8. ROCNIK, &. 1/99

* un

CASOPIS CESKEHO TUNELARSKEHO KOMITETU
\ A SLOVENSKEHO TUNELARSKEHO KOMITETU ITA/AITES
I
1

PODZEMNI STAVBY (VYVOJ, VYZKUM, PROJEKTOVANI, REALIZACE)

: MAGAZINE OF THE CZECH TUNNELLING COMMITTEE
| AND SLOVAK TUNNELLING COMMITTEE ITA/AITES
UNDERGROUND CONSTRUCTIONS (DEVELOPEMENT, RESEARCH, DESIGN, REALISATION)

)]
©

Imﬁ*:‘—:l-": N L =1 g =¥ TR a| —'—-'1—‘_1’_-.3: = 5&5‘.__.% = &..\.‘i..' “W




CLENSKE ORGANIZACE CESKEHO TUNELARSKEHO
KOMITETU A SLOVENSKEHO TUNELARSKEHO
KOMITETU ITA/AITES

MEMBER

ORGANIZATIONS
OF THE CZECH AND SLOVAK

TUNNELLING COMMITTEES

AD SERVIS TERRABOR, s. 1. 0.
Bélohorska 157/188
169 00 Praha 6

AMBERG ENGINEERING BRNO
Orli 27
602 00 Brno

AQUATIS, a. s.
Botanicka 56
656 32 Brno

CARBOGROUTING, a. s.
Lihovarska 10
716 03 Ostrava-Radvanice

CARBOTECH-BOHEMIA, s. r. 0.
Lihovarska 10
716 03 Ostrava-Radvanice

CERMAK A HRACHOVEC s. . o.
Smichovska 31

Praha 5-Reporyje

DESCRIBO, s. r. 0.

Stavebni projekty

U kréského nadrazi 19

140 00 Praha 4

ELTODO, a. s.
Novodvorska 1010/14
142 00 Praha 4

EREBOS, s. r. 0.
Malé Svatoriovice 249
542 34

GEOTEST, a. s.
Smahova 112
659 01 Brno

IKE, s. 1. 0.
Plzeriska 166
150 00 Praha 5

ILF CONSULTING
ENGINEERS s. r. 0.
Jirsikova 5

186 00 Praha 8

INGSTAV BRNO, a. s.
Kopeéna 20

675 15 Brno

INGUTIS CZ, s. r. 0.
Treboradicka 1/1275
182 00 Praha 8

INSET s. r. 0.
Novéakovych 6
180 00 Praha 8

INZENYRING

DOPRAVNICH STAVEB, a. s.
Na Moréani 3

128 00 Praha 2

INZENYRSKE KONSTRUKCE
Projektova a inzenyr, kancelar
Kobrova 1363/2

150 00 Praha 5

KANKOL, s. r. 0.

Novy Jachymov 48

267 03 Hudlice, okr. Beroun
METROPROJEKT Praha, a. s.

I. P. Pavlova 1786/2
120 00 Praha 2

METROSTAYV a. s.
Délnicka 12
170 04 Praha 7

OKD, DULNI PRUZKUM
A BEZPECNOST, a. s.
739 21 Paskov

POHL, a. s.
Nadrazni 25
252 63 Roztoky u Prahy

PUDIS, a. s.
Nad vodovodem 2/169
100 00 Praha 10

SATRA, s. r. 0.
Podhoti 2879
276 01 Mélnik

SG GEOTECHNIKA, a. s.
Geologicka 4
150 00 Praha 5

SOLETANCHE CR, s. r. 0.
K Boti¢i 6

101 00 Praha 10
STAVEBNI FAKULTA CVUT

Thakurova 7
166 29 Praha 6

STAVEBNI FAKULTA VUT
Veveii 95
662 37 Brno

SUBTERRA a. s.
Bezova 1658
147 14 Praha 4

SUDORP, a. s.
Olsanska 1a
130 80 Praha 3

TUBES, s. r. 0.
Londynska 29
123 00 Praha 2

USTAV GEONIKY AV CR
Studentska ul.
708 33 Ostrava-Poruba

VIS, a. s.
Bezova 1658/1
147 00 Praha 4

VODNI STAVBY PRAHA, a. s.
divize 03

Dobronicka 635

148 25 Praha 4

VOJENSKE STAVBY, a. s.
Revoluéni 3
110 15 Praha 1

VOKD, a. s.
Ceskobratrska 7
701 40 Ostrava

VYSOKA SKOLA BANSKA
ti. 17. listopadu
708 33 Ostrava-Poruba

ZAKLADANI GROUP, a. s.
Rohansky ostrov
180 00 Praha 8

ZELEZNICNI STAVITELSTVI
BRNO, a. s., DIS

Herspicka 1

639 00 Brno

BANSKE STAVBY, a. s.
Ko$ovska cesta 16
971 01 Prievidza

DOPRASTAV, a. s., GR
Driefiova 27

826 56 Bratislava
DOPRAVOPROJEKT, a. s.
Kominarska 2

832 03 Bratislava

GEOCONSULT, a. s.
Werferova 1
040 11 Kosice

GEOCONSULT, spol. s r. o.
Driefiova 27

826 56 Bratislava
GEOMONTA, spol. s r. o.
Sebedrazska cesta 7

971 01 Prievidza

GEOSTATIK. spol. s r. 0.
Bytéicka 32

010 39 Zilina
HYDROSANING
Mojmirova 14, P. O. BOX 6
972 01 Bojnice

HYDROSTAY, a. s.
MiletiCova 21
820 06 Bratislava

INCO, a. s.
Pri starej pracharni 14
831 50 Bratislava

INGEQ, a. s.

Bytgické 16

010 01 Zilina

INZINIERSKE STAVBY, a. s.
Priemyselna 7

042 45 Kosice

IZOFOL, spol. s r. o.
Qdborarska 52
831 02 Bratislava

KERKOQ, a. s.
Tomasikova 35
043 22 Kosice

MAGISTRAT hi. m. Bratislavy
Primacialne nam. 1
814 99 Bratislava

RUDNY PROJEKT,
InZiniering, a. s.
Festivalové nam. 1
041 95 Kosice

SLOVENSKA SPRAVA CIEST
Tovarenska 7

813 44 Bratislava
SLOVENSKE TUNELY spol. s r. 0.
Lamadska 16

841 03 Bratislava
SOLHYDRO, spol. sr. 0.

Ml. nivy 61, P. 0. BOX 31

820 06 Bratislava

STRENA, spol. s r. o.

P. O. BOX 71, Ruzova dolina
820 13 Bratislava

STU Bratislava, Stavebna fakulta
Radlinského 11
813 68 Bratislava

SPECIALNE CINNOST!
Ing. Jan Fabricky
Kuklovska 60

841 05 Bratislava

TECHNICKA UNIVERZITA
KOSICE,

Fakulta Berg

Letnd 9

042 00 Kosice

TERAPROJEKT, a. s.
Podunajska 24
821 06 Bratislava

TUNEL NRC-SBS
Radianska 190
831 05 Bratislava

UNIVERZITA KOMENSKEHO
Katedra inZ. geologie
Mlynské dolina

842 15 Bratislava

URANPRES, spol. s r. o.
F. Krala 2
052 80 Spissk& Nova Ves

USTAV GEOTECHNIKY SAV
KOSICE

Watsonova 45

040 01 Kosice

VAHOSTAYV, a. s., GR
Hlinska 40

011 18 Zilina

VSDS Zilina,
Stavebna fakulta
Komenského 52

010 26 Zilina

VUIS — Zakladanie stavieb,
spol. s r. 0.

Lamacska 8

817 14 Bratislava

ZELEZNICE SR, GR
Klemensova 8
813 61 Bratislava




8. ROCNIK, & 1/99
MK CR 7122
ISSN 1211 - 0728

Tunel

Casopis Ceského tunelarského komitétu
a Slovenského tuneldrského komitétu ITA/AITES
Zalozen ing. Jaroslavem Granem v roce 1992

OBSAH

Uvodnik: Ing. Pavol Kusy, generalny riaditel, TERRAPROJEKT, ass. ... ... str. 1
Diskontinualni analyza podzemnich staveb v horninovém masivu
ordovickych bfidlic ......... ... ... .. ... .. ... .. ... ... e str. 3

Prof. Ing. Jifi Bartak, DrSc., Stavebni fakulta CVUT

Dr. Ing. Jifi Picha, Geotec, s.r.0.

Priizkumna Stola Mrazovka - odvozeni modelu mechanického

chovani horninového masivu z vysledk( méfeni insitu ....... .. ... str. 8
Ing. Marta DolezZalova, CSc., Ing. Vlasta Zemanova,

Ing. Jaroslav Danko, DOLEXPERT-GEOTECHNIKA, PRAHA

Velkoprofilové tunely ua.s.Metrostav . ........................ str. 16
Ing. Miroslav Kole¢kar, Ing. Vaclav Soukup, METROSTAV a.s., divize 5

Tunel Sitina — enviromentalne sivislosti navrhu dafmiéného

tunelavBratislave ... ........ ... ... .. .. .. ..., str. 22
Ing. Miloslav Frankovsky, TERRAPROJEKT, a.s., Bratislava
Podzemni parkovi$té v Moskve . ... ... ... ... ..., .0l str. 28

Pavel Jurkevi¢, YURKEVICH and Co., inZenyrska s.r.o., Bélorusko
Navrh pFiéného Fezu tunelu s ohledem na mozna kolizni

mista s prijezdnim prifezem ................... ... ... 0.0 sir. 34
Ing. Ladislav Pazdera
Pevnostni a deformacni vlastnosti vysokopevnostnich betond . . . .. str. 37

Doc. Ing. Michail Lembék, CSc., VSB - TU Ostrava
Doc. Ing. Julij Koéetkov, CSc., Statni univerzita - Lvovska polytechnika
Diana nebyla jen bohyné lovu

Ing. Jifi Kazda, Ceské drahy, 8.0. . -\ ..ottt ens str. 41
Technické zajimavosti . ........ .. ... ... .. ... .. ... .. ... ..... str. 44
Spravodajstvo zo Slovenského tunelarského komitétu . ....... .. .. str. 46
Zpravodajstvi Ceského tunelaiského komitétu ITA/AITES .......... str. 47
Zpravy z tunelarskych konferenci .. ........................... str. 48
Bibliografie €lent . ... ... ... ... ... . str. 49
REDAKCNI RADA

Predseda: Ing. Petr Vozarik - METROSTAV, a. s,

Prof. Ing. Jifi Bartak, DrSc. — CVUT Praha

Ing. Igor Fry¢ — POHL, a. s.

Ing. Milan Krejcar — IKE, s.r.0.

Ing. Josef Kutil — INZENYRING DOPRAVNICH STAVEB, a. s.

Ing. Miloslav Novotny — VODNI STAVBY PRAHA a. s., divize 03

Ing. Pavel Poldk — METROSTAV, a. s.

Ing. Pavel Pribyl, CSc. — ELTODO, a. s.

Ing. Georgij Romancov, CSc. — METROPROJEKT Praha, a. s.

Ing. Richard Sfuparek, CSc. ~ Ustav geoniky AV CR

Ing. Véclav Torner — AQUATIS, a. s.

Ing. Miroslav Uhlik — SUBTERRA, a. s.

CTuK ITA/AITES: Ing. Karel Matzner

STK ITA/AITES: Ing. Jozef Frankovsky — BANSKE STAVBY, a. s.
Ing. Pavol Kusy, CSc. — TERRAPROJEKT, a. s.

VYDAVATEL

Cesky tunelarsky komitét a Slovensky tunelarsky komitét ITA/AITES
pro vlastni potfebu

REDAKCE

Délnicka 12, 170 04 Praha 7

tel./fax: 667 93 479

Vedouci redaktor: Ing. Karel Matzner

Odborni redaktori: Ing. Miloslav Novotny, Ing. Pavel Polak,
Ing. Jozef Frankovsky

Graficka Gprava: Petr Misek

Sazba, tisk: GRAFTOP

Fotografie na obalce: Tunel Branisko — zapadni portal




T e T

VOLUME 8, No. 1/99
MK CR 7122
ISSN 1211 - 0728

lunel

Magazine of the Czech Tunnelling Committee
and the Slovak Tunnelling Committee ITA/AITES
Established by Ing. Jaroslav Gran in 1992

CONTENTS

Editorial: Ing. Pavol Kusy, General director,

TERRAPROJEKT, a.s., Bralislava . ..............c0c . uiieeeeeois pg. 1
Discontinuous analysis of underground structures in a rock massif
of Ordovician shales ...:.............. ... 0.0 00¢;¢;. ci.eeuis str. 3

Prof. Ing. Jifi Bartak, DrSc., Stavebni fakulta CYUT

Dr. Ing. Jifi Picha, Geotec, s.ro.

Mrazovka exploratory adit - modelling of rock mass mechanical

behaviour according to field measurements ......... ... ......... str. 8
Ing. Marta DoleZalovd, CSc., Ing. Viasta Zemanova,

Ing. Jaroslav Danko, DOLEXPERT-GEOTECHNIKA, PRAHA

Big profile tunnels of Metrostav,a.s. .......................... str. 16
Ing. Miroslav Koleckar, Ing. Vaclav Soukup, METROSTAV a.s.,

division 5

Sitina tunnel - environmental coherence of the motorway tunnel

projectin Bratislava . . . .......... ... ... ... i str. 22

Ing. Miloslav Frankovsky, TERRAPROJEKT, a.s., Bratislava

Underground parking-garage in the Revolution Square in Moscow . . str. 28
Pavel Jurkevi¢, YURKEVICH and Co., Engineering Society Ltd,

Republic of Belarus

Design draft of the tunnel cross section with respect to eventual

collision points with the traffic clearance . .. .................... str. 34
Ing. Ladislav Pazdera

Strength properties and deformation ones of high-strength

CONCTeleS, .. . o . ... temsr e oo oo o Bt sl e e s str. 37
Doc. Ing. Michail Lembak, CSc., Mining University VSB - TU Ostrava

Doc. Ing. Julij Kocetkov, CSc., State University - Technical Universtiy, Lvov

Diana was not only the goddes of hunting

Ing. Jifi Kazda, Czech railways, S.0. .............cccuouiiiionn... str. 41
Technical matters of interest . . . ... ........................... str. 44
Czech Tunnelling Committeereports .......................... str. 46 |
Slovak Tunnelling Committee reports . . .. ....................., pg. 47
News from tunnelling conferences ............................ str. 48
Bibliography . . . .. ... ... e, str. 49

EDITORIAL BOARD

Chairman: Ing. Petr Vozarik — METROSTAV, a. s.
Prof. Ing. Jifi Bartak, DrSc. — CVUT Praha
Ing. Igor Fry¢ — POHL, a. s.
Ing. Milan Krejcar — IKE, s.r.o.
Ing. Josef Kutil — INZENYRING DOPRAVNICH STAVEB, a. s.
Ing. Miloslav Novotny — VODNI STAVBY PRAHA, a. s., divize 03
Ing. Pavel Poldk — METROSTAV, a, s.
Ing. Pavel Pribyl, CSc. — ELTODO, a. s.
Ing. Georgij Romancov, CSc. — METROPROJEKT Praha, a. s. )
Ing. Richard Sriupdrek, CSc. — Ustav geoniky AV CR
Ing. Véclav Torner — AQUATIS, a. s.
Ing. Miroslav Uhlik — SUBTERRA, a. s.
CTuK ITA/AITES: Ing. Karel Matzner
STKITA/AITES: Ing. Jozef Frankovsky — BANSKE STAVBY, a. s.
Ing. Pavol Kusy, CSc. — TERRAPROJEKT, a. s.

PUBLISHED FOR SERVICE USE

by the Czech Tunnelling Committee and the Slovak Tunnelling Committee
ITA/AITES

OFFICE

Délnicka 12, 170 04 Praha 7

tel./fax: 667 93 479

Editor-in-chief: Ing. Karel Matzner

Technical editors:  Ing. Miloslav Novotny, Ing. Pavel Polak,
Ing. Jozef Frankovsky

Graphic designs: Petr MiSek

Printed: GRAFTOP

Cover photo: Branisko tunel — the western portal



VAZENI CITATELIA,

eSte pred par rokmi sme netusili ako spolo¢ensko-
politické i ekonomické zmeny zasiahnu do nasho
osobného i profesného zivota, mnohi pozerali do
buddcnosti s obavami, ale i novymi nadejami.
Jednoznacnym pozitivom a prinosom vyvoja posled-
ného obdobia je pre nas, tunelarov a podzemnych
stavitelov, po desatrodiach Utlmu tunelarstva na
Slovensku razantny rozmach tohto odvetvia. V roku
1993 sa zacal realizovat' komplexny projekt pripravy
a vystavby dialnhic ako nevyhnutnej podmienky pre
dobudovanie dopravnej infrastruktury Slovenska
a jeho zapdjania sa do eurdpskeho dopravného
systému.

Na novobudovanej dialni¢nej sieti je potrebné, vzhla-
dom na geomorfologicku &lenitost Uzemia vybudo-
vat' 17 dialhi¢nych, v prvej etape vaésinou jednoru-
rovych tunelov, o celkovej dizke takmer 40 km. Podla
pbvodného harmonogramu prijatého vliadou SR sme
stali pred ulohou vo velmi kratkom ¢ase a v nebyva-
lom tempe (do r. 2005) naprojektovat’ a nasiedne
i vybudovat’ tieto nie najjednoduchsie inzinierske die-
la. Napriek obavam pesimistov o odbornej spésobi-
losti a kapacitnych moznostiach, mozno dnes pri
pohfade do kratkej minulosti a na zaklade doterajsich
vysledkov z rozbehu tunelovych stavieb s uréitostou
konstatovat, Ze tento ambiciézny program sa zacal
Uspedne napliat a pochybnosti o schopnostiach
zvladnut’ vystavbu tunelov odborne, projekéne, sta-
vebne, s vykonmi a v kvalite beznej vo vyspelych
tunelarskych krajinach sa definitivne rozplynuli.

V sucasnosti Uspedne prebieha razenie tunela
Branisko s predpokladanou prerazkou v polovici toh-
to roku. B
Razi sa prieskumna $t6lna pre tunel Visnové dizky
7,4 Km. Vystavba tunela 600 m dlhého Horelica
zaCala razenim pilotnej §télne.

Tak ako sa nenaplnili obavy z technického a ¢asové-
ho zvladnutia vystavby tunelov na Slovensku, potvr-
dili sa obavy suvisiace s financovanim tohto investic-
ne naro¢ného projektu, a v sicasnosti sa nachadza-
me v obdobi, v ktorom sa hfada dlhodoby model
financovania dostavby dialni¢nej siete iGmerny moz-
nostiam hospodarstva SR.

Do roku 1999 teda vstupujeme s vaésim sebevedo-
mim, potvrdenym vysledkami prace z pripravy
a vystavby tunelov z obdobia rozbehu vystavby dia-
Inic, s vedomim, ze napriek spomaleniu tempa a roz-
delenia vystavby tunelov na dlhsie ¢asové obdobie
nas vSetky tieto krasne stavby ¢akaja.

DEAR READERS,

even some years ago, we did not anticipated how
much social, political and economic changes will
affect our private and professional life. Many of us
expected the future with anxiety but with new hopes
too.

High tide of tunnel engineering in Slovakia, after
decades of attenuation, that is an unambiguous posi-
tive quality and merit for us, tunnelling engineers and
underground builders within the last period. In the
year 1993 there was the start for realizing the com-
plex programme of preparations and construction of
motorways as the unavoidable condition for comple-
ting the transport infrastructure of Slovakia and its
integration into the European transport system.

It is necessary, with respect to the geomorphological
variety of the territory, to provide the new motorway
network with 18 tunnels, in the first stage mostly
single tube ones, of the total length of nearly 40 km.
According to the original programme, accepted by
the government of the Slovak Republic, we had the
task to design and to build said not very easy engi-
neering structures in a very short time (till the year
2005). In spite of fears of pessimists concerning the
professional competence, ability and capacity possi-
bilities, it is possible these days, when looking back
into the short past and on the basis of hitherto exis-
ting results in the progress of tunnel construction, to
state that this ambitious programme is successfully
performed. Fears on abilities and competence to
realize the construction of tunnels by our engineers,
designers and builders, with outputs and in the qua-
lity, usual in advanced tunnelling countries, disappe-
ared completely.

These days there goes on a successful driving of the
Branisko tunnel, and the supposed through driving
should be made in the half of this year.

The trial gallery for the Visriova tunnel, 7.4 km long,
is under construction. The construction of the
Horelica tunnel, 600 m long, started by driving the
pilot drift.

Fears concerning the technical and time manageabi-
lity of the construction of tunnels in Slovakia showed
to be false, but fears concerning funding this financi-
ally exacting programme showed to be realistic. At
present we are in the period, in which we are looking
for a long-term funding model for completing the
motorway network, being proportional to possibilities
of the economic situation of the Slovak Republic.
We enter the year 1999 with a higher self-confiden-




V tomto obdobi, tak Ziclivom pre tunelarov vznikla
v septembri 1996 i nova projekéna a inzinierska
organizacia Terraprojekt a. s. Bratislava. Podarilo sa
ziskat' skisenych projektantov s dihorocnymi skuse-
nostami i mladych ambicidéznych inZinierov a v krat-
kej dobe vytvorit kvalitny kolektiv na vysokej profesi-
onalnej urovni.

