics.
Mainly the contributions of Minister Ing. Schiing and of chief of the State
fund of transportation infrastructure Ing. Svagr outlined an optimal develop-
ment of the road and highway construction until 2010 and their prospective
interconnection with the EU network.
Concerning the focus on tunnel projects it is remarkable, that for immediate
years the highway interconnection with Sachsen by the D8 highway, comple-
tion of the Plzeri bypass as well as commencement of the D47 construction
in the area of Ostrava are rated among priorities. At all of the initiated sec-
tions, tunnel structures will markedly account for a significant engineering
element, not disturbing the environment and optimizing the transportation
parameters. The financing will, in the following years, mainly come from the
Fund of Transportation Infrastructure, whose activity was approved by the
Parliament of the Czech Republic in the law no. 104/2000. It is expected to
acquire 31 bill. K¢ for the year 2001, out of which 16,5 bill. K¢ would be used
for development of the transportation infrastructure and the residual means
on maintenance and modernization of the railroad tracks or on reimburse-
ment of the credit annuity.
Also within the contributions, the dissatisfying situation in constructions of
highways, 499 km of which are currently in operation and thus making up of
6,3 km/ 1000 knv, while in developed countries this indicator reaches even
55,1 km/ 1000 km?, was mentioned. Still, the highways transmit even 9% of
the transportation output. For the implementation of highway projects and
high-speed roads, it is desirable to invest 57 bill. K& between 2000 and 2010.
Although from the point of technical policy, the negotiation was especially
aimed at the problems of roads, both asphalt and cement-concrete, the DRM
technical director's deputy Ing. Paclik also emphasized the problems of tun-
nel constructions. There were tunnels on the D8, D5, D47 highways speci-
fied, which will be double-tube, each with two traffic lanes and a sidewalk.
The cross section profiles range between 60 and 75 m2 with the gradient of
4%. Expected exploration galleries will determine the geological and hydro-
geological conditions before the excavation of tunnels proper, for which the
use of the New Austrian Tunneling Method is being considered.
Within the legislative and technical area, the tunneling section of the Czech
road-building society is taking a significant part in creation of the statutes
(conditions) for construction and operation of road tunnels.
The problems of transportation telematics, introduced by Doc. Ing. Piibyl,
CSc. was an important part of the conference, The transportation telematics
greatly concerns the tunnel projects, especially after recent accident events
in Western Europe.
For the development of road engineering, a cooperation with the PIARC
world association, whose world congress took place in October 1999, is very
prestigious. To inform the professionals of its course, the Czech road-build-
ing society has in Kroméfiz April 2000 arranged a seminar with the title of
"Benefits of the XXI. World road congress®. Ing. Skvora from Pragoprojekt
reported about the Workgroup C5 - Road Tunnels at this seminar. The main
topics were aimed at:
* Heduction of the operation expenses;
» Environment pollution, ventilation;
» Covered roads;
« Safety, traffic signs and their size;
» Transportation of dangerous material;
* Fire and smoke control,
For further development of our tunnels, conclusions and recommendations
concerning the environment pollution, the traffic safety from the title of sizes
of cross section profiles, transportation organization and technological
equipment are very important. Also measures to prevent origin of fire and
smoke in tunnels belong to here.
Our tunneling department of the CSS ensures cooperation with the interna-
tional tunneling section C5. We will regularly inform of the conclusions and
the program of its activity within the Tunel magazine

Ing. Petr Vozarik
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Z CINNOSTI ODBORNYCH SPOLECNOSTI

ZAINTERESOVANYCH DO PODZEMNICH STAVEB

ACTIVITIES OF PROFESSIONAL CORPORATIONS
INTERESTED IN UNDERGROUND CONSTRUCTION

CINNOST SEKCE SILNIGNi TUNELY €SS
V ROCE 2000 A PLAN GINNOSTI PRO ROK 2001

Rozhodujici ¢innostl sekce Silnignf tunely CSS v uplynulém roce byla spo-
luprace ¢lend této sekce na dokongeni technickych podminek MDS pro
provozovani tunelovych &asti pozemnich komunikaci. Provozni fady a pod-
minky zpracovavané doposud nejen na Uzemi CR samostatné pro jednotlivé
tunelové Useky jsou nahrazovany pfedpisem podminek platnych jednotné
pro véechny tunely sité pozemnich komunikaci CR. V zavéreéném obdobi
zpracovavani uvedenych technickych podminek bylo nezbytné doplnit
pfipravované znéni v souvislosti s podminkami stanovenymi novymi zakon-
nymi Upravami, zejména zékonem o integrovaném zachranném systému
a zakonem o Hasi&ském zachranném sboru CR. V sougasnosti probihd ko-
rektura dokon&eného textu technickych podminek.

V souladu s planem ¢&innosti organizovala sekce v roce 2000 studijni cestu
na stavbu tunelu Westerschelde v Nizozemsku. Hlavnim poslanim studijni
cesty, které se zG¢astnilo celkem patndct odbornikl véetné pracovnikl MV
CR, bylo zejména podrobné seznameni Géasinikdl s koncepci zajigfovani
bezpecénosti budouciho silni¢nino provozu na tomto tunelovém Useku
Prezentace této problematiky a navazujici diskuse s pracovniky ministerstva
dopravy Nizozemska vytvofily zaklad pro pfisti spolupraci pfi vytvafeni
pravidel a podminek zajisfovani bezpetnosti v tunelovych dsecich pozem-
nich komunikaci. V ndvaznosti na uvedenou studijni cestu byl sekci Silni¢ni
tunely CSS a pobogkou CSS pfi RSD Praha organizovan seminaf o vystavbé
tunelu Westerschelde a o koncepci zajisténi bezpeénosti jeho budouciho
provozu. Hlavni referat prednesli pracovnici ministerstva dopravy Nizo-
zemska. Semindf se konal dne 11. 10. 2000 ve velké zasedaci mistnosti
budovy RSD v Praze za téasti &tyficeti odbornik(l z CR.

Cinnost sekce Silniéni tunely CSS v roce 2001 bude soustfeddna na dalsf
vytvafeni a zdokonalovani pravidel a podminek pro vystavbu a provozovani
tunelovych tsekl pozemnich komunikaci v CR. Plan &innosti predpoklada
provedeni nezbytné revize jiz dfive vydanych TP MDS pro zfizovéni techno-
logického vybaveni tuneld a revizi a dopinéni CSN 737507. Sekce Silnignf
tunely CSS se bude rovn&?, jako ¢len sdruzeni zhotoviteld, iéastnit zpraco-
vavani projektu MDS 803/110/105 Analyza a fizeni rizik v tunelech pozem-
nich komunikaci. Predpoklada se, Ze prace na projekiu, v ndvaznosti na
spolupréci zahajenou v roce 2000 s ministerstvem dopravy Nizozemska, se
budou koordinovat se zpracovavanim obdobného dokumentu, které bude
soutasné probihat v Nizozemsku.

Obdobné jako v pfedchozich letech predpokiada plan sekce Silniéni tunely
také v fetodnim roce organizovani studijni cesty pfedbézné dvanacti od-
bornikd na probihajicl vystavbu tunelovych Gsekl zapadni ¢asti A 86 dal-
ni€niho obchvatu PafiZze. Studijni cesta bude, kromé prohlidky vlastniho
technického fedeni dlouhych tunelovych ¢asti provadénych v méstském
prostiedi s pomoci velkoprofilovych razicich stroji, zaméfena na seznameni
se s fedenim odbocCovani a pipojovani dopravnich pruhi, se zajisténim bez-
pe¢nosti budouciho provozu v tunelovych ¢astech této pozemni komu-
nikace, se snizenim rizik vzniku pozard a navrhy opatfeni pro jejich likvi-
daci. Studijni cesta bude sou¢asti vymény technickych informaci, ktera je
organizovana v roce 2001 v ramci spoluprace Cesko-francouzské spoleé-
nosti a Velvyslanectvi Francie v CR

Ing. Jiff Smolik,
sekretaF sekce Silniéni tunely CSS
secretary of the CSS Road Tunnels Section

ACTIVITY OF CSS ROAD TUNNELS SECTION
IN THE YEAR 2000, PLAN OF ACTIVITY FOR 2001

The paramount activity of the CSS Road tunnels section in the previous year
was cooperation of the members of this section on completion of the MDS
(the Ministry of Transport and Communications) technical conditions for
operation of the tunnel sections of roads. Service instructions and condi-
tions, up to now elaborated not only within the area of the Czech Republic
separately for individual tunnel sections, are being replaced by a regulation
containing conditions uniformly valid for all tunnels of the CR's road network.
In the conclusive stage of elaboration of the aforementioned technical con-
ditions, it was necessary to amend the prepared version, in coherence with
the conditions determined by the new legisiative adaptations, especially the
Law about integrated rescue system and the Law about the rescue fire
brigade of CR. Currently, the correction of the completed text of technical
conditions is running