Nas prvy velky projekt — realizatna dokumentacia
tunela Branisko bol vyzvou ale i moznostou vyskusat
si svoje schopnosti a zUrocit skisenosti z obdobnych
stavieb, a v spolupraci s nasimi profesnymi kolegami
z Ciech, ale i poprednymi odbornikmi z Rakuska
a kolegami z dodavatelskych organizacii zucastnit
sa na vystavbe prvého, v sucasnosti Uspesne raze-
ného dialni¢ného tunela.

Terraprojekt a. s., ktory mozno bez nadsazky pove-
dat vyrastol na projektoch podzemnych stavieb,
dnes véak uz poskytuje komplexné projekéné, inZini-
erske a konzultaéné cinnosti v Sirokej skale inzinier-
skych, dopravnych ale i pozemnych stavieb, inZinier-
skych sieti a skladok odpadov o ¢om svedCi viacero
mensich, ale i vacsich projektov, ktoré sme spraco-
vali. Prikladom st DUR 3,1 km dlhého useku dialni-
ce D2 v Bratislave véitane tunela Sitina, technicka
§tidia dialniéného Useku D61  Viedenska
cesta—Pristavny most, viaceré projekty razenych
kanalizacnych zberacov.

Verim, Zze tak ako nam bolo doposial dopriate,
i v budlcnosti prispejeme svojim dielom k rozvoju
podzemného stavitelstva, a to i cez stranky tohto
Gasopisu, najma vSak, Ze sa budeme stretavat
a spolupracovat, vazeni profesni kolegovia a priaz-
nivci, pri projektovej priprave ale i realiz&cii mnohych
novych stavieb, k comu nam vdetkym prajem vela
zdaru.

V7

ce, supported by results of our work on the prepara-
tion and construction of tunnels during the starting
period of the motorway construction, knowing that in
spite both of the slowed down pace and of the deci-
sion to realize the tunnel construction within a longer
period, all said nice constructions are expecting us
and we are looking forward to them.

In this period, so favourable for tunnelling enginee-
ring, a new designing and engineering company
Terraprojekt, a. s., Bratislava, was established in
September 1996. The effort to employ both experi-
enced designers with experience gained within many
years and young ambitious engineers was Success-
ful, and within a short period there was formed a very
good team of a high quality professional level.

Our first big work — working plans and documentati-
on of the Branisko tunnel, it was a challenge, but it
was also a possibility to test our abilities and compe-
tence, and to utilize the experience gained in analo-
gous structures. Moreover, it was also the possibility,
in cooperation with our professional Czech colleagu-
es, with prominent Austrian experts and with collea-
gues from supplier firms, to take part in the con-
struction of the first motorway tunnel in Slovakia, the
driving of which is going on successfully.
Terraprojekt, a. s., the reputation of which was based
on building plans of underground structures, provi-
des, at present, complex designing activities, engi-
neering and consulting ones, within the large range
of engineering structures, transport and surface
ones, engineering networks and dumps. Said activi-
ties have been proved by many smaller and bigger
designs made by us. As an example we can menti-
on a 3.1 km long section of the motorway D2 in
Bratislava, including the Sitina tunnel, the technical
study of the motorway section D61 Vienna Road —
Pristavny bridge, and many designs of driven sewe-
rage collectors.

| believe that we will take part in the development of
the underground engineering, as till the present time
even in the future too, viz. even by means of pages
of this journal, but especially when meeting you and
cooperating with you, dear professional colleagues
and friends, both at design preparations and realiza-
tion of many new constructions. | wish you and us
professional success in all building activities.

Ing. Pavol Kusy, CSc.
riaditel Terraprojektu a.s.
a podpredseda STK-ITA/AITES
Manager of Terraprojekt, a.s.
and Vice-Chairman of the
Slovak Tunnelling Committee ITA/AITES
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DISKONTINUALNI ANALYZA PODZEMNICH STAVEB
V HORNINOVEM MASIVU ORDOVICKYCH BRIDLIC

DISCONTINUOUS ANALYSIS OF UNDERGROUND STRUCTURES
IN A ROCK MASSIF OF ORDOVICIAN SHALES

PROF. ING. JIRI BARTAK, DRSC., FACULTY OF CIVIL ENGINEERING
OF THE CZECH TECHNICAL UNIVERSITY
DR. ING. JIRI PICHA, GEOTEC, CO. LTD

1. UvOD

Automobilové tunely Mrazovka budou soucasti prazského méstského okruhu
a vytvafeji spojnici Barrandovského mostu (s vazbou na dalnici D1 a D5) a
Strahovského tunelu, na ktery pfimo navazuji mostni rampovou konstrukei.
Vlastni tunelovy objekt, podchazejici vrch Mrazovku, bude tvofen dvéma ffipru-
hovymi troubami — zapadni tunelovou troubou (ZTT) a vychodni tunelovou trou-
bou (VTT). Obé trouby se dale vétvi na dvoupruhovou a jednopruhovou troubu
pfed vydsténim v oblasti ulice Radlicka. Celkova délka raZzenych tunell je cca
2,2 km, Vyska nadlozi tuneld se méni od 5 metrl u portalt az do 80 m pod Pavim
vrchem. Podrobnéjsi technické udaje o tunelech Mrézovka jsou v [1] a taktéz v
¢lanku Reseni tunelu pod Mrazovkou (Dvorak, J. et al) v minulém &isle TUNELU
(4/98).

Z hlediska geologického [2] tvoii skalni podlozi v oblasti tuneld Mrazovka hor-
niny severovychodni &asti ordovické Barrandienské synklinaly. Cely ordovicky
komplex pfedstavuje pestrou Skalu stfidajicich se pelitickych az psamitickych
hornin. V oblasti tunelll mézeme vyclenit skupiny hornin s podobnymi podmin-
kami vzniku, a tedy i s podobnym petrografickym slozenim. Jsou to jilovité az jilo-
vitoprachovité biidlice s vy8sim stupném rekrystalizace jilovych minerall (bfidli-
ce liberiské), prachovité, piscité az drobové bfidlice (souvrstvi letenské — mono-
tonnif vyvoj), flySova souvrstvi s vysokym podilem souvrstvi piskovcl a kiemen-
cU (kfemence fevnické a souvrstvi letenské), pokryvné Utvary jsou tvofeny Stér-
kopisky, svahovymi hlinami a navazkami.

Za kritické misto je povazovan profil v ul. Ostrovského (km 14,850 VTT), kde
pfi Sifce vyrubu 16,3 m Cini celkova vyska nadlozi pod zastavbou cca 16 metrd,

Obr. 1: Proinjektované diskontinuity libefiskych bfidlic vysokotlakou injektazi
Discontinuities of Liberi shales injected by high pressure grouting

1. INTRODUCTION

The vehicular tunnels Mrazovka will be a part of the Prague cilty circle and they
form a connection between the Barrandov bridge (with linking up to the motor-
way D1 and D5) and the Strahov tunnel, to which they link up directly by means
of a bridge ramp structure. The proper tunnel structure, passing through the
Mrdzovka hill, will be formed by two three-lane tubes, viz. the western tunnel tube
(WTT) and the eastern tunnel tube (ETT). Both tubes are then bifurcated in a
double-lane tube and a one-lane tube, before their entering into the area of
Radllicka street. The total length of the driven tunnels is about 2.2 km. The over-
burden depth varies from 5 meters as to portals, up to 80 m under Pavi Vrch.
Technical data with more details concerning the tunnels Mrazovka are mentioned
in [1] and also in the article Solution of the tunnel under Mrazovka (Dvorak, J. et
al) in the last issue of the journal TUNEL (4/98).

From the geological point of view [2], the rocky bedrock in the area of the
Mrazovka tunnels is formed by rocks of the north-eastern part of the Ordovician
Barrandian syncline. The whole Ordovician complex represents a wide scale of
alternating pelitic up to psamitic rocks. In the funnel area we may determine
groups of rocks with similar origin conditions, and so even with a similar petro-
graphic composition. They are clayish shales up to clayish-silt shales with a hig-
her recrystallizing grade of clayish rocks (Liberi shales), clayish shales, sandy
ones up to greywacke shales (Letnd measures — monotonous development),
flysh measures with a high portion of sandstone measures and quartzite ones
(Hevnice quartzite and Letna measures), overburden formations are formed by
gravel sands, slope clays and made-up grounds,

As a critical place there may be considered the profile in the street
Ostrovského (km 14.850 ETT), where — at the excavation width 16.3 m, the total
depth of the overburden under the built-up area is about 16 m, of which the roc-

Mozna pfi€na oslabeni masivu

- pukliny kolmé na vrstevnatost

- tektonicke ohlazy obecnych smérl
- poruchy obecnych sméri

Possible cross weakening of the massif
- cracks normal to a layered strucutre

- tectonic polishes of general directions
- faifures of general directions

v

A
I
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Jednotlivé vrstevni diskontinuity Individual layer discontinuity

Obr. 2: Zplsoby modelovani vrstevnatého horninového masivu
Simulating methods of a bedded layer rock massif
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z foho vyska skalniho nadlozi libefiskych bfidlic je pouze 9 m nad zapadni tune-
lovou troubau. Zminéné kritické misto je zachyceno na obr. 3 vyée zmin&ného
L“:Ién!(y (Dvofak, J. et al). Skladba geologickych vrstev posuzovaného Useku e:
navazky, deluvidin sedimenty, libefiské bfidlice rozloZené, zvétralg, navétralé a
nezvétralé. Mechanické vlastnosti geologickych vrstev jsou podrobné uvedeny v
[2] a [6]. Pro technologii vystavby tunelovych rour v posuzovaném profilu jsou
rozhodujici vlastnosti libefiskych bfidlic. Horninovy masiv libefiskych biidlic je
oslaben diskontinuitami. Proto bylo rozhodnuto v tomto inkriminovaném Useku
zpevnit liberiské bfidlice vysokotlakou injektazi (klakazi). Na obr. 1 je dokumen-
tovano vrtné jadro libefiskych biidlic proinjektovanych injektazni smési.

2. SOUVRSTVI LIBENSKYCH BRIDLIC

Jednd se o Sedocerné az ¢erné, pievazné jilovitoprachovité bfidlice [2]. Hrubsi
pfimési jsou mimé nerovnomérmé rozesety v jilovité zékladni hmoté, ktera je
stfedné az silné rekrystalizovéna. Souvrstvi libefiskych bfidlic je monoténni a
nebyly v ném po petrografické strance zjistény podstatné odchylky. Patfi k mék-

V posuzovaném profilu staniéeni 14,850 VTT se v libefiskych bfidlicich nacha-
zeji pribézné vrstevni diskontinuity, jejichZ sklon byl pfedpokladan po konzultaci
se zpracovateli prizkumu [2] hodnotou 20° od vodorovného sméru. Tento sklon
byl potvrzen i zjisténimi v prGzkumné $tole vychodni tunelové roury v misté pod
ulici Ostrovského. Diskontinuity vrstevnych ploch maji v tomto Useku primérou
mocnost 15 ¢cm a jsou relativné hladké (s nizkou drsnosti). Pfi rekognoskaci ¢el-
by prlizkumné $toly v libefiskych biidlicich v jiném stani¢eni bylo mozno pozoro-
vat vrstevni diskontinuity téZ s nizkou drsnosti, vypInéné jilovitou hlinou. Na vrs-
tevni diskontinuity jsou v daném Useku prakticky kolmé diskontinuity puklin, kte-
ré jsou drsnéjsi a nepribézné. V nékterych daldich Usecich planované razby
tunell se v souvrstyi libefskych bfidlic vyskytuiji téz tektonické ohlazové plochy
a poruchy.

3. ZRUSQB !VIATEMATICKEHO MODELOVANi A POSTUP
VYPOCTU
3.1 POUZITA METODA MATEMATICKEHO MODELOVANI

Vypodet byl proveden v programovém systému FLAC version 3.3 (Fast
Lagrangian Analysis of Continua). Vyvinula jej firma ITASCA z USA [3]. Program
je sestaven pro feseni uloh mechaniky hornin a mechaniky a mechaniky zemin
a téZ pro fedeni konstrukei a konstrukénich prvkid v kontaktu s geologickym pro-
stfedim. Program FLAC je velmi vhodny pro materidlové nelinearni vypodty,
umoznuje efektivné modelovat pretvareni geomateriall pfi velkych deformacich
a zachovava si numerickou stabilitu i pfi modelovani procest porudeni, cozZ je
vyhoda oproti bézné pouzivané metodé kone¢nych prvk{. Toho lze vyuzit i pfi
identifikaci moznych kolapstl v geotechnice.

ky overburden, consisting of Liberi shales is only 9 m over the western tunnel
tube. Said critical place is shown of Fig. 3 on the above mentioned article
(Dvorak, J. et al). The composition of geological layers of the section being con-
sidered is as follows: made-up grounds, deluvial sediments, Liberi slates —
decompased, weathered partially weathered and unweathered. Mechanical pro-
perties of geological layers are mentioned in details in [2] and [6]. For the tun-
nelling technique for tunnel tubes in the considered profile, properties of Liberi
shales are decisive. The rock massif of Liberi shales is weakened by discontinu-
ities. That is why it was decicled to reinforce the Liberi shales by means of a high
pressure grouting (clatage) in said section. On Fig. 1 there is shown a core sam-
ple of Liberi shales injecied by grout.

2. LIBEN SHALE MEASURES

It concerns grey-black up to black shales, mostly clayish-silt shales [2].
Rougher admixiures take placed disproportionally in the basic clayish material,
which is recrystallized in a middle up to high degree. The measures of Liberi sha-
les are monotonous and no essential differences from the petrographic point of
view were found in them. They are ranked among softer and more plastic rock of
the Prague Ordovician system.

In the considered profile in chainage 14.850 of ETT, in Liber} shales there take
place through layer discontinuities, the incline of which was supposed, after
having cansulted the investigation team (2], to be 20° from the horizontal directi-
on. Said incline was certified even by findings in the trial gallery of the eastern
tunnel tube in the location under the street Ostrovského. Discontinuities of the
layer surfaces have an average thickness of 15 ¢cm in this section and they are
relatively smooth (with a low roughness).

When inspecting the heading of the trial gallery in Liberi shales in another sta-
tioning, there was possible to see layer discontinuities even with a low rough-
ness, filled with a clayish earth. Discontinuities of cracks which are rougher and
are not passing through, are normal to layer discontinuities in the respective sec-
tion. In some other sections of the planned tunnel driving, there take place tec-
tonic polish surfaces in the measures of Liben shales.

3. METHOD OF MATHEMATIC SIMULATING
AND CALCULATION PROCESS
3.1 APPLIED METHOD OF MATHEMATIC SIMULATING

The calculation was performed in the program system FLAC version 3.3 (Fast
Langrangian Analysis of Continua). It was developed by the firm ITASCA, USA [3].
The program was elaborated for solving problems concerning the rock mechanics
and the earth mechanics, as well as for solving structures and structural elements in
contact with a geological environment. The program FLAC is very suitable for mate-
rial non-linear calculations of geomaterials at large deformations.

It can be utilized even for identifying eventual collapse in geotechnical engi-
neering.

3.2 SIMULATING METHOD OF A BEDDED LAYERS ROCK MASSIF

Possible cross weakening of the massif
— cracks normal to a layered structure

Obr. 3: Izolinie svislych pokle- JOB TITLE :  Tunel Mrazovka - km 14,850 VTT profil ul. Osrovskeho 02
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3.2 ZPUSOB MODELOVANI VRSTEVNATEHO HORNINOVEHO
MASIVU

Mozna pii¢né oslabeni masivu

— pukliny kolmé na vrstevnatost

- tektonické ohlazy obecnych smérl
— poruchy obecnych sméril
Jednotlivé vrstevni diskontinuity

Deformacni vlastnosti horninového masivu prazskych ordovickych bridlic s
vrstevnimi diskontinuitami maji ¢asto vyrazné anizotropni charakter. Vrstevni dis-
kontinuity bfidlic spolecné s dalsimi moznymi oslabenimi (obr. 2), maji vliv na sta-
bilitu masivu, na vyjizdéni a vypadavani jednotlivych blokd horniny. Konstitutivni
vztahy pro kontinuum by nepopsaly dostate¢né vérohodné pretvafeni ani zpliso-
by moZzného piekrodeni pevnosti masivu. Koncepce matematického modelovan{
prazskych ordovickych bfidlic v provedeném fedeni byla vedena s maximaini
snahou vystihnout vliv diskontinuit v horninovém masivu.

Deformacni vlastnosti matematického modelu horninového masivu vyrazné
ovliviiuje norméiné a smykova tuhost diskontinuit, které v sobé zahrnuji pfevaz-
nou ¢ast celkovych deformaénich vlastnosti masivu. Timto zptsobem je zaveden
do matematického modelu ortotropni charakter celkového pfetvareni masivu.
Zbyla ¢ast deformadnich vlastnosti masivu pak pfipada na kvaziintaktni hmotu,
neboli zakladni hmotu bfidlic bez diskontinuit. Proto je modul E kvaziintakiniho
materialu bfidlic zaveden do matematického modelu vy$§imi hodnotami, nez
odpovida celkovym deformaénim vlastnostem masivu. Diskontinuity na vrstvy
kolmych puklin dosahovaly v modelovaném useku vysSich tuhosti, takze jejich
deformacni vlastnosti nebyly do modelu zavedeny a respektovaly se pouze jejich
pevnostni viastnosti. V pfipadé, Ze se v modelovaném Useku vyskytne porucha
obecného sméru (viz obr. 2), je mozné ji zavést do modelu obdobné jako vrstev-
ni diskontinuity i s respektovanim jejich deformacnich vlastnosti.

Pfi razbé tunelu bude mit na deformaéni vlastnosti masivu ordovickych bridlic
vliv téZ plastické pretvareni kvaziintaktni hominy a diskontinuit pfed i po dosaze-
ni vicholové pevnosti. Pouzity matematicky model s diskontinuitami tuto vlast-
nost zohledriuje, na rozdil od béZnych anizotropnich modeld, které popisuiji pou-
ze pruzné chovani horninového masivu.

33 KOl\éSVTITUTIVNi VZTAHY PRO VRSTEVNATY HORNINOVY
MASI

Elasticka ¢ast pfetvareni kvaziintaktni horniny bez diskontinuit je uvazovana
izotropni. Pro zavedeni konstitutivnich vztah( kvaziintaktni horniny byl zvolen
neasociovany zakon plastického pretvareni podle Mohr-Coulomba.

Funkce plastického pretvafeni je ve tvaru:

Fe=0c,—0,* (1 +sing)/(1-sing) +2c*[(1+sino)/(1-sin ¢)]"?
Funkce plastického potencialu je ve tvaru:

G¥=0,-0, " (1+siny)/(1-siny)

Funkce plastického tahového potencialu je ve tvaru: G' = - g,

— tectonic polishes of general directions
— failures of general directions
Individual layer discontinuity

Deformation properties of the rock massif of the Prague Ordovician shales
with layer discontinuities have often a significantly anisotropic character. Layer
discontinuities of shales together with other possible weakenings (Fig. 2) have
an influence upon a sliding and breaking of individual rock blocks. Constitutive
relations for continuum would not descrr%& credibly in a sufficient way not even
ways of a possible crossing the strength of the massif. The conception of the
mathematic simulation of Prague Ordovician shales in the performed solution
was supported by a maximum effort to characterize the influence of discontinui-
ties in rock massif.

Deformation properties of the mathematic simulation of the rock massif are
considerably affected by a normal and shear sliffness of discontinuities, and they
include in them the most part of lotal deformation properties of the massif. In this
way an orthotropic character of the total massif transformation is included into
the mathematic simulation. The remaining part of the deformation properties is
represented by a quasi-intact mass, i.e. the basic mass of slates without discon-
tinuities. That is why the modulus E of the shale quasi-intact material has been
included into the mathematic simulation in higher values than it corresponds with
the total deformation properties of the massif. Discontinuities of cracks, normal
to layers achieved, in the simulated section higher rigidities, so that their defor-
mation properties were not included in the simulation and only their strength pro-
perties were respected. In case that in the simulated section a failure of a gene-
ral direction takes place (see Fig. 2), it is possible for it to be included into the
simulation in an analogous way as layer discontinuities even with respecting the-
ir deformation properties.

When driving the tunnel, plastic transformation of the quasi-intact rock and
discontinuities before and after achieving the top strength will also affect the
deformation properties of the Ordovician shale massif. The applied mathematic
simulation with discontinuities takes into consideration said property, in distincti-
on from usual anisotropic simulations which describe only an elastic behaviour
of the rock massif.

3.3 CONSTITUTIVE RELATIONS FOR A BEDDED ROCK MASSIF

The elastic part of the quasi-intact rock transformation without discontinuities
is considered as isotropic. For forming constitutive relations of a quasi-intact
rock, there was selected an nonassociated law for plastic transformations accor-
ding to Mohr-Coulomb.

The plastic yield function is in the following form:
F=0-0,"(1+sing)/(1-sing)+2c*[(1+sin@)/(1-sing)]”?
The function of the plastic potential is in the following form:
G*=0,-0, " (1+siny) /(1-siny)
The function of the plastic tension potential is in the following form: G" = — o,
where ¢,, 6, G, represents the principal stress

c represents cohesion

0] represents the angle of internal friction

v represents the dilatation angle

In case that the above mentioned parameters will stay in constant values, an
ideal plastic deformation of the quasi-intact rock is supposed. If the solution
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V pfipadé, ze zlistanou vyse uvedené parametry v konstantnich hodnotéch,
predpokldda se idedlné plastické pfetvarfeni kvaziintaktni horniny. Je-li zamér
feseni uvazovat u kvaziintaktni horniny plastické deformace jesté pred dosaze-
nim jeji vrcholové pevnosti a téZ uvaZovat plastické deformace a pokles pevnos-
ti horniny po pfekonani vrcholové pevnosti, definuji se zmény hodnot parametrd
v zavislosti na velikosti celkového souétu pomérného smykového plastického
petvofeni multilineameé, nebo vhodnou funkei. Matematicky popis pretvareni
kvaziintaktni horniny po pfekroceni jeji vicholové pevnosti a pfipadny nasledny
pokles jeji smykové pevnosti ma velky vyznam pro posouzeni stability hornino-
vého masivu, dotéeného provadénym dilem.

Pro zavedeni konstitutivnich vztah( vrstevnich diskontinuit nebo poruchy
obecného sméru se uvazuje elastické pretvareni diskontinuity pomaoci jejich nor-
malnych a smykovych tuhosti. Plastické pfetvafeni je mozné uvazovat podobné
jako u intaktni horniny pfi konstantnich pevnostnich parametrech, nebo téz uva-
Zovat plastické deformace a pokles pevnosti diskontinuity po pfiekonani vrcholo-
vé pevnosti v zavislosti na velikosti celkového souctu plastického smykového
posunu multilinealné, nebo vhodnou funkci.

Pro modelovani puklin nebo tektonickych ohlazi obecnych smérd je mozné
zavést do modelu kontinualniho horninového masivu pfeddefinované sméry
oslabeni. Po pfekrogeni vrcholové pevnosti podle Mohr-Coulomba pak vznikaji
plastické deformace ve sméru oslabenych ploch, pfipadné téZ plastické defor-
mace od vlivu dilatance kolmo na pfeddefinované plochy oslabeni.

3.4 POPIS MATEMATICKEHO MODELU POD ULICi OSTROVSKEHO

Matematicky model ma rozméry, které odpovidaji 220 metrim $itky a 90 met-
rim hloubky pod povrchem terénu. Z geologického profilu podle [2] jsou rozho-
dujici mechanické vlastnosti libenskych bfidlic, které jsou modelovény v souladu
s kap. 3.2 a 3.3. Primé&ma mocnost vrstev bfidlic v posuzovaném Useku je
15 cm. V matematickém modelu musela byt z numerickych diivodd pouZita niz-
&i frekvence vrstevnatosti. Mocnost vrstev v modelu je 1 m, takZe tuhosti dis-
kontinuit v modelu musely byt imérné prepocteny, aby celkové deformadéni viast-
nosti masivu odpovidaly skuteéné mocnosti vrstev. Pevnostni parametry diskon-
tinuit vrstev jsou do modelu zadany podle [2]. Diskontinuity puklin, vyskytujici se
ve sméru pfiblizné kolmém na vrstevnatost, byly do modelu zadany pfislusnymi
pevnostnimi parametry. Nad kalotou vyrubt je planovano zpevnéni horminového
masivu vysokotlakou injektazi. Ze vzorku vrtného jadra po injektazi (viz obr. 1) je
patrné, Zze ke zpevnéni horninového masivu vysokotlakou injektazi doslo v dis-
kontinuitach liberiskych bfidlic. Proto byly v mistech injektazi v matematickém
modelu zvySeny tuhosti i smykové pevnosti diskontinuit,

Matematicky model je rovinny ve stavu rovinné deformace. Ve vypoctu je neu-
stle aktivovano svislé thové zrychleni. Povrch terénu je zatizen v mistech jed-
notlivych domi ulice Ostrovského.

infent resides in considering a plastic deformation of the quasi-intact rock before
achieving its top strength, and also in considering the plastic deformation and a
sirength decrease of the rock after crossing the lop strength, changes of para-
meter values are defined in dependence upon the value of the fotal sum of the
plastic shear deformation multilinearly, or by means of a suitable function. The
mathematic description of the quasi-intact rock transformation after crossing its
top strength, and an eventual following decrease of its shearing strength, has a
real importance for judging the stability of the rock massif affected by the work
eing performed.

Afler having applied constitutive relations of layer disconlinuities or a failure of
a general direclion, an elastic discontinuity transformation by means of its nor-
mal and shearing stiffness are considered. The plastic deformation may be con-
sidered in an analogous way as in the case of the intact rock at constan! strength
parameters, or to take inlo consideration plastic deformations and the disconfi-
nuity sirength decrease, after having crossed the top strength, in dependence
upon the value of the total sum of the plastic shearing displacement muitilateral-
ly, or by means of a suitable function.

For simulating cracks or tectonic polishes of general directions, it is possible
to include into the simulation of a continuous rock massif pre-defined weakening
directions. After having crossed the top strength according to Mohr-Coulomb,
then plastic deformations arise in the direction of weakened surfaces.

3.4 DESCRIPTION OF THE MATHEMATIC SIMULATION UNDER
THE STREET OSTROVSKEHO

The mathematic simulation has dimensions which correspond whith 220 m of
the width and 90 m of the depth under the ground surface. From the geological
profile according to [2], there are decisive mechanical properties of Liberi shales
which are simulated in compliance with Chapter 3.2 and 3.3. The average thick-
ness of shale layers in the considered section is equal to 15 cm. In the mathe-
matic simulation, a lower bedding frequency had to be applied due to numerical
reasons. The thickness of layers in the simulation is equal to 1 m, so that rigidi-
ties of the discontinuities in the simulation had to be proportionally recalculated,
that total deformation properties of the massif may correspond with the real thick-
ness of layers. Strength parameters of the layer discontinuities have been inclu-
ded in the simulation according to [2]. Cracks discontinuities, taking place in the
direction approximately normal to the bedding, resulted from the respective
strength parameters. Over a top heading there is planned a reinforcement of the
rock massif by means of a high pressure grouting. From a core sample after
injecting (see Fig. 1), it is evident, that the reinforcement of the rock massif by
means of the high pressure grouting took place in the discontinuities of the Liberi
slates. That is why in the mathematic simulation, in places of the grouting, the
rigidity and shearing strengths were increased.

The mathematic simulation is plane, in the condition of a strain plane defor-
mation. A vertical acceleration of gravily is continuously activated in the calcula-
tion. The ground surface is loaded in places of individual houses of the Street
Ostrovskeho.

Gradual opening of both tunnel excavations under the street Ostrovského was
simulated in such a way that all successive steps of the construction technique
may be characterized. The excavation support by means of the lining and rock
bolts was performed in the mathematic simulation after a partial relaxation of the

Obr. 5: Oblasti plastického
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Postupné otevirani obou tunelovych vyrubl pod ulici Ostrovského bylo mode-
lovano tak, aby byly vystizeny v8echny postupné kroky technologie vystavby.
Vystrojovani vyrubu osténim i kotvami probihalo v matematickém modelu aZ po
¢astecné relaxaci horninového masivu. Relaxace zohlediovala viivy tfirozmér-
ného efektu razby, délku zabéru a technologii obezdivky ze stiikaného betonu.

Nékteré vysledky vypoctd v profilu pod ulici Ostrovského jsou dokumentova-
ny na obrazcich €. 3 az 6 (pfi uvazovani dokonalé injektaze).

Pozn.: Koneéna realizaéni dokumentace pro Useku pod Ostrovského ulici uva-
zuje odli$né schema pobirani (svislé &lenéni celby).

4. ZAVER

Vysledkem provedeného matematického modelovani je posouzeni stability
vyrub(l, vypocet vnitinich sil v osténi i v kotvicich prvcich, napjatost a deformace
v horninovém masivu a poklesy povrchu terénu.

Pfi zvolené diskontinuéini analyze bylo mozné vystihnout pretvareni homino-
vého masivu ovlivnéné technologii razby tunell s velmi dobrou pfesnosti. Je téz
mozné optimalizovat technologii razby a prvky vystroje s cilem zaji$téni potreb-
né bezpecnosti vystavby.

Je skuteCnosti, Ze v danych podminkach (nepfili§ kvalitni hominovy masiv,
nizké nadlozi, velké plochy vyrubl, zastavba na povrchu) nelze vyloudit uréité
problémy pii provadéni tunelll. Podrobné posouzen( stabilitnich rizik v podzemi a
deformacnich rizik na povrchu jiz ve stadiu projektovani je umoznéno pravé apli-
kaci kvalitnich matematickych modell. Zavéry z téchto numerickych feseni spo-
lu s vyuzitim pfidavnych technologii, jako jsou mikropilotaze, sanaéni injektaze,
pfipadné kompenzaéni injektaze, zpevnujici konstrukce na zastavbé — vée pod
stalym a velmi obsaznym monitoringem — umozni zajistit zdsadnf redukci moz-
nych rizik pfi vystavbé tunelt velkych profildi.
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rock massif took place. The relaxation respected influences of a three-dimensio-
nal effect of the driving, the attack length and the shotcrete lining technique.

Some of the calculation results in the profile under the street Ostrovského
have been documented on Figs. No. 3 to 6 (in case of a perfect grouting).

A different scheme of the face excavation (a vertical drilling process) is inclu-
ded in the final design.

4, CONCLUSION

The result of the performed mathematic simulation resides in judging the
excavation stability, in calculating internal forces in lining and anchoring ele-
ments, strength and deformation in the rock massif and surface settlement.

At the selected discontinuous analysis, it was possible to find out the rock
massif deformation affected by the driving technique with a very good accuracy.
It is also possible to optimize the driving lechnique and support elements, with
the lask to ensure the needed construction work safety.

It is the fact that in the respective conditions (a rock massif of a not too high
quality, shallow overburden, large excavated cross sections, surface housing
some problems concerning the tunnel performance cannot be eliminated.
Detailed judging of stable risks in underground, and of deformation risks on the
ground already In the stage of designing is enabled just by applying mathematic
simulations of high qualily. Conclusions of those numerical solutions, together
with the utilization of additional techniques, such as micropiling, rehabilitation
grouting, eventually compensalion grouting, supporting structures in housing
areas — all under a permanent and very comprehensive monitoring — make it
possible to ensure a fundamental reduction of possible risks during the building
of the Mrazovka tunnel.
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PRUZKUMNA STOLA MRAZOVKA — ODVOZENI MODELU
MECHANICKEHO CHOVANi HORNINOVEHO MASIVU
Z VYSLEDKU MERENI IN SITU

THE MRAZOVKA EXPLORATORY ADIT - MODELLING
OF ROCK MASS MECHANICAL BEHAVIOUR ACCORDING
TO FIELD MEASUREMENTS

ING. MARTA DOLEZALOVA, CSC., ING. VLASTA ZEMANOVA, ING. JAROSLAV DANKO,
DOLEXPERT-GEOTECHNIKA, PRAHA

1. UvVOD

Tunel Mrazovka, ktery je spojnici mezi Strahovskym tunelem
a Barrandovskym mostem, je povaZovan za jednu z nejvyznamnéjdich doprav-
nich staveb v Praze na pfelomu tisicileti [1]. Jde o rozsahly komplex podzemnich
staveb, jejichz ndvrh byl na kritickych mistech podloZen sérii matematickych
modell [2, 3, 4, 5]. Nékteré vysledky z téchto modelt byly publikovany objedna-
telem v [6].

Regeni MKP provedené pro 24 m &iroky a 17 m vysoky vyrub rozpletu zapad-
ni tunelové trouby (ZTT) upozornilo na nebezpedi plastifikace stfedniho pilife pfi
navrhovaném postupu vylomu a na pfiznivy stabilizacni (i¢inek zpevnéni dna dil-
¢ich vyrubl [4). Model strojovny vzduchotechniky (VZT) ukazal, Ze pfi lenéni
porubu se na postupné budované provizori osténi pfedava postupné se ménicf
horninovy tlak a u napojeni diléich osténi se vytvaii plastické klouby, které ovliv-
fiuji rozdéleni vnitfnich sil osténi [5].
kém fezu ZTT v km 4,850 u ul. Ostrovského. Zde dochazi ke kumulaci nepfizni-
vych faktorl, jako je hustd zastavba, nizké nadloZf (15 m) a sloZité geologické
poméry. Proto bylo navrZzeno komplexni numerické feseni problému ve tfech kro-
cich. Prvnim krokem byla numericka analyza priizkumné $toly, kterd umoznila na
zakladé vysledkd méfeni in situ vybrat vhodny konstitutivni model (vztah mezi
napétim a pfetvofenim) pro horninové prostfedi libefiskych bfidlic a urcit jeho
parametry [2, 7, 8]. Druhym krokem bylo modelovani viivu technologickych
postuptl vystavby na sedani nadloZi v pfiéném sméru pomoci rovinnych Gloh [3,
9]. Tretim krokem ma byt prostorové fedeni metodou kone¢nych prvkli (MKP) za
Udelem zjisténi vlivu tvaru Celby a dalsich faktorl (délky zabéru, vzdalenosti
vystrojeni kaloty a uzavieni spodni klenby, zplsobu zajisténi stability celoy a jiné)
na konvergenci tunelu, stabilitu Celby a prostorovy priibéh poklesové kotliny nad
tunelem.

Tento ¢lanek navazuje na prvni krok a obsahuje analyzu dvou konstitutivnich
modell odvozenych z vysledkl méfeni pomoci sblizovacich vypodti, které pi
stejném poklesu terénu davaly rozdilnou konvergenci a odligné parametry horni-
nového masivu. Rozbor ma vyznam pro dalsi postup matematického modelova-
ni tunelu Mrazovka.

Jak jiz bylo zminéno, pfedmétem sblizovacich vypoétd byla prizkumna stola,
kde kromé vysledkl kontrolniho sledovant (konvergence $toly, pfetvoieni nadlo-
Z[ méfené extenzometry, pfesnd nivelace poklesu povrchu) byly k dispozici
i vysledky polnich zkousek vlastnosti hornin. Razba a vystrojovani &toly bylo
modelovano pomoci MKP a byla ovéfena funkce idedlné pruznoplastického
modelu s parametry zavislymi na hloubce a drahové zavislého pruznoplastické-
ho kenstitutivniho modelu. Pro kazdy z téchto modell byla feSena parametrické
studie, jejimZ cilem bylo stanoveni parametr(i horninového masivu, kieré zabez-
peci nejlepsi priblizeni k naméfenym hodnotam sedani nadlozi a konvergence
stoly. Pro progndzu poklesové kotliny nad tunelem byly vybrany ty konstitutivni
modely, které poskytly vyhovujici shodu s vysledky méfeni pfi minimalni zméné
parametr(i horninového masivu stanovenych prizkumem. Ukazalo se, Ze tomu-
to kritériu vyhovuje drahové zavisly pruznoplasticky model, zatimco ideainé pruz-
noplasticky model nikoliv. Tento model totiz nerespektuje vliv redistribuce napéti
na deformacni odezvu hominového prostiedi a tim zkresluje velikost a rozdéleni
pohybl masivu vyvolanych razbou. Takovy model nemize poskytnout spolehli-
vé podklady pro vyuziti observaéni metody pii vystavbé tunelu.

2. GEOLOGICKE A GEOTECHNICKE POMERY, VYSLEDKY
KONTROLNHO SLEDOVANi PRUZKUMNE $TOLY

Geologické poméry podél trasy tfiproudového dopravnino tunelu (Sitka

1. INTRODUCTION

The Mrazovka Tunnel to be built between the Strahov Tunnel and the
Barrandov Bridge can be considered as one of the most important traffic struc-
tures in Prague at the turn of millennia. It includes a number of significant underg-
round structures where the design has been supported by numerical models [2,
3 4, 5].

According to the FEM solution of the tunnel branching (width: 24 m, height:
17 m) in the Western Tunnel Tube (WTT), the multistage excavation as designed
can bring about yielding and shear failure of the middle pillar. Along with strengt-
hening and widening of the pillar, temporary invert of partial openings appeared
as an effective countermeasure [4]. Numerical model of the underground machi-
ne hall for ventilation showed that the temporary support (shotcrete) constructed
during staged excavation is a jointed liner which is loaded by gradually increa-
sing rock pressure. The joints can influence the distribution of moments and
internal forces in the support [5].

The most important problem under consideration was the prediction of the
settlement trough in the critical cross section of WTT (km 4,850) at Ostrovského
Street where unfavourable conditions (dense built-up area, minimum cover, com-
plicated geological conditions) have been cumulated. To solve the problem,
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OBR. 1

TUNEL MRAZIOVKA,’ KRITICKY RﬁiCNY REZ S MINIMALNIM NADLOZIM V
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Mrazovka Road Tunnel, Western Tunnel Tube — the critical cross section with
minimum overburden at km 0,485 (SATRA Ltd.)
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15,6 m, vysky 12,4 m) byly zjistovany vrinym prizkumem a prlizkumnou $tolou
(§itka 3,50 m, vySka 2,15 m) u vrcholu tunelu (obr. 1). Podrobny popis dila je
v &lancich [1, 6], souhrn geologickych a geotechnickych pomérl v elaboratu [10].

Piedmétny kriticky Usek s minimalnim nadlozim (15 m) se vyznacuje sledem
téchto vrstev: zdrava prachovitojilovita biidlice liberiského souvrstvi s velkou hus-
totou diskontinuit a s navétralym horizontem asi 1,0 m nad kalotou tunelu, navét-
rala biidlice s velmi velkou a zvétrala bfidlice s extrémné velkou hustotou dis-
kontinuit. Déle rozlozend biidlice, diluviaini sedimenty a navazka (obr. 1).

Geotechnické charakteristiky byly zjistovany pomoci presiometrickych a jinych
polnich zkou$ek a mistni normové charakteristiky (objemova hmotnost y, modul
pietvarnosti Ep, modul pruznosti E, PoissonGyv souginitel vp, soudrznost ¢’, thel
vnitfniho tfeni ¢’) jsou prezentovany jako parametry plynule se ménici s hloub-
kou h. Pro vrstvy vyznamné pro sblizovaci vypocty, tj. zdravé, navétralé a zvét-
ralé biidlice byly doporuéeny tyto hodnoty: [10]

Tabulka é. 1 Mistni normové charakteristiky libefiskych bfidlic
Material h Y E, \A E c ¢
m kN/m3  MPa MPa  kPa J

Bridlice zvétrala 6,6 21,5 15 0,4 35 15 22
Bridlice navétrala | 9,2 23,5 35 0,35 80 20 26
Bridlice zdrava 13,6 245 200 0,28 400 30 30
18,6 25,2 300 0,26 600 40 32
28,6 255 800 0,24 1500 40 32
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SI':T' KQNECNYQH PRVKU A VROZDELENI' MATEBIALU PRO SBLIZOVACI
VYPOCTY K VYSLEDKUM MERENI PRUZKUMNE STOLY
FEM mesh and materials considered for back analysis of the exploratory adit

a complex numerical analysis consisting of three steps was suggested. The first
step was the numerical analysis of the exploratory adit which on the basis of the
site investigation and monitoring results allowed to identify constitutive models
(stress-strain relations) and parameters properly describing the rock mass
mechanical behaviour [2, 7, 8]. The second step, using the best fit constitutive
model and two-dimensional (2D) computational models, allowed to quantify the
effect of different construction methods on the surface settlement in cross direc-
tion [3, 9]. Using a large 3D model, the third step is aiming at the analysis of the
effect of the tunnel face advance and supporting technology (length of the attack,
distance of the supporting arch and invert from the tunnel face, support of the
face, etc.) on the tunnel convergence and surface settlement in three dimension.

Further the first step, this paper is focused on derivation, comparison and ana-
lysis of two constitutive models where the back analysis using FEM produced the
same settlement trough but different rock mass parameters and tunnel conver-
gence. The analysis can be useful for the next stage of numerical modelling of
the Mrazovka Tunnel.

As mentioned above, the back analysis using a “trial and error” procedure was
focused on the exploratory adit, where along with the results of monitoring (con-
vergence of the adit, deformation of the overburden registered by extensome-
ters, surface subsidence measured by precise levelling), rock properties deter-
mined by filed tests were available. The process of construction of the adit was
simulated by finite elements using two different constitutive models for materials:
an elastic-perfectly plastic model and a path dependent elastoplastic model. The
parameters fitting the measurement results were determined by parametric stu-
dies. As a criterion for final choice not only the best fit of the measured subsi-
dence and convergence was used, but also the minimum change of the rock
parameters according to the field tests was required. The path dependent model
well matched this criterion, while the elastic-perfectly plastic model did not cope
with it. This model neglects the stress and path dependence of deformational
parameters below the failure surface and therefore it yields incorrect displace-
ment field (magnitude and distribution) due to tunnelling. Such a model cannot
give reliable input for application of the Observational Method in tunnel con-
struction.

2. GEOLOGICAL AND GEOTECHNICAL CONDITIONS,
MONITORING RESULTS OF THE EXPLORARY ADIT

Geological conditions in the route of the three-lane tunnel (width 15.6 m,
height 12.4 m) were investigated using bore holes and an exploratory adit (width
3.5 m, height 2.15 m). The tunnel complex is described in the papers [1, 6], the
geological and geotechnical conditions are specified in the work [10].

In the critical cross section (Fig. 1) unweathered, but jointed shale of Prague
Ordovic (Liberi Strata) is underlain by quartzite and overlain by weathered and
heavily jointed shale and also by disintegrated and extremely jointed shale of the
same origin. These are covered by diluvial and man-made deposits.