In coherence with the plan of activity, the section has in 2000 organized a
study journey to the construction site of the Westerschelde tunnel in the
Netherlands. The main objective of the journey, by which altogether 15 pro-
fessionals including employees of the MV CH took part, was in particular to
introduce to the participants the concept of the safety management of the
future traffic in this tunnel section. Presentation of these problems and the
consequent discussion with employees of the Ministry of Transport of the
Netherlands have created a ground for further cooperation by formation of
rules and conditions for safety management at tunnel sections on roads. In
connection with the mentioned study journey, CSS Road tunnels section and
its branch by RSD Prague (the Directorate of roads and highways of the CR)
have organized a presentation of the Westerschelde tunnel's construction
and the concept of the safety management of its future operation. The
Presentation, delivered by employees of the Ministry of Transport of the
Netherlands and with attendance of 40 professionals from the CR, was held
on October 11th 2000 in the large session room at RSD building in Prague
CSS Road tunnels section's activity for 2001 will be focused on further cre-
ation and perfection of the rules and conditions for construction and opera-
tion of tunnel sections on roads in CR. The plan of activity presumes to
ensure elaboration of essential revision of already earlier published TP
(Technical Conditions) issued by the MDS for establishment of technical tun-
nel equipment and revision of and amendment to the CSN 737507 standard
CSS Road tunnels section will also, as a member of the association of con-
tractors, take part in elaboration of the MDS 803/110/105 project "Analysis
and control of risks in road tunnels". Work on the project is expected, in con-
nection wirh cooperation with the Ministry of Transport of the Netherlands,
commenced in 2000, to be coordinated with elaboration of similar document,
whose elaboration will be going on in the Netherlands at the same time. As in
the previous years, CSS Road tunnels section's plan counts with an organi-
zation of a study journey also this year, and thus preliminarily of 12 profes-
sionals to the ongoing construction of tunnel sections in western part of the
A 86 highway bypass of Paris. The study journey will be, except of the pre-
sentation proper, containing the technical solution of long tunnel sections
realized within urban environment and the use of large-profile driving
machines, focused on introduction to the solution of detours and connec-
tions of traffic lanes, safety management of the future operation in tunnel
sections of this highway, reduction of risks of an outbreak of fire and pro-
posals on measures for their containment. The study journey will be one the
activities of technical information exchange, organized in 2001 within the
framework of Czech-French society and the French Embassy in CR.
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ZPRAVODAJSTVi CESKEHO TUNELARSKEHO KOMITETU ITA/AITES

CZECH TUNNELLING COMMITTEE ITA/AITES REPORTS

REDAKCNIi RADA NA KAPRUNU

Kaprun se zapsal neddvno po druhé do historie podzemniho stavitelstvi,
bohuZel, zvlasf tragicky. To v8ak jesté acastnici vyjezdniho zasedani
redakéni rady spojeného s exkurzi na podzemn( objekty tohoto zajimavého
vodohospodafského dila a sousedni podzemni lanové drahy na lyZafsky
atraktivni ledovec Kitzsteinhorn nemohli tusit, k jakému nestésti zde za tfi
tydny dojde. Nékolika obrazky toto rozsahlé vodni dilo pfipominame.
Redak¢ni rada zhodnotila svou €innost v uplynulém roce a vytycila cile pro
rok letodni, Jednim z nich je predstaveni ¢lenskych subjektd Ceského
tunelafského komitétu a Slovenské tunelafské asociace ITA/AITES na
strankach TUNELU s uvedenim zékladnich Gdaji o kaZdé organizaci, Byly
také stanoveny nové pokyny pro autory ¢lankd, které jsou vyvolany stoupa-
jicim vyuzivanim PC v edi¢nim procesu naSeho Casopisu, Uvadime je na
nasledujici strané.

= ¥ spelcher
ooserboden

- -
SK Héhenburg § 'Best, Elnlaufbauwerk

Zufahrtstunnel

i

tunnel

Obr. 1. Schéma podzemnich objektl vodniho dila Kaprun
Fig. 1. Underground structures of the Kaprun waterworks

CTuC EDITORIAL BOARD IN KAPRUN

Kaprun has recently entered the history of tunnel engineering a second lime,
unfortunately in a horribly tragic way. Although, the participants of the edito-
rial board's away meeting connected with an excursion to this interesting
waterworks and to the, for skiers attractive, neighbouring underground
funicular leading to the Kitzsteinhorn glacier could not have sensed what for
a disaster would happen there in three weeks. We are presenting several
pictures to recall this large waterworks

The editorial board evaluated its activities in the last year, and set the objec-
tives for this year. Among them there is the task to introduce the member
subjects of the ITAJAITES Czech Tunnelling Committee and the Slovak
Tunnelling Association on the pages of TUNEL magazine, together with
basic information on each organisation. Also, due to the increasing use of
PCs in our magazine's editorial process, the following new instructions to
authors of articles were established.

Lofer, Salzburg, Mihchien {thutolﬂﬁnbj A

Gerlos, —— 0
Zillertal, =)
Innsbruck o

=

Kraftwerk
Kaprun-Hauptstufe
Info-Zentrum
Sigmund-Thun-Klamm Hhes
Maiskogel ©
Maiskogel-Seilbahn
Klammspeicher.

Kesselfall Alpenhaus

1068 m

Lérchwand-Schrdqaufzug

. Kraftwerk
| Kaprun-Oberstufe

Kitzsteinhorn \ Stausce Wasserfaflboden

| 1672m

Besucherzentrum
-~ rErlebniswelt Strom u

Eise

| Stausee Mooserhésden

Obr. 2. Situace vodniho dila a podzemni lanové drahy na Kitzsteinhorn
Fig. 2. Plan of the waterworks and the underground funicular track to
Kitzsteinhorn
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POKYNY AUTORUM
KE ZPUSOBU ZPRACOVANI PRISPEVKU
DO CASOPISU TUNEL

Rukopisy je tfeba ptedlozit v nésledujici formé&, pfipadné
s dale uvedenymi pfilohami:

1. TEXT napsany na PC (WORD) bez zarovnavani, uloZeny
na disketé 1,4 MB v uspofadanf:
- ndzev ¢lanku
- autor/autofi, organizace
- text ¢lanku
- o¢islované podtitulky kreseb a fotografii
(na konec ¢lanku)

2. GRAFICKE PRILOHY (o&islované)

- bud na samostatném nosici (disketa, ZIP, CD,
format WORD, EXCEL, CORREL 8, PHOTOSHOP)

- nebo v grafické podobé

3. FOTOGRAFIE
- pfednostné v pozitivni formé
- nebo v digitalni formé (miZe byt spole¢né
s grafickymi ptilohami), av8ak s rozlienim min. 300 dpi

4. BAREVNE OTISKY textu a véech ptiloh (1x)

PRACOVNIi SHROMAZDENI
CESKEHO TUNELARSKEHO KOMITETU ITA/AITES

se konalo ve smyslu stanov a usneseni pfedsednictva dne 1. 12. 2000
v Navstévnickém centru Smichovského pivovaru za UCasti padesati za-
stupcll &lenskych subjektll komitétu. Predseda CTuK Ing. Jindfich Hess
informoval ve svém tvodnim slové o strategii a prioritdch &innosti ITA/AITES
v nejbliz&im obdobi. Prof. Ing. Jifi Bartak, DrSc., podal zpravu o mezinarod-
ni konferenci "Podzemni stavby PRAHA 2000" a zhodnotil jeji vysledky
a ohlas. Ing. Pavel Polak ve svém obsahlém vystoupeni uved! ve znadmost
zalozeni pracovni skupiny CTuK "Stifkany beton" a pfednes| vystizny prehled
0 vyuziti stiikaného betonu v podzemnim stavitelstvi vetné prikladd jeho
vyuziti, certifikace, receptur a zkou$ek. Specialni problematikou dratkobe-
tonu se pak ve své prednasce zabyval prof. Bartdk. Pracovni shroméazdéni
bylo zakon&eno diskusi a spole¢nym obédem

Obr. 3. Exkurze pfed Upatni podzemni hydrocentralou
Fig. 3 Excursion before the underground toe hydroelectric power plant