The geotechnical parameters were derived from pressuremeter and other
field tests carried out in the adit and presented as parameters (depth h, unit
weight vy, deformation modulus Ep, Poisson ration vp, Young modulus E and
effective shear strength parameters ¢’ and ¢’) increasing with depths. For Liberi
Shale Strata, which are of importance for the back analysis procedures, proper-
ties shown in Table 1 were recommended [10):

Table 1 Geotechnical properties of Libef Shale according to the site
investigation
Shale h Y E, A E C] ¢
m kN/m3  MPa MPa  kPa 2
Weathered 6.6 215 15 0.4 35 15 22

Partly weathered | 9.2 23.5 35 0.35 80 20 26
Unweathered 13.6 24.5 200 0.28 400 30 30
18.6 25.2 300 0.26 600 40 32
28.6 255 800 024 1500 40 32

The most important measurement results, concerning the rock mass and sur-
face movements caused by excavation of the exploratory adit, are as follows: the
maximum surface settlement, 1.2 cm (without effect of the preceding dewate-
ring), the portion of settlement occurring before the adit passed the critical cross
section, 50%, the maximum differential settlement, 1/900 and the maximum dis-
placements making 1.7 cm in vertical direction and 3.4 cm in horizontal directi-
on. For the back analysis procedure the surface settlement 1.2 cm and the ver-
tical displacement of the crown 2 x 1.7 = 3.4 cm were selected as decisive valu-
es. The latter includes the estimated value of the convergence occurring before
installation of the measuring devices. Since the relatively large horizontal displa-
cement of the adit could be considerably influenced by yielding of rock mass due
to late installation of the temporary support (shotcrete 15 ¢cm), this movement
was not included in the fitting procedure.

3. BACK ANALYSIS PROCEDURE USING FINITE ELEMENT
METHOD

To perform the parametric studies, a 2D FEM model of the adit with simplified
geological conditions was used (Fig. 2). A primary stress state corresponding to
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Podle kontrolniho sledovani [13] Ize za smérodatné pro sbliZovaci vypocty
povaZovat tyto hodnoty: maximainf pokles terénu na posuzovaném misté 1,2 cm
(bez vlivu poklesu hladiny podzemni vody), podil poklest pfed prichodem celby
atoly asi 50 % celkovych pokles(, maximalni pfigny sklon poklesové zény 1/900
a nejvétsi konvergenci toly 1,7 cm ve svislém a 3,4 cm ve vodorovném sméru.
Jelikoz naméfena konvergence neobsahuje deformace vzniklé pfed elbou, je
skuteéna konvergence asi dvojnasobkem naméfenych hodnot. Velkd vodorovna
konvergence $toly je nejspid ukazatelem plastifikace hominy v dusledku pozdni-
ho vystrojovani §toly a zpevnéni jejiho dna, a proto nebyla pouZita jako kritérium
pro sblizovéni.

3. SBLI?QVACi VYPOCTY POMOCI METODY KONECNYCH
PRVKU

Rovinny model $toly se schematizovanymi geologickymi poméry je na obr. 2.
Souginitel bo&niho tlaku v klidu KO pro plvodni geostatickou napjatost byl uva-
zovan hodnotou 0,5 pro navétralou a zdravou bfidlici a hodnotou 0,6 pro sedi-
menty a navazky. Vylom a vystrojovani Stoly bylo provedeno ve &tyfech etapach:
plvodni napjatost (1), vylom kaloty a vystrojeni klenby ,,nezralym, stfikanym
betonem o mocnosti 0,15 m (2), vylom spodni ¢asti Stoly a vystrojeni dna ,,nezra-
lym* stifkanym betonem, dale vystrojeni klenby zralym betonem (3) a vystrojeni
dna zralym stiikanym betonem (4).

,,Nezraly, stiikany beton modeluje poméry u ¢elby, kde hornina neni jesté
vystrojena, ale uplatiuje se prostorovy efekt tvaru vyrubu. Sblizovaci vypocty
vedly na pfetvarny modul nezralého betonu 250 MPa, ktery je jen o malo vy3éi
neZ miniméalni pfetvarny modul zdravé bfidlice 200 MPa. To znamen4, Ze vystro-
jeni &toly nemélo na deformaci horninového masivu zadny omezujici vliv.

Vybér konstitutivnich modeldl pro popis mechanického chovani horninového
masivu byl piizplisoben moznostem pouzitého programoveho systému CRIS-
PATH, kde je implementovan vysoce efektivni fesi¢ rovnic pro vystizné modelo-
vani rozsahlych nelinedrnich prostorovych dloh mechaniky kontinua [11].

Zpétnou analyzou MKP byla ovéfena vhodnost téchto konstitutivnich model(:
- varianta idedlné pruznoplastického, tzv. Mohr-Coulombova modelu, kde

modul pruznosti a soudrZnosti latek rostou sice s hloubkou, ale v dané hloub-

ce jsou konstantni a nezavislé na zméné napjatosti az do okamziku poruseni

(model ¢. 1),

— drahové zavisly pruznoplasticky model (model ¢&. 2), kde jsou pfetvamé para-

metry pfed porudenim zavislé nejen na dosazené Urovni napéti (zpevnéni vli-
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Obr. 3
Srovnani poklesu terénu podle vysledkd méfeni a zpétné analyzy MKP pfi pouZiti
riznych konstitutivnich model(i horninového masivu

Comparsion of settlement through according to monitoring and back analyses using
different constitutive models of rock mass

the overburden weight and lateral pressure at rest KO = 0.5 for Liberi Shale and

KO = 0.6 for overlying materials was considered. The excavation of the adit was

performed in four stages: primary stress state (1), excavation of the upper part

with a ,green shotcrete” arch support (2), excavation of the lower part with a “gre-
en shotcrete” invert and change of the properties of the ,green shotcrete” of the
arch to the final values of the shotcrete (3) and finally a similar change of the pro-

perties of the invert (4).

Introducing the “green shotcrete”, the degree of the stress release taking pla-
ce before installation of the temporary support was approximated and the deter-
mination of the corresponding deformation modulus of this material was included
in the trial-and-error fitting procedure approaching the measurement resuits.
A deformation modulus as low as 250 MPa, i.e. a stiffness close to the stiffness
of the unweathered shale (200 MPa) was obtained. This proves the rather little
confining effect of the shotcrete lining concerning the process of siress release
and convergence of the adit.

When selecting constitutive models for description of the rock mass mechani-
cal behaviour, some of models implemented in our FEM code CRISPATH, using
a highly effective solver for solving large 3D problems [11], were preferred.

The capabilities of the following two models were checked using the back ana-
lysis procedure:
~ elastic-perfectly-plastic model (so called Mohr-Coulomb model) with parame-

ters increasing with depth, but otherwise independent on the stress state

below the failure surface (Model No 1),

— path dependent elastic-plastic model (Model No 2) with parameters depending
below the failure surface not only on the stress level (stiffening with increasing
normal stress and weakening with shear strength mobilization), but on the
stress paths as well (loading and unloading in shear and by normal stress)
according to the Fig. 7 and [12].

For Model No 1 deformation moduli Ep and cohesion ¢ increasing with depth
(E = E, + m¢h and ¢’ = ¢,” + m.h) were applied together with the Mohr-Coulomb
failure hypothesis which was used for Model No 2 as well. Changing step by step
the parameters, fitting of the measured values of the vertical displacement of the
crown (cm)/surface settlement (cm), i.e. 3.4 cm/1.2 cm was aimed at, preferring
at the same time the surface settlement measurements.

Table 2 The initial (1) and back-analyzed (2) parameters of the elastic-perfectly-
plastic constitutive model with E and ¢ increasing with depth (Model No 1)
Shale Data EJ[MPa] mJMPa/m] v, cJkPa] mfkPa/m] o[°]
Partly (1) 35 37 03 20 2 28
weathered (2) 12 2 0.3 20 2 28
Unweathered (1) 200 34 0.26 30 2 30

(2) 40 10 026 30 2 30

The parameter set (1) represents the results of the site investigation, while the
set (2) was obtained by the trial and error fitting procedure. Displacements
making only 1.46 ¢cm/0.34 cm, i.e. considerably underestimating the measure-
ments, was obtained using the data set (1). The best fit, achieved by a dramatic
reduction (3-5 times) of E and mE, was 5.9 cm/1.2 cm, i.e. good result for the
surface settlement but a bad one for the deformation of the adit. The conside-
rable difference between the back-analyzed parameters (2) and the in situ rock
characteristics (1) shows that Model No 1, even if it can be adjusted to a selec-
ted measurement result, is not general enough to predict the behaviour of the
tunnel.

Using Model No 2 for the back analysis of the field measurement results, data
according to the site investigation (Table 1) completed by some estimated valu-
es of the exponents describing the results of standard triaxial tests (see Table 3)
were applied:

Table 3 The input paramentres of the path dependent elastoplastic
constitutive model

Shale E, vv ¢ ¢ E E. Euw Ve 6 kK k Kk
Partly

Parly 4|3 030 25 28 80 60 400 042 15 025 05 10
gr';‘gea‘h' 200 026 30 30 400 150 600 042 20 010 05 10

The path dependent model (Model No 2) yielded satisfactory results shown in
Figs. 3 and 4, at the first attempt without any fitting procedure. The crown/surfa-
ce settlements making 3.6 cm/1.34 ¢cm and the corresponding differential settle-
ment 1/764 are close to the measurement results. This was obtained using input
data identical to in situ rock properties and corresponding to the primary geosta-
tic stress state. The reason is that Model No 2 is capable fo reflect the effect of
the stress change from the primary state to the secondary one, while Model No 1
does not account for it.

4. DISCUSSION OF THE BACK ANALYSIS RESULTS

The results of the trial and error back analysis procedure are presented in
Figs. 3, 4 and 5.
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Vysledky zpétné analyzy MKP
Results of back analysis (FEM)

Idealné pruznoplasticky konstitutivni model s deforma&nim modulem E
a soudrznosti ¢ rostoucimi s hloubkou (model &. 1)
Elastic-perfectly-plastic model: deformation modulus E and cohesion ¢ increasing with depth (model No 1)
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SROVNANI SEDAN[ NADLOZ[ A PRETVARNYCH A PEVNOSTNICH PARAMETRU MASIVU PODLE
MERENI A PODLE ZPETNE ANALYZY MKP

Comparison of the overburden vertical displacements and rock mass parameters according to monitoring
and field tests and back analysis using FEM with different constitutive models
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vem rlstu normélovych napéti a zmékceni vlivem smyku), ale také na zména

sméru drahy napéti (pfitizeni nebo odleheni normélovym napétim nebo smy-

kem) podle obr. 7 a [12].

Pro model &. 1 byly aplikovany vztahy E,=E =E, + mcha ¢ = ¢, + m_h, déle
Mohr-Coulombova teorie poruent, ktera byla pouZita i u modelu ¢. 2. Postupnou
zménou parametr(l se sblizovalo k naméfenym hodnotam poklesu tropu $toly
(3,4 cm) / poklesu terénu (1,2 cm), pficemzZ pokles terénu byl vzhledem k cilim
fedeni a spolehlivosti méfeni povazovan za hlavni smérodatnou hodnotu.

Tabulka & 2 Vysledky sblizovacich vypodti pro ideding pruznoplasticky
model s E a ¢’ rostoucimi s hloubkou (model ¢. 1)

Material Data E[MPa] mJMPa/m] v, cJkPa] mJ[kPa/m] ¢[°]

Navétralda | (1) 35 37 03 20 2 28

bridlice 2 12 2 0,3 20 2 28

Zdrava (1) 200 34 026 30 2 30

bidlice (2) 40 10 026 30 2 30

Prvni soubor vstupnich dat (1) odpovida mistnim normovym charakteristikam
podle tabulky €. 1, zatimco druhy soubor (2) je koneénym vysledkem &etnych
sblizovacich krokd. Podle souboru (1) &inf deformace nadlozi pouze
1,46 cm/0,34 cm, coZ je podstatné méné nez naméfené hodnoty. Souborem dat
(2) bylo dosazeno lepéi shody 5,9 cm/1,2 cm, ale pokles stropu Stoly 5,9 ¢cm je
piilis velky a pfetvamné moduly bidiice jsou 3 aZ Skrat nizsi neZ podle podklad(.
Velky rozdil mezi vypodtenymi parametry (2) a charakteristikami masivu podle
podkladi (1) je dikazem toho, Ze konstitutivni model &. 1 Ize sice pfizplsobit
modelovani jedné méfené veliéiny (pokles terénu 1,2 cm), ale neni dostateéné
obecny pro prognézu chovani tunelu.
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OBR. 5

In Fig. 3 the surface settlement trough calculated by both the elastic-perfect-
ly-plastic model (Model No 1) and by the path dependent model (Model No 2) is
compared with the measured one. As one can seg, the surface selllement curve
can be simulated by any constitutive model if the parameters are properly adjus-
ted. This fact, however, cannot be considered as & sufficient proof of the predic-
tive capability of these constitutive models for the rock mass under considerati-
on.

More information is given in Fig. 4 where the initial and back-analyzed values
of the deformation modulus and cohesion are compared for both models and the
measured and calculated settlement distribution with depth is shown. This Figure
discovers the differences between the analysed constitutive models. To simula-
te the surface settlement by Model No 1, the deformation moduli had to be dra-
matically reduced (3-5 times) and thus the back-analyzed parameters conside-
rably differ from the rock properties according to the site investigation (e.g.
40 MPa instead of 200 MPa for unweathered shale). Thus, these parameters do
not correspond to the characteristics of the rock mass according to the site inves-
tigation. Their applicability is limited to the particular problem of the adit and they
cannot be used for predicting the behaviour of the tunnel.

On the other hand, using the original rock properties, surface settiement clo-
se to the measured one was obtained by the path dependent model (Model No 2)
without any fitting procedure. This can be considered as a proof of the predicti-
ve capability of this model.

Another important aspect is the settlement distribution with depth, i.e. the tran-
sition of the ground movement from the opening to the surface. This is once aga-
in well simulated by the path dependent model, while the perfectly plastic mode!
did not cope with it. The convergence calculated by Model No 1 is considerably
larger than the measured one. This finding is of practical importance for the soil-
structure interaction problem under consideration. If the Observational Method is
applied for tunnel construction, the stability of the opening and the need of
strengthening of the temporary support is assessed according the magnitude of
the measured convergence. The convergence overestimated by Model No 1 is
not on the safe side. The same is valid for correlation between the convergence
and the surface settlement.
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HLAVNI NAPET( PRO PRIMARNI A SEKUNDARNI STAV NAPJATOSTI HORNINOVEHO MASIVU V OKOLI PRUZKUMNE &TOLY
Principal stresses for primary and secondary stress state of the rock mass surrounding the adit
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Pro drahové zavisly pruznoplasticky model byly pouzity zakladni pretvarné
a pevnostni parametry podle tabulky ¢. 1 a exponenty, které uréuji zpevnéni |at-
ky pfi ristu normalového napéti a jeji rozvolnéni pfi mobilizaci smykové pevnos-
i (obr. 7), byly stanoveny odbornym odhadem.

Tabulka . 3 Vstupni parametry drahové zavislého pruznoplastického
modelu (model ¢&. 2)

Material Ep Vo c' (PI E Een Ens Vi o, K, K, ks
Navétrala

biidlice 35 0,30 25 28 80 60 400 042 15 025 05 1,0
Zdrava

biidlice 200 0,26 30 30 400 150 600 042 20 0,10 0,5 1,0

Drahové zavisly model (model &. 2) dal na prvni pokus vyhovuijicl vysledky,
které jsou prezentovany na obr. 3 a 4. Poklesy stropu $toly a terénu Eini
3,6 cm/1,34 cm pfi sklonu poklesové kotliny 1/764, coz je velmi blizko k vysled-
kiim méfeni. Zakladni vstupni data v tabulce ¢. 3 jsou pfitom charakteristiky hor-
nin podie prizkumu, které jsou vystizné pro primarni, vyrubem nenarueny stav
napjatosti masivu. Vliv zmény napjatosti masivu v okoli §toly z primarniho stavu
na stav sekundarni zohledfiuje konstitutivni model, coz v pfedchozim pfipadé
(model &. 1) neni zabezpeceno.

4. ROZBOR VYSLEDKU ZPETNE ANALYZY

Vysledky zpétné analyzy realizované pomoci sblizovacich vypoétd jsou zna-
zomény na obr. 3, 4 a 6. Na obr. 3 jsou poklesy terénu vypoctené za pouziti
modelu ¢. 1 a ¢. 2 porovnany s vysledky méfeni. Lze konstatovat vyhovuijici sho-
du pro oba modely. To ukazuje, ze naméfené sedani nadloZi lze vypodist libo-
volnym konstitutivnim modelem, jsou-li parametry modelu pfizplsobeny pravé
témto vysledkim méfeni. To vak jesté neni dikazem prognézovaci schopnosti
modelu pro dané horninové prostredi.

Vice informaci dava obr. 4, kde je porovnan nejen pribéh vypoétenych svis-

Idealné pruznoplasticky konstitutivni model
(model €. 1)
Elastic-perfectly-plastic constitutice model
(model No 1)

12 MPa

Navétrala bfidlice
Partly weathered, jointed shale

40 MPa

Zdrava bfidlice
\Unweathered, jolnted shale

100 MPa

OBR. 6

The difference between the models can be clarified by stress path analysis as
shown in [8]. Stress paths describe the time sequence of siress states in parti-
cular points of the rock mass. The slress paths, which indicate if loading, unioa-
ding or their change occurs in some part of the structure, influence the deforma-
tional parameters of the rack mass and hence its deformational response due to
tunnelling. '

To illustrate that, the primary geostatic stress state and the secondary state of
the rock mass after excavation of the crown of the adit and installation of the tem-
porary support there are shown in Figs. 5a and 5b. One can see the large chan-
ges ad to the magnitude, ratio and direction of principal stresses caused by exca-
vation. Increase of the ratio of the maximum principal stress to the minimum one
indicates shear strength mobilization resulting in weakening of the rock mass
structure and reduction of its deformation modulus. Decrease of this ratio means
unloading resulting in stiffer deformational response, i.e. in higher deformation
modulus. Considerable decrease of both principal stresses indicates also stiffe-
ning, i.e. higher deformation moduli.

This is valid, however, for the case when structural changes of the material are
brought about by the loading process. If the stress level is so low that the stress-
strain relations during loading and unloading are identical, then the behaviour of
the material can be described by Hooke's law with a constant elastic modulus.

Rock properties increasing with depth found by site investigation and recom-
mended for Liberi Shale well correspond to the geostatic stress state characteri-
zed by stress components increasing with depth as well.

According to the idealization of the material made by the elastic-perfectly-plas-
tic (so called Mohr-Coulomb) constitutive mode (Model No 1), no structural chan-
ges occur up to failure when yielding of the material (increase of strain without
stress change) takes place. The behaviour of stiff materials with high strength,
where the stress change between the primary and secondary states does not
effect the deformational response, can be well simulated by such a model.
However, this is not the case of the critical cross section of the Mrazovka Tunnel
where heavily jointed shale was found and unexpectedly large settlement occur-
red due to excavation of the exploratory adit. Model No 1 cannot cope with such
conditions, and this is the reason why its application in the back analysis produ-
ces unrealistic parameters (see extremely low deformation moduli found for this
model in Figs. 4 and 6).

According to the idealization of the material made by the path dependent ela-
stoplastic constitutive model (Model No 2), structural changes can occur below
the failure surface and the influence of the stress level and stress paths is
accounted for via a variable stiffness approach (Fig. 7). The stress path effect

Drahové zavisly pruznoplasticky konstitutivni model
(model €. 2)
Path dependent elastoplastic constitutive model
(model No 2)
TECNE MODULY DEFORMACE [MPa]
TANGENT DEFORMATION MODULI [MPA]

0 40E+06
0.25E+06
0.18E+06
0.12E+06
0,90E+05
0,65E+05
040E+05
0,20E+05
0.14E+05
0,80E+04
0.32E+04

TECNE MORULY DEFORMACE HORNINOVEHO MASIVU PODLE ZPETNE ANALYZY MKP PRI POUZITI RUZNYCH KONSTITUTIVNICH MODELU

HORNINOVEHO MASIVU

Distribution of tangent deformation moduli according to back analysis using FEM with different rock mass constitutive models




—.—!—_H

4 8. ROCNIK, &. 1/99

Tunel

lych posunu s vysiedky méfeni, ale také pribéh pietvarného modulu a paramet-
ri smykové pevnosti podie priizkumu a podle zpétné analyzy. Tento obrazek
odhaluje hiavni rozdily mezi testovanymi konstitutivnimi modely. Modelem ¢&. 1 se
Ize priblizit k naméfenému sedani jen za cenu tii az pétindsobného snizen pre-
tvarného modulu, coZ znamend u zdravé bridlice pokles z 200 MPa az na
40 MPa. Tyto parametry nekoresponduiji s vysledky priizkumu a nejsou charak-
teristikami horninového masivu. Platf jen pro konkrétni pfipad Stoly a nelze je
pouZit pro progndzu chovani tunelu.

U modelu ¢. 2 jsou parametry podle zpétné analyzy totozné s parametry pod-
le prlzkumu (a to na prvni pokus, bez sblizovani), coz Ize povazovat za ditkaz
prognézovaci schopnosti tohoto modelu.

Dalsim dilezitym momentem je rozdéleni svislych posund s hloubkou, tj. spo-
lehlivost vypoctu konvergence vyrubu a jejiho pfenosu na povrch. Zde opét dava
model &. 2 vyhovuijici vysledky, zatimco konvergence vypoétend modelem &. 1 je
podstatné vétsi nez hodnota podle méfeni. JelikoZ pfi pouZiti observatni metody
je naméfena konvergence ukazatelem stability vyrubu a signdlem pro zesilenf
primarniho osténi, nejsou vysledky podle modelu ¢. 1 na bezpeéné strang. To
plati i pro korelaci poklesu vrcholu §toly a poklesu terénu.

Rozdilnou funkci modeld Ize nazomé vysvétlit analjzou drah napéti, kterd je
publikovana v €lanku [8]. Drahy napéti popisuji Gasovy sled stavi napjatosti
v jednotlivych bodech horninového masivu, coz ovliviiuje deformacni odezvu
(pfetvarné parametry) masivu pii razbé tunelu.

Pro ilustraci uvddime pivodni geostatickou napjatost horminového prostfedi
(primarni napjatost, obr. 5a) v okoli priizkumné toly a stav napjatosti po vylomu
a vystrojeni kaloty prizkumné $toly (sekundarni napjatost, obr. 5b). Jak je patr-
no, pfi pfechodu od primami k sekundérni napjatosti dochazi k redistribuci napé-
ti @ méni se velikost, pomér a smér hlavnich napéti. ProtaZen( elips znamena
odlehéeni ve smyku, tj. zpevnéni struktury. Vyrazné zmenseni a zkulaceni elips
je pfiznakem celkového odlehéeni jak ve smyku, tak normalovym napétim.
Nasledkem je zména tuhosti, tj. deformacni odezvy latky v dotéenych zénach.

Uvedené ovSem platf pro pfipad, kdy zatiZeni vyvola strukturni zmény materi-
alu. Je-li Groveri napéti tak nizkd, Ze jsou pracovni diagramy pii pfitizeni a odleh-
Ceni totozné, pak ke strukturnim zméndm nedochdazi a plati Hook(v zakon s kon-
stantnim modulem pruZnosti.

Mistni normové charakteristiky libenskych biidlic zjisténé prazkumem (tabulka
¢. 1) dobfe koresponduji s primarmim stavem napjatosti, kde se tvar elips nemé-
ni, ale jejich velikost roste tmérné s hloubkou.

IdedIné pruznoplasticky, tzv. Mohr-Coulombiv model (model &. 1) idealizuje
latku tak, Ze ke strukturnim zménam nedochazf az do okamziku porugeni, kdy
podle teorie plastického potencidlu nastane plastické teGeni (riist pietvofeni beze
zmény napéti). Model dobfe simuluje chovani pevnych latek pFi nizké drovni
napéti, kdy rozdil mezi primarni a sekundami napjatosti neovlivni deformaéni
odezvu masivu. To v8ak neni pfipad kritického Useku tunelu Mrézovka v km 4,85,
kde jsou liberiské bfidlice postizeny velkou hustotou diskontinuit a razba pri-
zkumné Stoly vyvolala varujici sedani nadlozi. Pro tyto podminky model &. 1
neplati a neredlny model vede k neredlnym parametrim (nizké pretvainé modu-
ly pro model &. 1 na obr. 4 a 6).

Drahové zavisly pruznoplasticky model idealizuje latku tak, Ze ke strukturnim
zméndm a tim ke zménam tednovych pfetvarnych parametrii dochézi jiz pred
dosazenim pevnosti latky v zavislosti na Grovni napéti a zménéach sméru drah
napéti v prabéhu pfitéZovani (obr. 7). Vliv drah je zavisly na rlistu nebo poklesu
stfedniho napéti a mobilizace smykové pevnosti. Pii dosazeni pevnosti latky
nastane plastické teCeni pfi pouZiti tzv. nesdruzeného zakona teeni, kdy se
plasticke pfetvoieni uréuje podie jiné plochy (plochy plastického potencialu), nez
je plocha plasticity, ktera je v daném pfipadé totoZzna s plochou pevnosti. Je to
nejjednodussi model, kterym Ize za jistych pfedpokladl aproximovat funkci
dokonalejsich konstitutivnich modell teorie plastického potencidlu s dvojitym
zpevnénim, a to je piicinou lepsich vysledk( modelu ¢. 2 pfi zpétné analyze pri-
zkumné Stoly.

Tento model zohledfiuje pfechod od primarni k sekundami napjatosti pfisius-
nou zménou pfetvarnych parametrd. Porovnanim pfetvarnych moduli na obr. 6
Ize zjistit, Ze zpétna analyza pfi pouziti modelu ¢. 1 produkuje nejniz& hodnoty,
které podle modelu €. 2 plati jen pro zény s vyssi mobilizaci smykové pevnosti.
Nad vyrubem a pod vyrubem, kde dochdzi k odlehéent, plati vy3si hodnoty modu-
0, které zabezpedi redlny vypodet konvergence vyrubu a rozdéleni posunt ve
svislém sméru. Tyto souvislosti jsou obzvlast dlleZité pfi aplikaci observadni
metody, kdy nasazeni jednotlivych technologickych a sanagnich opatfeni je
z4avislé na naméienych deformacich a jejich interpretaci.

5. ZAVERY

1. Na rozdil od zpétné analyzy, kde cilem byva ureni primérnych charakte-
ristik masivu pro dany konstitutivni model, pfedmétem této studie byl vybér vhod-
ného konstitutivniho modelu hominového masivu véetné jeho parametrii. Vybér

depends on the path direction changes due to increase or decrease of normal
stress and shear strength mobilization. At failure yielding occurs and the non-
associated flow rule is applied where the plastic potential surface used for com-
puting plastic strains differs from the yield surface. This is the simplest approach,
which infroducing some assumptions, allows to approximate some features of
the more advanced constitutive models of plastic potential theory with double
hardening and this is the reason for the better function of Model No 2 when it is
used for the back analysis of the measurement results.

This model accounts for stress changes by an adequate change of the tan-
gent deformation parameters. Comparing the tangent deformation moduli produ-
ced by the back analysis procedures using Model No 1 and No 2 (Fig. 6), one
can find that only the lowest moduli were found using Model No 1 which are valid
for the zones with higher shear strength mobilization according to Model No 2.
Above the opening and below it unloading occurs which results in much more
higher moduli. To predict realistic convergence and settlement distribution above
the opening, proper account for aspect is necessary. This is of particular impor-
tance for the proper application of the Observational Method where the decision
making regarding the temporary support depends on the measured deformations
and their interpretation.
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ZAKLADNI VZTAHY DRAHOVE ZAVISLEHO PRUZNOPLASTICKEHO
KONSTITUTIVNIHO MODELU MATERIALU (Et, vt — TECNE PRETVARNE
PARAMETRY, ococt, 1oct, toctlim — OKTAEDRICKE NORMALOVE NAPETI,
SMYKOVE NAPETI A JEHO MEZNI HODNOTA, 60 — ATMOSFERICKY TLAK,
vmax — MAXIMALNI POISSONUV SOUCINITEL, k1, k2, k3 — EXPONENTY
POPISUJICT VYSLEDKY STANDARDNI TRIAXIALNI ZKOUSKY, i0 -
POCATECNI HODNOTA MOBILIZACE SMYKOVE PEVNOSTI, § = Emin/Ep)
Fig. 7 Path dependent elastoplastic model with variable stiffness relations below
failure surface and nonassociative flow rule accounting for difatancy at failure (Ft,
vt — tangent deformation parameters, coct, Toct, toctlim — octahedral normal and
shear stress and its limit value according to Mohr-Coulomb failure hypothesis, ¢0
— atmospheric pressure, vmax — maximum Poisson ratio, k1, k2, k3 — exponents
describing the results of standard triaxial test, i0 — initial value of shear strength
mobilization, & - coefficient determiming Etmin)
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byl proveden na zékladé sbliZovacich vypottd k vysledkim méfeni a timto zpd-
sobem byl testovan idediné pruznoplasticky model s parametry zavislymi na
hloubce (varianta tzv. Mohr-Coulombova modelu) a drahové zavisly pruznoplas-
ticky model.

2. Studie ukazala, ze naméfené sedani nadloZi Ize vypodist libovolnym kon-
stitutivnim modelem pfi adekvatni dpravé parametrd. Rozdilné jsou viak vypo-
&tené konvergence vyrubu a hlavng zji§téné parametry. Pro idediné pruznoplas-
ticky model produkuji sblizovaci vypodty jen vypoctové parametry, které neko-
responduji s naméfenymi charakteristikami horninového masivu. To je zavazné
zjiténi a zaroven kritérium pro vybér modeld. Modely s nerealnymi parametry
plati jen pro konkrétni pfipad $toly a nelze je pouzit pro spolehlivou progndzu
konvergence vyrubu a poklesové kotliny vyvolané raZbou tunelu.

3. Studie dale ukazala, Ze ackoliv je vylom Stoly odlehcovaci proces, je seda-
ni nadloZi zavislé na modulu piitizeni, ktery se navic snizuje mobilizaci smykové
pevnosti. Konvergence vyrubu je naopak ovlivnéna modulem odlehCent, a proto
nelze oba tyto jevy vystizné modelovat tzv. Mohr-Coulombovym modelem, kde
pod plochou pevnosti plati jeden pfetvarny modul.

4, Drahové zavisly pruznoplasticky model dal vyhovujici vysledky jak pro
pokles terénu, tak pro konvergenci vyrubu pfi parametrech, které jsou charakte-
ristikami masivu podle prizkumu. Model zohledriuje viiv redistribuce napéti na
zménu pfetvarnych parametr(l, coz je minimalni pozadavek na konstitutivni
model, ma-li byt aplikovan pfi matematickém modelovani tak sloZitych interakg-
nich problémd, jakym je progndza vlivu razby na nadzemni zastavbu na kritickém
Useku tunelu Mrazovka.

5. Naroky na vhodnou volbu konstitutivniho modelu masivu a jeho parametrd
jsou obzvlast vysoké, je-li matematicky model pouZivan v interakci s observacni
metodou, kdy srovnani vysledkd vypocétii a méfent a jejich interpretace mize byt
pokladem pro zavazna rozhodnuti pfi vystavbé tunelu.
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5. CONCLUSIONS

1. Opposed to the usual back analysis procedures, where identification of
some average rock parameters is aimed at, the objective of this study was iden-
tification of a proper constitutive model including the parameters. The selection
was made using a trial and error back analysis procedure and two constitutive
models, the elastic-perfectly-plastic model with parameters increasing with depth
and the path dependent elastoplastic model were tested.

2. According to the study, a surface seltlement curve can be simulated by any
constitutive model, provided substantial changes of parameters are made. But
no settlement distribution with depth can be reproduced and the back analyzed
parameters differ from the rock characteristics according to the site investigation.
This is an important finding which can be used as a criterion for choice. Models
with unrealistic parameters are limited to the particular problem of the adit and
they cannot be recommended for predicting the convergence of the tunnel and
the settlement trough above it.

3. As demonstrated by the study, the surface settlement depends on a rather
low value of the loading modulus influenced by shear strength mobilization,
though excavation of underground openings used to be considered as an unloa-
ding process. On the other hand, the convergence of the opening is influenced
by the unloading modulus, and this is the reason why the so called Mohr-
Coulomb model with constant deformation moduli below failure surface fails to
simulate both features simultaneously.

4. Using the original rock properties, tunnel convergence and surface settle-
ment close to the measured ones was obtained by the path dependent elasto-
plastic constitutive model. The influence of the stress redistribution on the chan-
ge of deformation parameters is accounted for by this model and this can be con-
sidered as a minimum requirement to a constitutive model to be applied for sol-
ving so complicated interaction problems like the prediction of the effect of tun-
nelling on the above ground structures in the critical cross section of the
Mrazovka Tunnel.

5. A proper selection of rock mass constitutive models and their parameters is
of particular importance, if the numerical model is used in an interaction with the
Observational Method. This is because the measured deformations and their
interpretation can considerably influence the decision making concerning the
tunnel construction.
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VELKOPROFILOVE TUNELY U A. S. METROSTAV

LARGE PROFILE TUNNELS OF METROSTAV A. S.

ING. MIROSLAYV KOLECKAR, ING. VACLAV SOUKUP, METROSTAV A. S., DIVISION 5

uvobp

Po razbach vice nez stovky km tunell prazského metra o kruhovém vyrubnim
prifezu 5,5 m u tratovych tunelli a 8,80 m u stani¢nich profilti v minulych dvou
desetiletich je u podniku Metrostav a. s. vjznamny pfechod na vétsi vyrobni pri-
fezy silni€nich tuneld. Cilem ¢lanku je:

- fakiografické sezndmeni a porovnéni Strahovského tunelu, tunelu Hrebeé,
dvoukolejného tunelu metra a tunelu Mrazovka,

— upozornéni na problémy vystavby tunelu Mrazovka

— orientacni uvedeni vyhledli vystavby silniénich tuneld v Ceské republice do
r. 2010.
Pro omezeni rozsahu ¢lanku je v zavéru piispévku zafazen zakladni seznam

literatury, kde Ize o kazdé citované akei ziskat podrobnéjsf informace.
REALIZOVANE AKCE A TUNEL MRAZOVKA

Konec r. 1997 pfedstavoval ojedinély svatek pro deské tunelafstvi. V pribéhu
necelého mésice byla uvedena do provozu tfi vjznamna dopravni dila. Byly to
tunel Hfebe¢ dne 14. listopadu, tunel Brno-Pisarky dne 28. listopadu a
Strahovsky automobilovy tunel dne 3. prosince. V prlib&hu roku 1997 bylo
dokonceno definitivni osténi prvniho razeného dvoukolejného tunelu metra a byla
rovnéZ dokonéena razba prizkumné Stoly v zapadni troubé tunelu Mrazovka.

Autofi ¢lanku se rozhodli, Ze podaji zakladni informace formou schémat a
tabulek, které mohou urychlit vzajemné srovnani akci realizovanych
Metrostavem a. s. (u Strahovského tunelu v soudinnosti se svym subdodavate-
lem Vojenské stavby a. s.).

Pii realizaci akei byly zasadné pouzity dvé technologie a to prstencova meto-
da u Strahovského tunelu a nové rakouska tunelovaci metoda (NRTM) u akei
ostatnich. Rliznost geclogickych prostedi umoznila dodavateli, aby si ové&fil
vhodnost a efektivnost technologickych postupt a nasazeni mechanizace.

Rozsah akci se samoziejmé vyrazné lisil. Pokud bychom provedii porovnani
kubatur vyrubli v rostlém stavu a zahmuli do tohota srovnani i tunel Pisarky rea-
lizovany Subterrou a. s., dostaneme celkovou hodnotu vyrubli tunelil dokonge-
nych v r. 1977 545 800 m®. Z toho &ini Strahovsky tunel 72,73 %, Hiebet 9,66 %,
dvoukolejny tunel 7,55 %, Brno-Pisarky 10,06 % (dva dvoupruhové tunely o dél-
kdch 286 m a 295 m o vyrubnim prafezu 94,5 m?).

Hlavni parametry vybranych tunelli jsou uvedeny na pfiloZzenych obrazcich k
tomuto Clanku véetné uvedeni diléich fazi technologického postupu razeb.
Zakladnim problémem realizace velkoprofilového tunelu je volba technologie (stft
¢i razici stroj, NRTM ap.). U dopravnich tuneld Ize ovlivnit polohu dila a geolo-
gické pomery jen nepatrné. Tim se problemalika dopravnich tunelli vyrazné lisi
napf. od kaveren pfecerpavacich elektraren &i Ulozist medii nebo odpadu, kde
muzeme vhodné geologické poméry, vysku nadloZi i velikost pfiéného fezu dila
vybirat, respektive vyrazné ovlivnit.

S ohledem na délky tunelt v Ceské republice nenf zatim rediné uvazovat s
nakupem plnoprofilového raziciho stroje, protoze ceny takového zafizeni dosa-
huji hodnot 700 milionli K¢ a vice. Proto Ize NRTM a jeji samostatné uplatiiova-
né prvky povazovat za zékladni metodu ¢eského tunelafstvi pro velkoprofilové
vyrubni priifezy.

Clenéni Selby vyrubu v pfiném a podéiném sméru je u NRTM jednim ze
zakladnich prvkd navrhu technologického postupu a to jak pro projektanta, tak
zejména pro dodavatele stavby. Toto ¢lenéni musi vychazet z podminek projek-
tu (pfiny fez, pfipustné hodnoty deformaci na povrchu), moznosti dodavatele
(strojni vybaveni, zkuSenosti z obdobnych akei) a zejména geologickych pomérii
pfislusné lokality.

Porovnani pfiéného ¢lenéni realizovanych akei a pfipravovanych raZeb tunelu
Mrazovka (tfipruhovy tunel) je uvedeno v samostatné tabulce ¢. 1, ve které je
porovnano 5 fazi diltiho vyrubu a v % vyjadfeno k celkovému vyrubnimu prife-

INTRODUCTION

After having driven more than one hundred km of Prague Metro tunnels, with
a circular cross section of 5.5 m as to track tunnels and of 8.80 m as to station
profiles during the past twenty years, the company Metrostav a. s. changes over
to larger cross sections of road tunnels. The aim of this article resides in
— a factographical information and comparison of the Strahov tunnel, Hrebed
tunnel, double-track Metro tunnel and tunnel Mrézovka,
— drawing attention to problems of the Mrazovka tunnel construction,
— orfentation prospect for constructing road tunnels in the Czech Republic till the
year 2010.
To limit the extent of this article, there is mentioned the basic bibliography,
where a more detailed information about each cited action may be found.

REALIZED ACTIONS AND THE MRAZOVKA TUNNEL

The end of the year 1997 represented a unique celebration for the Czech tun-
nelling industry. In the course of an incomplete month there were put into opera-
tion three important transport projects. It was the Hiebeé tunnel on November 14,
the tunnel Brno-Pisarky on November 28, and the Strahov road tunnel on
December 8. In the course of the year 1997 there was completed the final lining
of the first double-track Metro tunnel, and the driving of the exploratory gallery in
the western tube of the Mrédzovka tunnel was completed as well.

The authors of this article decided to provide basic information by means of
diagrams and tables which may accelerate mutual comparison of actions carried
out by Metrostav a. s. (as to the Strahov tunnel in cooperation with its subcon-
tractor Vojenské stavby a. s.).

When realizing its actions, two techniques were applied, viz. the ring method
for the Strahov tunnel, and the New Austrian Tunnelling Method (NATM) for other
actions. Various geological conditions made it possible to the supplier to verify
the suitability and efficiency of construction methods and application of equip-
ment.

The scope of actions differed, of course, considerably. If the excavation volu-
mes in natural state are compared, and even the tunnel Pisérky, carried out by
the firm Subterra, a. s., is comprised, the total excavation volume of tunnels com-
pleted in the year 1997 would amount to 545 800 mé. The Strahov tunnel repre-
sents 72.73 % of them, Hiebec 9.66 %, the double-track tunnel 7.55 %, Brno-
Pisdrky 10.06 % (two double-lane tunnels being 286 m and 295 m long, of the
excavated cross section 94.5 m?).

Main parameters of selected tunnels are mentioned on figures enclosed to this
article, including mentioning partial phases of the excavation. The main realiza-
tion problem of a large profile tunnel resides in selecting the technique (a shield
or a driving machine, NATM, and the like). As fo transport tunnels, the position
of the work and geological conditions can be affected in a very small extent only,
That is why the problems of transport tunnels differ considerably e.g. from
caverns of pumped storage planis or storing spaces for media or waste. In latter
cases it is possible to select eventually to affect considerably geological conditi-
ons, the overburden depth as well as the size of the cross section of the exca-
vation.

With respect to tunnel lengths in the Czech Republic, it is not real to take in
consideration a purchase of a full-face boring machine, because prices of such
an equipment represent the value of about 700 milion CZK and more. That is why
NATM and its independently applied elements can be considered as the basic
method of the Czech tunnelling industry for large-profile excavation cross secti-
ons.

The horizontal and vertical sequencies of excavation is one of the basic ele-
ments of the draft of the technological process, both for the designer, and parti-
cularly for the contractor. Said excavation sequence must result from condlitions
of the design (cross section, allowed values on the surface settlement), contrac-
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zu. Piitom Ize konstatovat, ze u Strahovského tunelu a tunelu Hiebe¢ bylo zvo-
leno svislé &lenéni Celby, které je vhodné zejména pro horniny s niz§imi pev-
nostnimi parametry pod patou klenby. U dvoukolejného tunelu bylo pouZito vodo-
rovné Elenéni, které je u silnicnich tuneld b&zné a umoziuje uplatnéni velké
mechanizace.

U tunelu Mrazovka je v tabulce uvazovano vodorovné ¢lenéni, hodnoty jsou
vzaty z ¢asti trasy mimo prostor pod zastavbou,kde budou pfedem provedena
ku.

ZéKladni tunelové mechanismy pouZité u jiz dokonéenych akci nebo pedpo-
kladane pro vystavbu tunelu Mrazovka jsou uvedeny vzdy v samostatné tabulce
pfislusného tunelu. Pfitom jako dostatecny prostor pro uplatnéni velké mechani-
zace v piistropi tunelu pfi vodorovném ¢lenéni vyrubu je nutno uvazovat vy$ku
ve vrcholu klenby 5,5-6,0 m.