INSTRUCTIONS TO AUTHORS
ON THE RULES TO BE OBSERVED IN SUBMITTING
FOR TUNEL MAGAZINE

Manuscripts shall be submitted in the following form and,
as the case may be, with the below mentioned enclosures:

1. The TEXT in hardcopies (WORD) typed without justifica-
tion, downloaded on a 1.4 MB diskette in the following order:
- the article title
- author/authors, organisation
- text of the article
- numbered subtitles of drawings and photos

(listed at the end of the article)

2. GRAPHIC ENCLOSURES

- either on a separate medium (diskette, ZIP, CD,
format WORD, EXCEL, CORREL 8, PHOTOSHOP)

- orin a graphic form

3. PHOTOGRAPHS

- preferably in the form of positives

- or in digital form (photos can be downloaded on the same
medium as the graphic enclosures), with minimum resolu-
tion of 300 dpi

4. Coloured prints of the text and all enclosures (1 set)

THE ITA/AITES CZECH TUNNELLING
COMMITTEE'S WORKING SESSION

was held, in accordance with the Articles of Association and the Board's res-
olution, on 1/12/2000 in the Visitors Centre of the Smichov brewery, in the
presence of fifty representatives of member subjects of the Committee. Ing
Jindrich Hess, CTuC Chairman, informed in his opening address about the
strategy and priorities of the ITAJAITES activities in the immediate future. Prof.
Ing. Jiri Bartak, DrSc., reported on the international Conference "Underground
Construction PRAHA 2000", and summed up its results and response. Ing.
Pavel Polak informed in his broad entrance about establishment of the CTuC
Working Group "Sprayed concrete', and offered a concise review on applica-
tion of sprayed concrete in underground construction, including examples of
its utilisation, certification, formulas and tests. The specific issue of steel-fibre
reinforced concrete was the topic of Prof. Bartak's lecture. The working ses-
sion was closed by a discussion and a dinner party.

Ing. Karel Matzner

Obr. 4. Pfijezdni komunikace
Fig. 4. Access road
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WORLD OF UNDERGROUND CONSTRUCTION
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TECHNICAL MATTERS OF INTEREST

Schéma nej¢astéjsich ¢lenénf vyrubu pfi razeni tuneld NRTM

Scheme of the most common sequencing of tunnel

excavation at the NATM 3/2000 51
RNDr. Otakar Tesat, DrSc.

ZvétSeni profilu dalniéniho tunelu Nazzano v Italii bez

pferudeni automobilového provozu

Widening of the Nazzano tunnel cross section in ftaly

without interruption to motor traffic 4/2000 52
Ing. Miloslav Novotny

ZPRAVY Z TUNELARSKYCH KONFERENCI
NEWS FROM TUNNELLING CONFERENCES
Podzemni stavby - ambice a skuteénost

Underground structures — ambitions and reality
Doc. Ing. Alexandr Rozsypal, CSc.

Vystava IUT ‘99
The exhibition IUT "99 1/2000 46
Ing. Richard Snuparek, CSc.

1/2000 46

Mezindrodni konference o bezpe¢nosti a pozaru v tunelech

konana dne 2, - 3. 12. 1999 v Rotterdamu

International conference on safety and fire in tunnels,

taking place in December 2 to 3, in Rotterdam 1/2000 47
Ing. Miroslav Novak

Konference 'Ponofeny tune! Oresund link"
Oresund link immersed tunnel conference 3/2000 56
Ing. Miroslav Uhlik

Dvacaté 3esté vyroéni zasedani ITA/AITES - Durban 2000
Twenty sixth annual meeting ITA/AITES - Durban 2000 4/2000 47
Ing. Karel Matzner

Z CINNOSTI ODBORNYCH SPOLECNOSTI ZAINTERESOVANYCH
DO PODZEMNICH STAVEB

ACTIVITIES OF PROFESSIONAL CORPORATIONS INTERESTED
IN UNDERGROUND CONSTRUCTION

Seminaf o podzemnim skladu vyhofelého jaderného paliva
Seminar about the underground storage of burnt-up nuclear fuel  1/2000 48
Ing. Richard Sriuparek, CSc.