Konkrétni Uplné strojni sestavy pro provadéni tunelt Hiebe¢ a dvoukolejného
tunelu novou rakouskou tunelovaci metodou jsou:

STROJNi SESTAVA PRO TUNEL HREBEC

Rozpojovani — bez pouZiti trhaci prace (70 % objemu)
stroje JCB 3CX se sbijecim kladivem 2 ks
— s pouzitim trhaci prace + kotveni

vriaci viiz SECOMA 1ks
Nakladani — stroje JCB 3CX a pasovy naklada¢

CAT 962 1 ks
Odtézeni — nakladni automobily TATRA 815 2 ks
Stfikany beton (sucha cesta) — stroje ALIVA 262 a ALIVA 285 3 ks
Vyroba stfikaného betonu  — michaci centra MTS 2ks
Vyroba vyztuze — BRETEX, vlastni vyvoj Metrostavu — divize 5
Betonaz definitivniho osténi  — bednici formy 4 ks

— pfestavba pouzitych vozl
zakoupenych od firmy MARTI holding 1ks

STROJNi SESTAVA PRO DVOUKOLEJNY TUNEL

Rozpojovani — bez pouZiti trhavin (60 % objemu)
- tunelbagr Liebherr R 912 1 ks
— pii pouZiti trhaci prace a kotveni — vrtaci
viiz ATLAS COPCO BOOMER 352 1ks
Nakladani — pasovy naklada¢ CAT 953 B 2 ks
Odtézeni ~ nakladni automobily TATRA 815 3ks
Vyroba stfikaného betonu  — michaci centrum ORU-MARTE 1 ks
Vyroba vyztuze — BRETEX, vlastni vyvoj
Metrostavu - divize 5
Betonaz definitivniho osténi  — bednici vliz, viastni vyvoj — 70 % objemu 1 ks
— posuvné bednéni ALPI, vlastni
navrh - 5 % objemu 1 ks
Stiikany beton (mokra cesta) — Cerpadio na beton a manipulétor
ALIVA — 25 % objemu 1 ks

Pficny fez v km 14,840
Cross section in km 14.840

tor's capacity (equipments, experience from analogous actions) and especially
geological conditions of the respective locality.

The comparison of the cross section sequences used at performed actions
and prepared for driving of the Mrdzovka tunnel (three-lane tunnel) is mentioned
in a separate table No. 1, where 5 phases of the partial stope are compared and
expressed in per cent with respect to the total excavated cross section. It can be
stated that for the Strahov tunnel and the Hfebe¢ tunnel there was selected a
vertical division of face which is suitable especially for rocks of lower strength
parameters under the vault footing. For the double-track tunnel there was appli-
ed a horizontal excavation sequence which is usual for road tunnels and which
makes it possible for large-size equipment to be applied.

As lto the Mrazovka tunnel, a horizontal excavation sequence is taken into
account, values are taken from a route part outside the space under the housing
area where special measures shall be taken in advance. More detailed informa-
tion concerning this problem can be found in the next part of the article.

Basic tunnel equipment applied for already completed actions or planned for
the Mrazovka tunnel construction are mentioned in the separate table of the res-
pective tunnel. A space for utilization of large-size equipment near the tunnel cei-
ling, at a horizontal excavation sequence there must be taken into consideration
the elevation of the vault top, viz. 5.5 t0 6.0 m.

The particular complete sets of equipment for building the Hfebe¢ tunnel and
the double-track tunnel by means of the New Austrian Tunnelling Method are as
follows:

EQUIPMENT SET FOR THE HREBEC TUNNEL:

Disintegration — without blasting

(70 % of the volume)

JBC 3CX with the pneumatic pick 2 pes

— with blasting + anchoring SECOMA

drilling rig 1pc
Loading — JCB 3CX and CAT 962 crawler loader 1 pc
Mucking — TATRA 815 lorries 2 pes
Shotcrete (dry method) — ALIVA 262 and ALIVA 285 sprayers 3 pes
Production of shotcrete — MTS mixing centres 2 pes
Production of reinforcement — BRETEX, own development

of Metrostav — Division 5
Concreting of final lining - formwork 4pcs

— reconstruction of used form travellers
purchased from the firm MARTI Holding 1 pc

EQUIPMENT SET FOR THE DOUBLE-TRACK TUNNEL:

Disintegration — without blasting
(60 % of the volume) — Liebherr R 912
tunel excavator 1 pc
— with blasting — ATLAS COPCO
BOOMER 352 drilling jumbo 1pc
Loading — CAT 953 B crawler loaders 2 pes

ZOUBKOVA

g.p. 1213

U SANTOSKY

&.p. 1093

3-pruh. Vychodni tunel
3-lane. East tunnel

Obr. 1
Pfiény ez tunely Mrézovka v prostoru Ostrovského ulice
Cross section of tunnels Mrazovka in the area of Ostrovsky Street

Bfidlice navétrala
A little weathered shales

Liberiské vrstvy
Liberi layers

3-pruh. Zapadni tunel
3. lane. West tunnel
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SILNICNI TUNEL HREBEC - Silnice 1135
HREBEC ROAD TUNNEL - Road 1/35
PRICNY REZ
CROSS SECTION

—
£
+ 0.00
A% | - L
STHNRTR TR
15.75m

ZAKLADNI POSTUP VYSTAVBY
BASIC EXCAVATION SEQUENCE

3.75

20

Provoz 14. 11. 97
Operation on November 14, 1997

Délka tunelu

Tunnel length

Tunel

Tripruhovy tunel
Three-lane tunnel

celkem 3545 m
razeno 275 m
fotal 354.5 m
driven 275 m

Obdobi vystavby
Obdobi razby

6. 199411, 1997
7.1994-7. 1996

Construction period June 1994 — November 1997
Driving period July 1994 — July 1996
Vyska nadlozi 5-16,5m
(z toho skalni) (013 m)
Overburden depth 510 16.5m
{of it rock cover) (0to 13m)
Geologické poméry pevnost v prostém tlaku (MPa)
sladkovodni cenomen — jilovce 2-5
mof'sky cenomen — piskovce 15-20
spodnf turon — slinovee (opuky) 60-100

kvarter — deluvialni hliny
Geological conditions

compressive strength (MPa)

fresh-water cenomenon — claystones 2105
marine cenomenon — sandstones 15 t0 20
lower turon — sintered clays (arenaceous marls) 60 to 100
quarter — deluvial soils

Spad uneld 63%
Tunnel slope 6.3 %
Plocha vyrubu 150-161 m?
Excavation area 150 to 161 m?*
Celkovy obestavény prostor 52700 m*
Total wall-in space 52 700 m°

Pouzita tunelovaci metoda
Applied tunnelling method

nova rakouska tunelovaci metoda
New Austrian Tunnelling Method

Hlavni tunelovaci mechanizmy

naklada¢ JCB 3CX — 2x, pasovy naklada¢ CATERPILAR 962,
sliikaci soprava ALIVA 285, kotevni ploSina KTR - M2

Main tunnelling equipment

loader JCB 3CX — twice crawler, loader CATERPILAR 962,
sprayer ALIVA 285, anchoring platform KTR-M2

Deformace povrchu
Surface deformation

22-68 mm
22 to 68 mm

DVOUKOLEJNY TUNEL METRA ~ TRASA IV. B
Mezi stanicemi Rajska zahrada - Hloubétin
DOUBLE-TRACK METRO TUNNEL - LINEIV. B
Between stations Rajska Zahrada—-Hloubétin

PRICNY REZ
Stfikany beton CROSS SECTION .

Shoferald

lzolace
Insulation

Monolilické
ostEni——
Monolithic
fining

Vyska vyrubu  ~ 7660

Sitka wyruby _~ 11200 ¥
Excavation width

ZAKLADNI POSTUP VYSTAVBY
BASIC EXCAVATION SEQUENCE

a

Operation on November 8,

Excavation height

7660
6200

Provoz 8. 11. 98

1998

Délka tunelu
Tunnel length

Dvoukolejny tunel

Two-lane tunnel

celkem 703 m
total 703 m

Obdobi vystavby
Obdobi razby

6. 1995-11. 1998
7.1995-11. 1996

Construction period June 1995 till November 1998
Driving period July 1995 till November 1996
Vyska nadlozi 6-26m
Overburden depth 6to26m
Geologické poméry pevnost v prostém tlaku (MPa)
dobrotivské vrstvy (biidlice) 10-20
libefiské vrstvy (bfidlice) 10-20
fevnické vrstvy (kfemence) 110-200
Geological conditions compressive strength (MPa)
Dobrotivy layers (slates) 10to 20
Liberi layers (slates) 10to 20
Revnice layers (quartzites) 110 to 200
Spéad tuneld 38 %
Tunnel gradient 38 %
Plocha vyrubu 58,7 m
Excavation area 58.7 mt
Celkovy obestavény prostor 41200 m?®
Total wall-in space 41200 m?

PouZita tunelovaci metoda
Applied tunnelling method

nova rakouska tunelovaci metoda
New Austrian Tunnelling Method

Hlavni tunelovaci mechanizmy

vrtaci viiz Atlas COPCO Boomer 352, pasovy naklada¢ CAT 953 B,

tunel bagr Liebherr R 912
Main tunnelling equipment

drilling rig Atlas COPCO Boomer 352, crawler loader CAT 953 B,

tunnel excavator Liebherr R 912

Deformace povrchu
Surface deformation

10-565 mm
10 to 55 mm
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lunel

STRAHOVSKY AUTOMOBILOVY TUNEL - Mastsky okruh Praha  Provoz 3. 12. 97
Operation on December 3, 1997

STRAHOV ROAD TUNNEL - City ring road Prague

PRICNY REZ T
CROSS SECTION yuslky p;‘;gfcg
Ventilation outlets Kapsy pro svorniky g?e?;%\lracgur;fml Kenba
Frogs for rock bolts .
/- Vnéjsi izolaéni natér
i /.Exmma.r insufation coating
andl Vypliiova a tésnici injektdz
éisl\? e . / Back and sealing grouting
2 Vent duct for N L i
L fresh air | e Vétraci kanal
— = pro zachranafské cely
E yase Vent ductl _for rescue
) . . purposesting
]
=
H B
3 154 Splaskova kanalizace
; / Sawerage
Mont, f,p°d”' b T Drenaz pro odvadndn stavenisis
[ololh; ’"“T | Constr %r'fe drainag
232.3 500 L 500 232,2 E
A " L !
14.84m 1
ZAKLADNI POSTUP VYSTAVBY
BASIC EXCAVATION SEQUENCE 0SALOT  OSAZIT  OSAPOT
0SALOT 0SAZTT 0SA POT 1aA AuE IWJ'_AU‘ RAA AXIS

LAAAXIS  WIT AXIS RAA AXIS
H I

1/ stoly !
2/ opéry |
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)
mfn_j

4/ jadro

5/ spodni klenba
4/ Core

5/ Invert

5040

=
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| e
o] sop0 | ssn t5go}_soo0 | saco |
0SALOT QOSAZTT 0SA POT 0SALOT 08A ZTT QSA POT
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2 dvoupruhové tunely
2 two-lane tunnels

Délka tunelu z&padni 1 566 m
(raZend &ast) vychodni 1 544 m
Tunnel length west 1566 m
(driven part) east 1544 m
Obdobi vystavby 1985-1997
Obdobi razby 1985-1992
Construction period 1985-1997
Driving period 1985-1992
Vyska nadlozf 12-79 m
{z loho skalni} (9-76 m)
Overburden depth 12t0 79 m
(of it rock cover) (9to 76 m)
Geologické poméry pevnost v prostém tlaku (MPa)
bohdalecké vrstvy (biidlice) 6-10
dobrotivské vrtvy (bfidlice) 4-6
vinické vrstvy (bidlice) 4-6
skalecké vrstvy (kfemence) 150-300
Geological conditions compressive strength (MPa)
Bohdalec layers (slates) 6lo 10
Dobrotivy layers (slates) 4106
Vinice layers (slates) 4106
Skalsko layers (quarizites) 150 to 300
Spéad tuneld 32%
Tunnel slope 32%
Plocha vyrubu 125 m?
Excavation area 125 m?
Celkovy obestavény prostor

(razby) 52 700 m*
Total wall-in space

(of the driving) 397 000 m*

PouZita tunelovaci metoda
Applied tunnelling method

prstencova a modifikovana jadrova metoda
ring method and modified core method

Hlavni tunelovaci mechanizmy

naklada¢ JCB 3CX — 2x, polodtit (& 12,1 m, dl. 7,2 m); rypadio Broyt X21,
nemechanizované &tity — @ 4,54 m typ Prievidza (ve $tolach), ukladace osténi
Main tunnelling mechanisms

3/ horni ¢és! . semi-shield (dia 12.1 m, length 7.2 m), excavator Broyt 21,
profilu 2; gfi,ﬂﬁjiy i non-mechanized shields — dia 4.54 m lype Prievidza (in galleries), segment erectors
3y %,
pper part ! 7, Deformace povrchu 18-81mm
of the profile [ N
| 2 =5 Surface deformation 1810 81 mm
: [ awae | Tasss |
1500, 5000 | 6000 L Hfigl_-:@_:n ! 5000
Legend: WTT — western tunnel tube; LAA/RAA - leftright abutment adit
TUNELY MRAZOVKA - Méstsky okruh Praha Provoz orientaéné 2002-2003 2 tfipruhové tunel
y p y

MRAZOVKA TUNNELS - City ring road Prague

Osyétlgni Priizkumna Stola
prim. osténi Lighting ~, / Exploratory gallery

svomik HUS
ocel. rimy Bretlex

ctfikary baton Venlilace

/ Ventilation

Primary
lining

Rock bolls HUS
Sleel ribs Brelex
Sholcrele

Dopravni pmsTdIl | Traffic space Traffic signs

3 dopagend pruby
3 traffic fanes, wodih:3 x 3.5 m, hight 48 m
HVELLTA

12.3m

e

Dopravni znaceni }

— Odvodnéni vozovky

: < N "~ Draining of the
— T i Y roadway
sekund. osténi ' A \ -
#elezavy beton AT8m Kalektor Kabelovy zlab
Secondary lining e . Uhility ciust — — Cable channel

Reinforced concrele

Operation (estimate) 2002 till 2003

2 three-lane tunnels

Délka tunelu
(razena &ast)

zapadni 1 007 m Excavation area
vychodni 838 m

three-lane lunnel 159 n¥
double-lane tunnel 107 m¥

Tunnel length west 1007 m
(driven part) east838m  Celkovy obestavény prostor 352 000 m’
Tolal wafl-in space 352 000 m’
Obdobi vystavby 1998-2003
Obdobi razby 1998-2001 PouZit tunelovaci metoda
Construction period 1998-2003  nova rakouska tunelovaci metoda s ¢lenénym
Driving period 1998-2001 vyrubem, sanace nadloz
Applied tunnelling method
Vyska nadloZi 5-34m New Austrian Tunnelling Method with a divided
(z toho skalni) (3-30 m) face, improvement of overburden
Overburden depth 5t034m
(of it rock cover) (31030 m) Hlavni tunelovaci mechanizmy

vrlaci vozy Allas COPCO Boomer 352
pevnost v prostém pasové naklada¢ CAT 953 B a Liebher 641
llaku (MPa) tunel bagr Liebherr R 912 a Liebher A 932

Geologické poméry

jilovité biidiice — libenské vrsivy 5-15 Main tunnelfing equipment
lelenské vrstvy (bridlice) 30-50 drilling rigs Atlas COPCO Boomer 352,
fevnické vrstvy (kfemence) 150-220 crawler foaders CAT 953 B and Liebherr 641,

Geological condilions compressive tunnel excavators Liebherr R 912

strength (MPa)  and Liebherr R 932

slates — Liben layers 510 15
Lelné layer (slales) 301050  Deformace povichu (pfedpoklad) 60 mm
FRevnice layers (quarizites) 150 t0 220 Surface deformation (assumption) 60 mm
Spad lunel 0,75-4,25 %
Tunnel slope 07510425%
Plocha vyrubu tfipruhovy tunel 159 m?

dvoupruhovy lunel 107 m?
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Tunel

PROBLEMY VYSTAVBY TUNELU MRAZOVKA

Pfi vystavbé razenych stanic prazského metra v uplynulych dvou desetiletich
byly podrobné sledovany a vyhodnocovany disledky razeb na deformace povr-
chu terénu. RaZené stanice byly pfevazné situovany mimo zastavbu vyssich
pozemnich objektl pfi minimalnim skalnim nadloZi 10 m (stanice Mlstek a sta-
nice Staroméstska trasy A prazského metra) a minimalnim celkovém nadlozi az
k povrchu terénu 23 m (stanice Staroméstska). Celkova Sitka vyrubu ffilodni sta-
nice s pilifi mezi profily dosahovala 29,50 m, naméfené vysledné deformace na
povrchu byly 20 az 120 mm pfi Sifce poklesovych zén 75 az 150 m. Tunely byly
budovany prstencovou metodou s poZadavkem na provedeni okamzité vyplriové
a tésnici ijektaze k aktivaci tunelového osténi.

Dopravni fe$eni méstského okruhu v Useku RAST (Radlicka~Strahovsky
tunel) piineslo slozity problém realizace dvou tfipruhovych tunell pod zastavbou
pfi malém tunelovém nadlozi (viz obr. 1). Tunely o vyrubnich prifezech 159 m?
pfi Sitkach vyrubu 15,80 m a vy$ce 12,30 m podchazi v prostoru Prahy 5 pod
Ostrovského ulici 90 let starou obytnou z&stavbu tvofenou 4 az 5 podlaznimi
cihelnymi objekty. Mocnost zvétralého a rozloZzeného nadlozi sestavajicich z bfid-
lic ordovického stafi (liberiské vrstvy) pfitom dosahuje hodnoty u zapadniho tune-
lu cca 9 m, u vychodniho tunelu 10,4 m, celkové nadlozi pod zaklady domil pak
hodnot 12,3 m u zapadniho a 11,9 m u vychodniho tunelu. Horninovy pilif mezi
obéma tunely je 16 m. V klenbé zapadniho tunelu byla v roce 1997 vyraZena pri-
zkumnd $tola o vyrubnim prifezu 11,5 m?, jejimz vyhodnocenim byly ziskany
geotechnické parametry nutné pro navrh tunelt a (daje a zkudenosti pro tech-
nologii razeb.

Dokongena pasportizace zastavby a vyprojektovany navrh &asteéného zesile-
ni domtl pied razbami pozaduje provést razby tak, aby absolutni deformace nad
tunelem nepiesahla hodnotu 60 mm a skion deformaéni viny v podélném a pfic-
ném fezu byl maximalné v rozmezi 1 : 600 az 1 : 800. To odpovidé pozadavkim
CSN 73 1001 Zéakladova pida pod plognymi zaklady, die &lanki 127, 128 a
tabulce 19 — mezni hodnoty sednuti.

V Ceském i svétovém tunelafstvi jde o mimofadny piipad, ktery bude jisté
pfedmétem fady ¢lankd a hodnoceni. Projektantem tunelového feseni je firma
SATRA (hlavni inZenyr Ing. Dvofdk, tunely Ing. Némecek), generalnim projek-
tantem a autorem dopravniho fedeni firma PUDIS Praha (hlavni inzenyr
Ing. Krasny).

V1. 1997 az 1998 byly provedeny rozséhlé srovnavaci studie moznych variant
technologie vystavby tunell a vypodty deformaci véetné expertnich posouzeni.
Pfi realizaci projektu bude uplatnéna observaéni metoda véetné rozsahlych
méreni v podzemi, uvnitf horninového masivu i na objektech povrchové zastav-
by a bude operativné provadéna jejich zpétna analyza s bezprostfednimi tpra-
vami technologie provadéni.

V Useku pod zastavbou se poéita s fadou opatieni sméfujicich k maximalnimu
omezeni deformaci. Podita se s predstihovymi sanaénimi injektazemi horninové-
ho nadlozi z prizkumné Stoly. Vlastni $tola bude pred éelbou razeného tunelu
vyztuzena. NadloZi kaloty bude po obvodé v podélném sméru v uvedeném Use-
ku zpeviovano injektovanymi ocelovymi trubkami pfi €lenéni vyrubniho prifezu
tak, aby postupné zisk&dvana tuhost primarniho osténi ze systému stiikaného
betonu a kotev umozniovala piné pienaset rediné narlistajici zatizeni na lici vyru-
bu. S ohledem na zamér omezit deformace povrchu se zastavbou na maximum
nebude tedy v tomto Useku vyuZzivana moZznost NRTM fizenou deformaci aktivo-
vat nosnost horninové obalky. Navic budou v prostoru Ostrovského ulice pfipra-
veny pfedem Sachty a vrty pro uplatnéni tzv. kompenzaéni injektaze podloZi
objektl, které by pfi stupfiovaném tlakovani injektovanym mediem mély zamezit
¢i podstatné omezit proces sedani.

VYHLED VYSTAVBY SILNICNICH TUNELU

Pro rozvoj tunelarskych technologii, nkup specializovanych zafizeni a dlou-
hodobou pfipravu jsou podstatné Udaje o zamérech investor(l na vystavbu sil-
niénich tuneld. V tabulce &. 2 je zahrmut pravdépodobny rozsah vystavby silnié-
nich tuneld v Praze a na dalniéni siti Ceské republiky v ¢asovém horizontu do
roku 2010. Tabulka neuvadi rozli$eni na dvou a tfipruhové tunely, které neni
dosud jednoznacné. Délky tunelll pfedstavuji hodnoty razenych Gseki, obdobi
realizace je orientacni a skute¢nost bude zaviset na ekonomickych moznostech
nadeho statu a na Uspésnosti investorské pripravy.