ZPRAVODAJSTVI CESKEHO TUNELARSKEHO KOMITETU ITA/AITES
NEWS SERVICE OF THE CZECH TUNNELLING COMMITTE ITA/AITES

Predsednictvo ¢eského tunelafského komitétu

Presidium of the Czech tunnelling commiltee

Pracovni shromazdéni CTuK

Working meeting of CTuK

Zmény v Clenské zakladné

Changes in the membership base 1/2000 50
Ing. Karel Matzner

Predsednictvo CTuK

The CtuC Board

Ptipravny vybor konference PSP 2000

The preparatory committee for the Underground construction

Prague 2000 conference

Redakéni rada ¢asopisu Tunel

The editorial council of the Tunel magazine 2/2000
Ing. Karel Matzner

Z4apis z valného shroméazdéni ¢eského tunelafského komitétu

ITAJAITES

Minutes of the general assembly of the Czech tunnelling committee
ITA/AITES 3/2000
Ing. Karel Matzner

9. mezinarodnf konference "Podzemni stavby Praha 2000

9th international conference "Underground construction

Praha 2000" 4/2000
Ing. Karel Matzner

SPRAVODAJ SLOVENSKEJ TUNELARSKEJ ASOCIACIE
NEWSLETTER OF THE SLOVAK TUNNELLING ASSOCIATION

Excurzia redakénej rady
Excursion of the editorial board 1/2000
Ing. Jozef Frankovsky

KALENDARIUM ITA/AITES
CALENDAR ITA/AITES

Kalendar vybranych mezinarodnich konferenci

od 27. 2. 2000 az 1. 11. 2001

Calendar of the selected international conferences

(27.2. 2000 to 1. 11. 2001) 1/2000

ZIVOTN( JUBILEA
LIFE JUBILEES

Ing. Juraj Kelesi $estdesiatnikom
Ing. Juraj Kele$i sexagenarian 1/2000
Ing. Jozef Frankovsky

Ing. Richard Siuparek, CSc., dedesatnik
Ing. Richard Sriupérek, CSc., sexagenarian 1/2000
Ing. Petr Vozarik

Dvoji gratulace k Sedesatinam Ing. Jindficha Hesse
Double congratulation to Ing. Jindfich Hess's sixtieth birthday 2/2000
Ing. Karel Matzner

K Zivotnému jubileu Prof. Ing. Frantiska Klepsatela, CSc.
To the jubilee of Prof. Ing. Frantisek Klepsatel, CSc. 2/2000
Ing. Jozef Frankovsky

Vyznamné Zivotni vyrogi - Ing. Miloslav Novotny
Important anniversary 3/2000
redakéni rada

RNDr. Otakar Tesar, DrSc. - $edesatnik
ANDr. Otakar Tesaf, DrSc. - sexagenarian 4/2000
Spolupracovnici

INFORMACE
INFORMATION

Co mzZete nalézt v knihovné CTuK
What's possible to find in the CTuC library 2{2000
Ing. Karel Matzner

Fotbalovy turnaj tunelarl
Tunnellers' football cup 2/2000
Ing. Jaromir Zlamal

Omluva redakce za nedopatieni v &isle 2/2000
Apology of editors for the inadvertencies in the issue 2/2000 4/2000
Redakéni rada

RUZNE
MISCELLANEOUS

Bibliografie &lankd a stati uvefejnénych v Tunelu,

tasopisu Ceského tunelafského komitétu a Slovenskej tunelarskej
asociacie ITA/AITES v roce 2000

Bibliography of articles published in the journal ‘Tunel”

of the Czech tunnelling committee and the Slovak tunnelling

association ITA/AITES within the year 2000 1/2000
Ing. Pavel Polak
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Jméno
Name

A
Aldorf Josef

Bakos Martin
Bartak Jiff
Bartak Jitf
Bartak Jiff
Bartak Jiff
Beléak Vojtech

c
Cagan Milan
D

Dengo Rudolf
Dolinek Karel
Dojéar Ondrej
Dvofak Frantisek
Dvorak Josef

F

Frankovsky Miloslav
Frankovsky Jozef
Frankovsky Jozef
Frankovsky Jozef
Frankovsky Jozef
Frankovsky Jozef
Fry¢ Igor

H

Hegrlik Ludvik
Hess Jindrich
Hronec Branislav

CH

Chaura Petr
Chomova Viktéria

K

Kucera Lubomir
Kunc Jaroslav
Ku$nir Jan
Kuvik Maridn

Mafik Libor

Matzner Karel
Matzner Karel
Matzner Karel
Matzner Karel
Matzner Karel
Matzner Karel
Matzner Karel

N

Nechmac Karel

JMENNY REJSTRIK AUTORU STATi CASOPISU TUNEL

NAME INDEX OF AUTHORS OF ARTICLES PUBLISHED
IN THE TUNEL JOURNAL IN THE YEAR 2000

Cislo
Issue

3/2000

3/2000
1/2000
2/2000
3/2000
3/2000
1/2000

4/2000

4/2000
3/2000
2/2000
3/2000
3/2000

2/2000
172000
172000
172000
2/2000
4/2000
4/2000

2/2000
3/2000
4/2000

1/2000
3/2000

4/2000
3/2000
3/2000
1/2000

4/2000
1/2000
2/2000
2/2000
2/2000
3/2000
4/2000
4/2000
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Strana
Page

39

39
25

29

27
44
48
51
47
35
10

35

29
18

13
43
18
16

23
50
45
46
48
54
47
49

32

Novak Miroslav

Novotny Miloslav
Novotny Miloslav
Novotny Milosiav
Novotny Miloslav

P

Pelizza Sebastiano
Pohl Petr

Polédk Pavel

Polédk Pavel

Poldk Pavel

Pribyl Pavel

Pribyl Pavel

R

Romancov Georgij
Rozsypal Alexandr
Rozsypal Alexandr

R

Rehof Frantiek

S

Schnierer Gustav
Smolik Jiff
Smolova Alice
Svoboda Jiff
Svoboda Jiff

(713

nupdrek Richard
nupdrek Richard
nupdrek Richard
Shupdrek Richard
Svejda Libor
Stochel Milan

T

Tesal Otakar
Tesarl Otakar

U

Uhlik Miloslav
Uhlik Miloslay

v

Vrba Otakar
Vozarik Petr
Vozarik Petr
Vozarik Petr

w
Wagner Petr
Z

Zlamal Jaromir
Zlamal Jaromir

$
§
§

Tunel

Cislo Strana

lssue  Page
1/2000 47
2/2000 44
3/2000 2
4/2000 44
4/2000 52
4/2000 2
4/2000 1
1/2000 53
1/2000 56
3/2000 29
1/2000 21
1/2000 42
3/2000 2
1/2000 6
1/2000 46
2/2000 23
1/2000 2
2/2000 17
2/2000 37
1/2000 32
4/2000 32
1/2000 46
1/2000 48
3/2000 48
4/2000 17
3/2000 33
4/2000 13
2/2000 20
3/2000 51
2/2000 37
3/2000 56
2/2000 31
1/2000 29
1/2000 49
3/2000 10
1/2000 16
2/2000 48

3/2000

38




METROPROJEKT Praha, a. s.

Ceska projektova a inzenyrska Czech design and engineering
akciova spoleénost joint-stock company

METROPROJEKT

Dle VasSich pozadavka pro Vs According to your requirements

vypracujeme: we elaborate for you:
> rozborové studie a analyzy investic > pre-investment studies & analyses
> projektovou dokumentaci vSech stupiiti > project documentation at all levels
> transformaci a autorizaci dokumentace > transformation & authorization of project
zahrani¢nich klient podle ¢eskych documentation of foreign clients in com-
norem a predpist pliance with the Czech norms and regulations
> poradenskou a konzultaéni ¢innost > advisory & consulting services

Kontaktni spojeni: Contact address:

METROPROJEKT Praha, a. s.

l. P. Pavlova 2/1786, 120 00 Praha 2, Czech Republic
Phone: +420 2 96 204 121, Fax: +420 2 96 204 122
E-mail: metroprojekt @ metroprojekt.cz

IRC

DODA NA VASE STAVBY:

B hutni vyrobky vcetné paznic UNION B Siroky sortiment stavebnich hmot

B Siroky sortiment svarovanych siti B hadice OPTIMIT a MATADOR véetné
a vyztuze do betonu spojovacich prvku

B kompletni sortiment kanalizaéni kameniny, B vyrobky stavebni chemie
kyselinovzdorné cihly, cihly a dilce z EUTITU, B jzolaéni materialy
maltu pro jejich zdéni B [eSeni HAKI (prodej i pronajem)

SiDLO FIRMY A PRODEJ:
PRAHA 9-HORNi POCERNICE
tel.: 02/819 22 885, 819 25 209, 819 23 789
fax: 02/819 22 883, 819 23 261, 819 23 790
PRODEJNA - Rohansky ostrov (aredl fi METROSTAV) - TEL: 02/248 10 620
PNEUSERVIS - Rohansky ostrov (ared! fi METROSTAV) - TEL: 02/248 17 150
PRODEJNA - HUMPOLEC, TEL/FAX: 0367/536 029