Pfiprava vystavby silni€nich tunell byva zdrzovana uplathovanim majetko-
vych prav a nutnosti respektovani poZadavkd na ochranu Zivotniho prostiedi.
Souctové hodnoty pro 12 tunelll v Praze o délce 17 045 m a 14 tuneldl na dalni-
cich a rychlostnich komunikaci o délce 8 525 m, dava celkovou hodnotu pfes
25 km razenych dvou nebo tfipruhovych tunelil.

ZAVER .

Lze konstatovat, Ze dokoncéenim tunell v obci Hiebeg, Strahovského tunelu a
dvoukolejného tunelu metra ziskal Metrostav a. s. ~ divize 5 dostatek zkugenos-
ti zejména s uplatnénim nové rakouské tunelovaci metody. V Cervenci 1998
navic obdrzel Metrostav a. s. certifikdt systému jakosti dle 1ISO 9002 na prova-

Mucking — TATRA 815 lorries 3 pes
Production of shotcrete — ORU-MARTE mixing centres 1 pcs
Production of reinforcement — BRETEX, own development

of Metrostav — Division 5

Concreting of final lining — tunnel form traveller, own development,
70 % of volume 1 pcs
— sliding forms ALPI, own design —5 %
of volume 1pc
Shotcrete (wet method) ~ concrete pump and handling device

ALIVA manipulator — 25 % of volume 1pc

CONSTRUCTION PROBLEMS OF THE MRAZOVKA TUNNEL

During the construction of driven stations of the Prague Metro in passed twen-
ty years, there were monitored and evaluated impacts of excavations to the
ground surface deformations. Driven stations were mostly located outside the
area of higher surface structures where the minimum rock cover is 10 m (the
Mdstek station and the Staroméstskd station of the Prague Metro line A) and the
minimum total overburden up to the surface is 23 m (Staroméstska station). The
total excavation width of the three-bay station with pillars between profiles achi-
eved 29.50 m, measured resulting deformation on the surface represented 20 up
to 120 mm, at the width of seltled zones amounting to 75 to 150 m. The tunnel
construction was carried out by means of a ring method with the requirement of
the immediate activation by means of a back grouting an sealing one. In this way
a considerable weight part of the rock cover is distributed to the tunnel lining.

The traffic solution of the city ringroad in the section RAST (Radlicka
Street-Strahov tunnel) represented a complicated problem, viz. to realize two
three-lane tunnels under the surface housing at a shallow tunnel rock cover (see
Fig. No. 1). Tunnels, having excavated cross sections 159 m?, of the excavation
width 15.80 m and height 12.30 m, are located in the area of Prague 5 under
Ostrovsky Streel, where 90 years old surface housing, represented by 4 to 5 flo-
or brick buildings, takes place. The thickness of weathered and decomposed
overburden consisting of Ordovician slates (Liberi layers) achieves about 9 m
over the western tunnel and 10.4 m over the eastern tunnel. The total overbur-
den thickness under foundations of buildings is 12.3 m as to the western tunnel
and 11.9 m as to the eastern tunnel. The rock pillar between both tunnels is 16 m
wide. An exploratory gallery of the excavated cross section 11.5 n?, by the inter-
pretation of which there were obtained geotechnical parameters needed for
designing tunnels as well as data and experience for the driving technique was
driven in the top heading of the western tunnel in the year 1997.

The completed inventory of the housing and the proposed design of a partial
strengthening of houses before starting driving operations requires for them to be
performed in such a way that the absolute deformation over the tunnel may not
cross the value of 60 mm and the gradient of the deformation wave in the longi-
tudinal and cross section may be max. within the range 1 : 600 to 1 : 800. It cor-
responds with requirements both of the standard CSN 73 1001 Foundation
ground under flat foundations, pursuant to articles 127, 128, and of the Table 19
— limit values of settlement.

Said case is an extraordinary one in the Czech and world tunnelling practice,
and it will be surely a subject of many articles and evaluations. The firm SATRA
(Ing. Dvorak — head engineer, Ing. Néemecek — tunnels) is the designer of the tun-
nel solution, the firm PUDIS Praha (ing. Krdsny — head engineer) is the general
designer and the author of the traffic solution.

Tabulka €. 1
Table No. 1
SROVNANI CLENENI CELEB
Comparsion of dividing of tunnel faces
Vyrub. prifez . i
m Dilgi vyruby (faze) m? (%)
Akce Excavated Partial excavation sequences n? (%)
Project .
cross section
() 1 2 3 4 5
Strah. tunel 125 23(18,5) | 23 (18,5) | 47(37) | 20(16) 12 (10
Strahov tunnel
Hiebed 152 12 (16,5) | 25(16,5) | 35(23) |57(37,5) | 10(6.5)
Hrebeé
Dvouk. tunel 59 14 (23) 6 (10) 6 (10} 25 (43) 8 (13)
Double-track
tunnel
Mrazovka 159 11,5 (7,2) | 29 (18,3) | 25 (15,7) |67,5 (42,5)| 26 (16,3)
Mrézovka
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déni tunelafskych praci touto metodou. Zminéna metoda i jeji samostatné uplat-
fiované prvky najdou jisté Siroké uplatnéni u dalsich razenych objektl v Ceské
republice, jejichZ vystavba se do r. 2010 oéekava.
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pis Tunel &. 4/1995).
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Tabulka €. 2
Table No. 2
VYHLED RAZENYCH SILNICNICH TUNELU
Prospects of driven road tunnels
Misto Stavba Délka (m) | Obdobi realizace
Location Construction Length m | Realization year
Mréazovka — zap. tunel 1007 1998-2002
Mrazovka — western tunnel
Mrazovka — vych. tunel 838
Mrézovka - eastern tunnel
Specjhar — Pelc Tyrolka (Blanka) 2x 1970 2000~-2005
PRAHA .
PRAGUE Malovank% - Pr.asny most 2 x 600 2005-2007
(StieSovice)
Slivenec — Lahovice (Visfiovka) 2x 1250 2003-2006
Lahovice ~ Hodkovice (Cholupice) | 2 x 2 080 2003-2006
Radlice 2x 1700 2004-2007
Délnice D8 Lovosice — Rehlovice 160 1999-2002
st. 0805 (Prackovice) 140
Motorway D8
buitding site Lovosice — Rehlovice 380 1999-2002
0805 (Radejéin) 360
Trmice — stat. hranice 440 200-2003
Délnice D8 Trmice - state frontier
st. 0807 {Libouchec) 330
Motorway D8
building site Trmice - stat. hranice 1810 20002003
0807 Trmice - state frontier
(Panenska) 1795
Délnice D5 Jizni obchvat Plzné (Valik) 2 x 250 2000-2002
Motorway D5 Southern diversion of Pizefi (Valik)
Délnice D11 Chlumec nad Cidlinou - 2x225 2002-2004
Motorway D11 — Hradec Kréiové (Voleg)
R. kom. D47 Ostrava — Studénka 2x 1080 2002-2005
Speedway D47 (Klimkovice)
PRAHA 17 045
PRAGUE
CELKEM DALNICE 8525
TOTAL MOTORWAY
Soucet 25570 1998-2007
Sum

In the years 1997 and 1998 there were performed both extensive studies of
eventual variants of the tunnel construction technique, and deformation calcula-
tions, including expert's opinions. When realizing the structure, an observation
method shall be applied, including extensive measurements in the underground,
inside the rock massif and in structures of the surface housing, and their rever-
se analysis with immediate adaptations of the working technique shall be opera-
tively performed.

In the section under the surface housing there are taken into account many
measures aiming to max. limitation of deformations. Rescue grouting into the
rock cover from the exploratory gallery are planned too. The proper gallery shall
be reinforced before the excavation of the driven tunnel. The calote overburden
shall be strengthened along the circumference in the longitudinal direction within
the mentioned section by means of grouted pipes, when dividing the excavated
cross section in such a way that the primary lining, made of shotcrete and
anchors, getting rigid step by step, may make possible to distribute the really inc-
reasing load to the face of the excavation. With respect to the aim to limit surfa-
ce deformations of the housing area to minimum, there will be not utilized in this
section the possibility of the New Austrian Tunnelling Method, viz. to activate the
loading capacity of the rock envelope by a controlled deformation. Moreover, in
the space of Ostrovsky Street, there will be prepared in advance galleries and
bore holes for applying the so called compensation grouting into the subsurface
of structures which would stop or considerably limit the settlement process
during the increased pressure of the grouting medium.

PROSPECT FOR ROAD TUNNEL CONSTRUCTION

Data concerning investor's intentions as to road tunnel construction are very
important for developing tunnelling techniques, for purchasing specialized equ-
ipment and for a long time preparation. A probable extent of the road tunnel con-
struction in Prague and on the motorway network of the Czech Republic till the
year 2010 is mentioned in Table No. 2. The table does not distinguish two-lane
tunnels and three-lane ones, which facts are not decided finally. Tunnel lengths
represent values of driven sections. Realization periods are informative only and
the reality will depend upon economic possibilities of our state and upon the fact
how the investment preparation will be successful.

The preparation of the road tunnel construction is usually delayed by exerci-
sing property rights and by the necessity to respect environmental requirements.
Total values for 12 tunnels in Prague, the length of which should be 17 045 m,
and 14 tunnels on motorroads and speedroads, the length of which should be
8 525 m, represent the total value over 25 km of driven two-lane tunnels or three-
lane ones.

CONCLUSION

It can be stated that by completing the tunnels in the Hfebe¢ community, the
Strahov tunnel and the two-lane Metro tunnel, the firm Metrostay, a. s. —
Division 5, gained sufficient experience, particularly as to the application of the
New Austrian Tunnelling Method. More over, in July 1998, Metrostav, a. s., obta-
ined the Certificate of the Quality System according to ISO 9002 for performing
tunnelling works by means of said method. The mentioned method, as well as its
separately applied elements shall find a large application at further driven struc-
tures in the Czech Republic, the construction of which is expected till the year
2010.
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TUNEL SITINA - ENVINRONMENTALNE SUVISLOSTI NAVRHU
DIALNICNEHO TUNELA V BRATISLAVE

SITINA TUNNEL - ENVIRONMENTAL COHERENCE
OF THE MOTORWAY TUNNEL IN BRATISLAVA

ING. MILOSLAV FRANKOVSKY, TERRAPROJEKT, A. S., BRATISLAVA

Sucastou vedenia dialnice D2 Uzemim hlavného mesta Slovenskej republiky
Bratislavy bude i tunel Sitina, tvoreny dvomi jednosmerne prevadzkovanymi tune-
lovymi rdrami. Celkové dizka trasy dialnice vedenej tunelovymi objektami je cca
1500 m. Oba priportalové Useky tunelovych rir su situované v bezprostrednej
blizkosti objektov, ktoré je potrebné chranit pred Skodlivymi tG¢inkami hluku, vib-
rdcil a exhaldcii sposobenymi jednak vystavbou ale najmé prevadzkou diafice.
Terraprojekt spracoval v priebehu roku 1998 pre investora Slovensku spravu ciest
dokumentaciu pre Gzemné rozhodnutie pre stavbu 3,3 km dlhého Useku dialnice
D2 Lamacské cesta—Staré grunty v Bratislave, ktorého je tunel Sitina stcéastou. V
predloZenom prispevku je popisané technické riedenie tunelovych objektov, véita-
ne navrhu opatreni na ochranu pred negativnymi U¢inkami dopravy.

uvoD

Vedenie dialnice intravilanom velkych miest zvy¢ajne spdsobuje vyraznejSie
kolizie zaujmov, nez je tomu v pripade obchvatu mesta mimo jeho hranic.
Navrhovanie tunelovych objektov na dialhici prechadzajicej mestom prindsa
projektantovi velky pocet obmedzeni a vplyvov vyplyvajlcich najma zo zastava-
nosti Uzemia v blizkosti tunelovych portalov ako i nad samotnym tunelom.
Optimalizacia trasy tunela z hladiska kvality horninového prostredia sa takto
moze dostat’ na niz8i stupen ddleZitosti nez su vonkajsie limity a obmedzenia.
Tomuto javu intenzivne napomaha technologicky pokrok v podzemnom stavite-
tstve, umoZzfujlci prekondvanie i velmi nepriaznivych geologickych a hydrogeo-
logickych pomerov, ¢i uZ pouzitim flexibilnych tunelarskych metdd alebo naopak
vysoko $pecializovanych raziacich komplexov.

Pre hlavné mesto Slovenskej republiky Bratislava je podobne ako pre iné
velké mesta jednym z najpaldivej$ich problémov doprava. Vyraznym prispevkom
k zlep$eniu kritickej situdcie by malo byt skompletovanie diafi¢ného prietahu
mestom, ktory okrem tranzitnej dopravy stiahne i ¢ast vnitromestskej dopravy a
tym odlah&i pretazeny mestsky komunikadny systém. DélezZitost rieSenia doprav-
nej situécie v hiavnom meste si uvedomuje i vidda SR, ktora popri nevyhnutnom
obmedzeni vydavkov na vystavbu dialhic deklaruje ako jednu z priorit (okrem
dokonéenia tunela Branisko) aj vystavbu Usekov dialnice na Gzemi Bratislavy.

Vedenie trasy dialhice D2 Uzemim Bratislavy je mozné charakterizovat ako
obchvat centralnej mestskej zony. Dialhica bude po vstupe do mesta zo severo-
vychodu prevedend Pristavnym mostom cez Dunaj na jeho pravy breh v
Petrzalke, odklial bude prevedena mostom Lafranconi spat na lavy breh Dunaja
v Mlynskej doline. Chybajtci Usek diafice medzi Mlynskou dolinou a existujicou
dialhicou v smere do Ceskej republiky bude vedeny ¢iastoéne pod zemou, dvo-
jicou tunelovych rdr pod Zoologickou zahradou v Mlynskej doline, v blizkosti are-
alu Slovenskej akadémie vied (obr. 1).

ZAKLADNE UDAJE O STAVBE

Pripravovany Usek dialnice D2 v Bratislave s ndzvom Lamaéska cesta—Staré
grunty mé dizku cca 3,3 km a spaja existujlce dialhicné Useky, most Lafranconi
so zadiatkom dialnice D2 v smere na hranicu SR/CR. Dialhi¢ny dsek zahrfia nie-
len tunelové objekty ale i $tyri mimouroviové krizovatky véitane dvanastich

The Sitina tunnel, formed by two one-way tunnel tubes, will be a part of the
motorway D2 passing through Bratislava, the capital of the Slovak Republic. The
total length of the route in tunnel tubes is about 1500 m. Both tunnel tube secti-
ons at the portals are situated in the proximity of buildings which must be pro-
tected from harmful effects of noise, vibrations and exhalations caused both by
the construction of and especially by the traffic on the motorway. The firm
Terraprojekt elaborated in the course of the year 1998 for the investor — Slovak
Road Administration — a documentation for the territorial decision concerning the
construction of the 3.3 km long motorway section D2 Lamacska Cesta—Staré
Grunty in Bratislava, the part of which is formed by the Sitina tunnel. In the pre-
sented article there is described the technical solution of the tunnel construction,
including proposals of measures for protection against negative effects of the
traffic.

INTRODUCTION

Motorways through big cities usually cause more considerable interest collisi-
ons than it is in cases that the motorway by-passes the town outside its boun-
daries. To design tunnel constructions on a motorway passing through the town,
it represents for the designer many limitations and problems resulting from the
fact that the territory near tunnel faces and over the tunnel is built up. That is why
the optimum tunnel alignment may be less important from the aspect of rock to
be excavated than outside limits and restrictions. This phenomenon is supported
by the technological progress in underground engineering which makes it pos-
sible to overcome even very unfavourable geological and hydrogeological con-
ditions, fet it be by applying flexible tunnelling methods or, on the conirary, by
means of very specialized driving means.

The transport is for Bratislava, the capital of the Slovak Republic, analogous-
ly as for other big cities, one of the most difficult problems. An important help for
improving the critical situation may be represented by realizing the motorway
through the town which will serve not only for the transit transport, but for a part
of the city transport as well. In this way the very clogged city transport system will
get relieved. The importance of a solution of transport problems of the capital is
evident even for the government of the Slovak Republic which, in spite of neces-
sary limitations of financial means for the motorway construction, declares the
construction of the motorway sections on the territory of Bratislava as one of the
priorities (besides completing the Branisko tunnel).

The route location of the motorway D2 through the territory of Bratislava may
be characterized as a bypass of the city central zone. The motorway, after ente-
ring the city from north-east, will pass over the Pristavny bridge the Danube lo its
right bank in PetrZalka, from where it will pass, over the Lafranconi bridge to the
left bank of the Danube again, viz. in Mlynska Dolina. The missing motorway sec-
tion between Miynska Dolina and the existing motorway in the direction to the
Czech Republic will be situated partially in two underground tunnel tubes under
the Zoological Gardens in Miynska Dolina, near the area of the Slovak Academy
of Sciences (Fig. 1).

BASIC DATA CONCERNING THE CONSTRUCTION

The prepared section of the motorway D2 in Bratislava, named Lamacdska
Cesta-Staré Grunty and long about 3.3 km, connects existing motorway secti-
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mostnych objektov, zabezpedujlice napojenie diafhiéného Useku na existujdci
komunikacny systém v meste.

Terrraprojekt a. s. je spracovatelom dokumentacie pre Uzemné rozhodnutie
uvedenej stavby, ktora bola odovzdana v novembri roku 1998. Investorom stav-
by je Slovenska sprava ciest, ktora financuje vystavbu dialhic aj na uzemi hlav-
ného mesta SR. Na financovanie tejto stavby si zabezpetené zdroje formou
medzivladnej zmluvy medzi Slovenskom a Japonskom. Podfa predbezného har-
monogramu by sa mala vystavba zacat v roku 2000 a kompletny Usek by mohol
byt uvedeny do prevadzky v roku 2005.

HORNINOVE POMERY V TRASE RAZENYCH
TUNELOV

Trasa tunela pretina jeden z granitoidnych pahorkov na juznom okraji horskej
depresie, nachadzajlcej sa pri juhozapadnom ukonéeni Malych Karpat. Podklad
depresie, ako aj okrajové pahorky, s tvorené horninami krystalinika, zatial ¢o
vyplii depresie buduji mladsie sedimentarne horniny. Okraj krystalického masi-
vu Malych Karpét je intenzivne tektonicky poruseny. Zakladny smer tektonické-
ho porusenia kopirujli i vyznamné morfologické dtvary v predmetnom tzemi -
Mlynské& dolina a Lamacsky prelom.

7o _.;}‘G’;J’?,? 4

@

ons, the Lafranconi bridge with the beginning of the motorway D2 in the directi-
on to the frontier of the Slovak Republic and the Czech Republic. The motorway
section comprises not only tunnel constructions, buf also four highway grade
separations, including twelve bridges, connecting the motorway section to exis-
ting road system in the town.

Terraprojekt, a. s., is the elaborator of the documentation for the territorial
decision of the mentioned construction which was handed over in November
1998. The firm Slovak Road Administration, which finances the construction of
motorways efc. in the territory of the capital of the Slovak Republic, is the inves-
for of the structure. Financial sources for financing said structure have been
ensured in the form of the intergovernmental contract between Slovakia and
Japan. The construction, according to the preliminary programme, should start in
the year 2000 and the respective section should be set in operation in the year
2005.

ROCK CONDITIONS IN THE ROUTE OF DRIVEN
TUNNELS

The tunnel route crosses one of the granitic hills on the southern margin of a
mountain depression, taking place at the south-western end of Low Carpathians.
The basis of the depression and marginal hills are formed by crystallinic rocks
and the inner part of the depression consists of younger sedimentary rocks. The

Prekrytie diafnice
Motorway under canopy

[:'I Razené tunelové rary
Driven tunnel tubes
- Hibené tunely
Cut and cover sections

® Zapadny portal
Western portal
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Z litologického hladiska je stavba masivu Sitina pomerne jednoducha — povrch
pokryvaju antropogénne navazky hrdbky do 0,5 m, pod ktorymi sa nachadza
suvisla vrstva kvartérmych sedimentov. Hribka vrstvy sa pohybuje v rozmedzi 2
az 4 m. Povrch vlastného granitoidného masivu je intenzivne zvetrany, pri¢om
hrdbka granitoidného ellvia sa pohybuje v rozmedzi 2 az 4 m. Granitoidny masiv
tvoria muskoviticko-biotitické granity a granodiority s ¢astym vyskytom pegmati-
tovych Zil a s polohami krystalickych bridlic. Z hladiska fyzického stavu ide o
velmi heterogénne horninové prostredie, od relativne zdravych hormin az po
vyrazne tektonicky porusSené a hlboko zvetrané polohy charakteru poloskalnych
homin az zemim.

Tunel Sitina bude razeny v granitoidnom masive, pri¢om niveleta trasy je
vedena relativne plytko pod povrchom terénu, s nadlozZim vysky 10 az 32 m. Pre
realizaciu tunela je najpodstatnej$ou értou nerovnorodost’ horninového masivu,
podmienena pritomnostou tektonickych pordch rézneho charakteru.
Najvyraznejsie sa tektonické porusenie masivu prejavuje nepravidelnymi zénami
rdznej mocnosti, az do niekolkych metrov.

TECHNICKE RIESENIE TUNELOVYCH OBJEKTOV

Pre kapacitné zabezpecenie prevedenia dopravy na projektovanom Useku
diahice je nevyhnutné siéasne vybudovat' a uviest do prevadzky obe tunelové
rary.