CENIK INZERCE V CASOPISU TUNEL

PRICE LIST OF ADVERTISING IN THE TUNEL JOURNAL

Pro ¢éleny CTuK, STA a tuzemské organizace:
For CTuC and STA members:

UVNITR CASOPISU NA OBALCE CASOPISU
celostrankovy inzerat barevny 16 000 K¢ celostrankovy inzerat barevny
pulstrankovy inzerat barevny 9 000 K¢ - 3. strana 22 000 K¢
na kuléru celostrankovy 12 000 Ké celostrankovy inzerat barevny

na kuléru palstrankovy 7 000 K¢é -4, strana 28 000 K¢

Inzerce v celém roéniku - sleva 10 %
Redakce si vyhrazuje pravo regulace inzerce s ohledem na druh a velikost
podle poc¢tu zdjemct a jejich pozadavkil.
Cenik schvalen redakéni radou ¢asopisu 20. 10. 2000

For CTuC and STA non-members from abroad:
One page 1A4 advertisement in colour 2000 DM

Half-page advertisement in colour 1000 DM
Advertising in the entire year’s volume - reduction 10 %

SiDLO: ICO: 25236954
LOCHOTINSKA 70 DIC: 138-25236954

30166 PLZEN | stavebni a.8.| TEL/FAX:019-753 97 45

CINNOST HORNICKA A CINNOST PROVADENA

HORNICKYM ZPUSOBEM
- budovani kolektord - raZené prizkumné Stoly - hioubeni jam
- razby kanaliza¢nich sbéraéii  Zeleznicénich a silniénich tunelii - raZené podchody Zeleznic
INZENYRSKE STAVBY
— ¢istirny odpadnich vod - veSkeré inZzenyrske sité
SPECIALNI PRACE
— injektaze — statickeé zajiStovani skalnich — zemni price
masivii a staveb
Navazujeme na diouholetou tradici Ing. Zdenék Hanzal

piedseda predsatvenstva

Zapadoceskych uhelnych dolil. fedltel spolecnosti




SATRA, SPOL, S R.O.

(=] Sokolska 32, 120 00 Praha 2 - Nové Mésto
CZECH REPUBLIC

& (+420 2) 24266808, 24266810, 24266817, 24266818

(+420 2) 24267173, 96180603

AIRA satra@satra.cz
elA) ' & www.satra.cz

SATRA je od roku 1999 drzitelem certifikatu systému Fizeni ISO 9001
SATRA is holder of an ISO 9001 certificate since 1999

* tunely, Stoly, Sachty * tunnels, galleries, shafts
» monolitické podzemni objekty * underground structures
* bytové stavby * apartments

* obéanské stavby * civil buildings

* primyslové stavby * industrial buildings

* inZenyrské sité * infrastructures

* zvlastni zaklddani * special foundations

'\.

\ \

* Spole¢nost poskytuje komplexni nabidku architektonickych,
projektovych, predprojektovych a inzenyrskych sluieb od
investiéniho zaméru aZ po kolaudaci a vyhodnoceni zkusebniho
provozu obéanskych, prumyslovych a inZenyrskych staveb.

Company offers a full range of services in the areas of architectural
design, project management, project preparation, and civil
engineering, from investment decision through to certificate of
completion and evaulation of test runs, for civil, industrial and
engineering structures.

7RCHITEKTONICKY DESIGN, PROJEKCE, INZENYRSKA PRIPRAVA REALIZACE STAVEB
ARCHITECTURAL, ENGINEERING, CONSULTING, CONSTRUCTION MANAGEMENT SERVICES




MmeTRESTay

Na kazdém kroku

Stavby pro bydleni, obchod, primysi
a dopravu, inzenyrské a podzemni

stavby, rekonstrukce a opravy objektd. ~ ﬂ;

Investicni zaméry od studie k prOJe_k

v. daném terminu a realizace na’ kl|cfh
i
to je kompletni program firmy I\/Ietro%gay._ _

METROSTAYV a.s.
Kozeluzska 2246
180 00 Praha 8 - Liben
Tel.: 02 - 66709110
www.metrostav.cz