Smerové i vy$kové vedenie trasy dialnice v tuneloch je ovplyvnené limitujicou
blizkostou existujlcej zastavby pri oboch portdloch a podmienkami vyskového
napojenia na krizovatky pred obomi portalmi. Dalsim limitujlicim faktorom je
pomerne nizke nadloZie v celej dizke tunelového Useku. Smerové vedenie trasy
v tuneloch je rozdelené do separatneho vedenia dvoch smerovych péasov dialni-
ce. Trasa juzného smerového pasu diafice v tuneli je vedena v smere od zépa-
du najskdr 205 m v spolonom prekrytom Useku v aredli Slovenskej akadémie
vied, dalej 1247 m v razenom tuneli a napokon 50 m v hibenom Gseku pri
vychodnom portéli. Celkova dizka trasy diafnice v juznej tunelovej rire je
1502 m. Trasa severného smerového pdsu je vedend 202 m v spoloénom prek-
rytom Useku v aredli SAV, potom 1227 m v razenom tuneli a napokon 40 m v
hibenom Useku pri vychodnom portali. Celkova dizka trasy dialhice v severnej
tunelovej rare je 1469 m. Vzdialenost medzi osami oboch tunelovych rdr je po

margin of the crystalline massif of the Low Carpathians is intensively tectonical-
ly fractured. The basic direction of the tectonic fracturing is copied even by impor-
tant morphological formations in the respective territory Mlynska Dolina and
Lamacsky Prelom. )

From the lithological point of view the consistence of the massif Sitina is rela-
tively simple. The surface is covered by antropogenous made-up grounds, thick
up to 0.5 m, under which a coherent layer of quarternary sediments iake place.
The layer thickness is within the range of 2 up to 4 m. The surface of the proper
granitic massif is intensly weathered, and the thickness of the granitic eluvia wit-
hin the range of 2 up to 4 m. The granitic massif is formed by muscovite-biotitic
granites and granodiorites with many pegmatitic veins and interbeds of crystalli-
ne slates. As to the physical condition, there are very heterogenous rock condi-
tions from relatively sound rocks up to considerably tectonically fractured and
deeply weathered interbeds of a character of semi-rock up fo soils.

The Sitina tunnel will be driven in a granitic massif. The formation line passes
relatively shallowly under the ground, with the overburden of the depth of 10 up
to 32 m. The heterogenity of the rock massif, conditioned by the presence of tec-
tonic faults of various character are the most important feature for the tunnel rea-
lization. Tectonic fracturing of the massif is strikingly evident in irregular zones of
various thickness up to several meters.

TECHNICAL SOLUTION OF THE TUNNEL
CONSTRUCTION

To ensure a high traffic capacily in the designed motorway section, it is neces-
sary to build and fo set in operation both tunnel tubes.

The motorway route location in tunnels, as to its direction and elevation of the
route, it is affected by the limiting proximity of existing surface housing near both
portals and by conditions of the elevation of the connection to crossroads in front
of both portals. Another limiting factor resides in a relatively shallow overburden
within the total length of the tunnel section. The motorway in the tunnelled secti-
on is divided into two separate carriageways. The southern stream, coming from
the west, is lead in a common canopy covered section along the area of the
Slovak Academy of Sciences (205 m), then 1247 m in a driven tunnel, and the
last 50 m in a cut and cover section, ending at the eastern portal. The total length
of the motorway in the southern tunnel tube is 1502 m. The northern carriage-
ways leads in the common canopy covered section (202 m) in the area of the
Slovak Academy of Sciences, then 1227 m in a driven tunnel, and final 40 m in
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dizke tunela premenliva a dosahuje maximalnu hodnotu 40 m. Vy8kové vedenie
trasy v tuneloch je navrhnuté v jednotnom sklone 2,34 % prakticky v celej dizke
tunelovej trasy (obr. 3).

Pre vofbu technolégie razenia je uréujlicou vysoka variabilita horninovych
podmienok v trase oboch tunelovych rir. Ako optimalny spbsob je navrhnuté cyk-
lické razenie podla zasad Novej rakuiskej tunelovacej metddy, disponujuce znag-
nou flexibilitou pouZitych postupov a technickych prostriedkov.

Tvar prietneho profilu ako i kondtru¢né rieSenie razenej tunelovej rdry zodpo-
veda zvolene;j technolégii vystavby (obr. 3). Priechodny prierez je navrhnuty s
redukovanymi rozmermi v zmysle vynimky z platnych slovenskych technickych
noriem.

Pre obe tunelové rdry sl navrhnuté bezpeénostné stavebné Upravy podla
STN 73 7507. Pre kazd( tunelovi rdru je navrhnuty jeden jednostranny nidzo-
vy zdliv dizky 40 m, priblizne v strede dizky razenej Gasti tunelovej rary. Medzi
obomi tunelovymi rdrami st navrhnuté tri Gnikové cesty pre osoby, pricom ich
vzajomné vzdialenosti st v hodnotach od 300 do 340 m. Po pravej strane v sme-
re jazdy su situované vyklenky pre SOS kabiny vo vzajomnej vzdialenosti 200 m.

PREVADZKOVE VETRANIE

Vetraci systém v tuneli, ktory zabezpeduje neprekro¢enie limitnych koncent-
récii Skodlivin pri véetkych predpokladanych dopravnych stavoch, je velmi ddle-
Zitou stéastou prevadzkového vybavenia cestného tunela. Optimalny navrh vet-
rania sa musi okrem plnej funkénosti vyznac¢ovat i minimaliziciou investi¢nych i
prevadzkovych néakladov.

Névrh systému vetrania bol spracovany na zaklade vypoétu potrebného
mnozstva Gistého vzduchu. Tento vypocet vychadzal z dopravnoinZinierskych
Udajov k danému Useku a progndzovanej skladby vozového parku v ndvrhovom
obdobi. Metodika vypoctu potrebného mnoZstva vzduchu bola prevzata z rakus-

Os tunela
Tunnel centre line

the cut and cover section up to the eastern portal. The total length of the motor-
way in the northern tunnel tube is 1469 m. The distance between the axes of
both tunnel tubes is variable within the tunnel length and it achieves the maxi-
mum value of 40 m. The elevation of the route in tunnels in designed in the uni-
form slope of 2.34 %, in fact within the total tunnel length (Fig. 3).

A high variability of rock conditions along the alignment of both tunnel tubes is
the decisive factor for selecting the driving technique. Cyclic driving using the
New Austrian Tunnelling Method, with a considerable flexibility of applied proce-
dures and technical means seams to be the optimum method.

The shape of the cross profile as well as the design of the driven tunnel tube
correspond with the selected construction technique (Fig. 3). The traffic clearan-
ce is designed with reduced dimensions within the exception from the valid
Slovak technical standards.

For both tunnel tubes there are designed safely structural elements according
to the standard STN 73 7507. For any tunnel tube there is designed one one-
sided emergency lay-by in the length of 40 m, approximately in the middle of the
length of the driven part of the tunnel. Three escape cross passages for persons
are designed between both tunnel tubes in intervals of 300 to 340 m. At the right
side in the direction of the drive there are situated recesses for SOS cabins in
intervals of 200 m.

OPERATIONAL VENTILATION

The ventilation system in the tunnel which ensures that limit concentrations of
harmful substances will be not crossed at all supposed traffic situations form the
very important part of the tunnel equipment. The optimum ventilation design
must ensure not only all needed functions, but also the lowest possible invest-
ment costs and operational ones.

The design of the ventilation system was elaborated on the basis of the cal-
culation of the volume of fresh air needed. This calculation is based on data con-
cerning supposed ltraffic in the respective section, viz. the supposed compositi-

Zvisla os
Vertical centre line

Teoreticky vyrub
Theoretical excavation

Primarne ostenie (striekany betén)
Primary lining (sholcrete)

Medzifahla izolacia s podkladnou vrstvou
Intermediate insufation with underlay

Sekundarne ostenie — betén B30
Secondary lining — concrete B30

+ 0,00 NI

Obr. 3
Prieény rez razenej tunelovej rdry
Driven tunnel cross section
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kych smemic RVS. Odlisnost vozového parku v Rakisku bola modelovana
posunom hodnét exhalaénych mnoZstiev pre jednotlivé typy vozidiel o 5 rokov
vzhladom na névrhovy rok 2010.

Pre obe tunelové riry je na zaklade vysledkov vypoGtov pre jednotlivé doprav-
né stavy navrhnuty systém pozdiZneho vetrania s vypdstanim znegisteného
vzduchu na oboch vyjazdovych portaloch. PozdiZzne vetranie bude zabezpedo-
vané pomocou dvoch dvojic pridovych ventilatorov zavesenych pod stropom pre
kazdu tunelovu raru,

V normélnom dopravnom stave (rychlost dopravného pridu vadsia ako
30 km/h) nie je potrebné Ziadne umelé vetranie, pretoZe prirodzené vetranie
vyvolané piestovym efektom idlcich ut je dostadujlce. V pripade dopravnej
zapchy — kongescie v tuneli, resp. v pripade poZiaru je v zmysle vypoctov potreb-
né umelé vetranie pomocou pridovych ventilatorov, pricom potrebny pocet je
vadsi pre pripad poziaru.

OCHRANA PRED HLUKOM A IMISIAMI
PRI ZAPADNOM PORTALI

V procese posudzovania vplyvov na Zivotné prostredie boli na zéklade tech-
nickej Stidie vytipované mozné negativne Uinky vystavby a najmé prevadzky
diafhice na existujicu zastavbu v stavbou zasiahnutej oblasti. Kritickymi miesta-
mi mali byt oba predportalové Useky s pravdepodobnym prekradovanim hluko-
Terraprojektu bolo v rdmci spracovania dokumentacie preverit mozné dopady a
navrhnit také rieenia, ktoré budd nielen spifiat' pomerne prisne zakonné limity,
ale zaroven budu akceptované dotknutymi institciami.

Vo vybranom variante vedenia diainice v technickej $tidii prechadzala trasa
pri zapadnom portéli v dizke cca 200 m arealom Slovenskej akadémie vied prib-
lizne po povrchu Uzemia, v tesnej blizkosti inétitdtov akadémie. Stanovisko aka-
démie ku spracovanej spradve o vplyvoch na Zivotné prostredie obsahovalo
okrem inych i poZiadavku na posunutie portalov tunela mimo areal SAV. Také
vedenie trasy dialnice, ktoré by prediZilo razeny tunel nebolo véak vzhfadom na
mnohé obmedzujuce faktory moZné, takze trasa dialhice musi pretinat’ aredl na
povrchu.

Vysledky hlukovej $tidie spracovanej v ramci dokumentécie preukazali potre-
bu chranit objekty Ustavov Molekulamej biolgie a Virologického Ustavu pred
hlukovym zataZenim efektivnymi protihlukovymi opatreniami. Podobne i imisné a
rozptylové vypolty nadvazujlce na ndvrh vetrania v tuneloch preukazali prekro-
¢enie zakonnych limitov, konkrétne kratkodobych koncentracii NOx pri posudzo-
vanych objektoch.

on of vehicles within the respective period. The calculation method how to cal-
culate the needed air was taken from Austrian RVS regulations, The difference
as to the composition of vehicles in Austria was found out by shifting values of
exhalation quantities for individual types of vehicles by 5 years to the considered
year 2010.

A system of a longitudinal ventilation with polluted air outlets at both portals is
designed for both tunnel tubes on the basis of calculation results for individual
traffic situations. The longitudinal ventilation shall be ensured by means of two
couples of air flow fans suspended under the ceiling, for each tunnel tube.

Within usual traffic conditions (the transport speed is higher than 30 km/h), no
forced ventilation is needed, because the piston effect, caused by moving vehic-
les, ensures natural ventilation which is sufficient. In case that a congestion in the
tunnel takes place, or in case of a fire, as the case may be, a forced ventilation
by means of air flow fans is needed, in compliance with mentioned calculations.
In case of a fire, more fans must be applied.

PROTECTION AGAINST NOISE AND HARMFUL
SUBSTANCES AT THE WESTERN PORTAL

When assessing effects upon environment, there were found out potential
negative influence of the structure, particularly of the motorway traffic upon the
existing housing in the area of the construction. Both supposed sections with a
probable crossing of limits for noise and harmful substances in the place of the
nearest buildings were proved as the most critical places. The firm Terraprojekt
had a task within elaborating the documentation, viz to assess potential dama-
ges and fo propose solutions which shall both fulfil the relatively strict legal limits
and be acceptable for respective authorities.

In the selected variant of the motorway route, in a technical study, the route
passed at the western funnel face, in the length of 200 m, through the area of the
Slovak Academy of Sciences, on the surface, just in the proximity of the
Academy institutes. The standpoint of the Academy to the elaborated report con-
cerning effects upon the environment, includeq, besides other objections, the
requirement for the portals to be shifted outside the area of the Slovak Academy
of Science. Also the change of the motorway route which would extend the dri-
ven tunnel, was not acceptable due to many limiting factors. And that is why the
motorway route must cross the area on the surface.

Results of the noise study, elaborated within the documentation works, proved
the need to protect buildings of the Institute for Molecular Biology and of the
Institute for Virology from the extreme noise by taking effective anti-noise mea-
sures. Analogously, calculations concerning harmful substances and their dis-
persion proved that legal limits have been crossed, particularly as to short-time
concentrations of NOx near respective buildings.

In cooperation with the elaborator of the noise study, there were proposed four

Presvetlovacie otvory

Skylight openings

Vetracie otvory s timiémi hluku 'II
Ventilation openings with noise 3
attenuators %
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2860 -10560
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Obr. 4
PrieCny rez prekrytim dialnice
Motorway canopy cross section
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V spolupréci so spracovatefom hlukovej §tadie boli navrhnuté Styri alternativy
riedenia, spocivajice v &iastoénom, resp. Uplnom prekryti oboch smerovych
pasov dialnice réznymi typmi konétrukeii v kombinacii s protihlukovymi stenami.

V3etky predlozené rieSenia pritom zabezpedovali ochranu Ustavov pred hlu-
kom v zmysle platnych predpisov, t.j. zniZovali droven hluku v posudzovanych
bodoch na hodnoty nizsie ako 45 dB. Po prerokovani vSetkych predloZenych
alternativ bola po dohode s investorom zvolend alterativa Uplného prekrytia
oboch pasov dialnice Zelezobetonovou halovou konstrukciou (obr. 4).
Protihlukova ochrana bude zabezpedend pohlcujlicimi obkladmi vnltornych
povrchov, zaoblenim vnatorného lica konstrukcie, oknami z materidlov pohlcujd-
cich hluk a vertikalnymi vetracimi otvormi vystrojenymi timiacimi panelmi.

Konstrukéné rieSenie prekrytia je navrhnuté tak, aby umoZznilo denné osvetle-
nie diafnice cez stresné okna z transparentnych materialov. Vetranie dopravné-
ho priestoru pod prekrytim bude kombinaciou niteného vetrania pomocou pra-
dovych ventilatorov a prirodzeného, s odvodom znecisteného vzduchu prostred-
nictvom vertikalnych otvorov v konstrukeii prekrytia nad stredovym pasom. V pri-
pade poziaru v tuneli je cez otvory umozneny dostatoény odvod dymu a hordce-
ho vzduchu. Z hladiska imisii je rieenie postidené v rozptylovej §tudii, ked ¢ast
znetisteného vzduchu bude vychadzat cez portaly, Sast' vertikalnymi otvormi v
celej dizke prekrytia.

OCHRANA PRED HLUKOM A IMISIAMI
PRI VYCHODNOM PORTALI

Vychodny portal v Mlynskej doline je situovany na hranici aredlu ZOO v bliz-
kosti niekolkych vybehov zvierat. Zoologickli zahradu je mozné povazovat' za
rekreatnl zénu s vysokym stupfiom ochrany pred hlukom a tiez s potrebou
ochrany pred imisiami. V Mlynskej doline, resp. v je] blizkosti sa tiez nachadzaju
obytné objekty s rovnakou mierou doleZitosti ochrany pred negativnymi vplyvmi
dopravy.

V procese posudzovania vplyvov na zivotné prostredie bolo pozadované
najmé preverenie vplyvu dialhice na Urovef hluku, pricom ako moZzné technické
opatrenie bolo navrhované prediZenie tunelovych rir prostrednictvom galérii v
dizke niekolko sto metrov chraniacich pred hlukom. Objavili sa i obavy z Uéinkov
hluku smerujiceho z tunelovych portalov.

Namiesto nakladného predlZzovania tunelovych rir sme navrhli kombinaciu
zemnych valov a transparentnych protihlukovych stien, pricom dostato¢nost
tychto opatreni bola potvrdena trojdimenzionalnymi kalkulaciami hlukového zata-
Zenia okolia diafnice. Okrem iného sa preveril i vplyv hluku z tunela, ktory sa uka-
zal ako zanedbatelny.

Dal$im negativnym Gginkom dopravy na okolie portalu bude vypustanie zne-
gisteného vzduchu cez portdl juznej tunelovej rry. Na zéklade imisnych a roz-
ptylovych vypodtoy, ktoré preukazali nadlimitné koncentréacie $kodlivin v posud-
zovanych bodoch bolo navrhnuté dostatoéne odsévanie Casti znedisteného
vzduchu z dopravného priestoru v blizkosti portalu. V pripade potreby bude moz-
né odsat z dopravného priestoru maximalne mnozstvo vzduchu v hodnote
50 m¥s, ktoré bude vyfukované cez komin v zvislom smere velkou rychlostou do
atmosféry. Vetraci objekt bude pritom vybaveny U€innymi timiémi hluku.

ZAVER

Environmentalne vystupy a podklady, na zaklade ktorych bola dokumentacia
spracovavana (najmé zavereéné stanovisko Ministerstva Zivotného prostredia k
procesu hodnotenia vplyvov) naznadovali potrebu nroénych technickych opat-
reni, ktoré by vyrazné prediZili trasu diamice v tuneloch a viedli by k znaénému
zvyseniu investi¢nych nakladov na stavebnu i technologickd ¢ast tunelov a tiez
k zvySeniu prevadzkovych nakladov.

Podrobné analyzy negativnych Uginkov dopravy spolu s flexibilnymi navrhmi
Uéinnych technickych opatreni vo vzajomnej iteracii napokon viedli k vysledkom
znamenajlicim dodrzanie maximalnych hodnét z hfadiska ochrany ovzdusia pred
znedistujicimi ldtkami a rovnako i maximalnych hodnét hiuku, MéZeme konéta-
tovat, Ze navrhnuté opatrenia sluziace obmedzeniu negativnych Ucinkov dopra-
vy by pritom nemali predstavovat vyrazné zvy3enie stavebnych nakladov.
Pozitivom je i fakt, Ze dotknuté institlicie, najma Slovenska akadémia vied a
Zoologické zahrada prijali predloZené riedenia a ich predbezné stanoviska k pri-
pravovanej vystavbe su suhlasné.

alternative solutions, residing in a partial, eventually full covering of both directi-
on motorway routes by means of various types of structures in combination with
noise attenuation walls.

All proposed solutions ensured the protection of institutes against noise in the
tenor of valid regulations, i.e. they decreased the noise level in inspected places
to values being lower than 45 dB. After all presented alternatives had been dis-
cussed, the alternative of a full covering of both motorway routes by means of a
reinforced concrete hall type structure (Fig. 4) was selected, viz. with the appro-
val of the client. The anti-noise protection shall be ensured by means of a noise
suppressing cladding of internal surfaces, by rounding off the internal face of the
structure, by means of windows made of noise absorbing materials and by
means of vertical ventilation openings provided with noise absorbing panels.

The structural solution of the covering is designed in such a way that it may
be a daylight on the motorway through roof windows, made of fransparent
materials. The ventilation of the transport space under the covering shall be
ensured when combining the forced ventilation by means of air flow fans, and
natural ventilation with the polluted air relief through vertical openings in the
cover over the middle traffic lane. In case of a fire in the tunnel, a sufficient
escape of smoke and hot air through openings is ensured. With respect to
harmful substances, the solution is assessed in a dispersion study; a part of
polluted air shall go out via portals, a part through vertical openings within the
whole length of the cover.

PROTECTION AGAINST NOISE AND HARMFUL
SUBSTANCES AT THE EASTERN TUNNEL FACE

The eastern tunnel face in Mlynska Dolina is situated at the boundary of the
Zoological Gardens Area, near some free ranges for animals. The Zoological
Gardens may be supposed as a recreation zone with a high grade of protection
against noise and also with a need of protection against harmful substances. In
Milynska Dolina, or in its proximity if needed, there take place residential housing
where the importance of protection against negative transport effects is the
same.

When assessing effects upon the environment, it was required particularly to
inspect the motorway effect upon the noise level, and as an possible technical
measure there was proposed to extend the tunnel tubes by means of canopies
protecting against noise, in the length of several hundred metres. There appea-
red also anxiety as to noise effects coming out of the portals.

Instead of an expensive extension of tunnel tubes, we designed a combinati-
on of embankments and transparent noise attenuation walls. Three dimensional
calculations of the noise effect upon the environs of the motorway proved that
said measures have been sufficient. Moreover there was inspected the influen-
ce of the noise coming out of the tunnel, and it was proved to be negligible.

To force poliuted air out of the portal of the southern tunnel tube, that is anot-
her negative effect of the transport as to the environs of the portal. With respect
fo calculations concerning harmful substances and dispersion conditions, which
proved over-limit concentrations of harmful substances on inspected places, the-
re was designed an additional exhausting of a part of poliuted air from the tran-
sport space near the tunnel face. In case of need it will be possible to exhaust
from the transport space maximum volume of air amounting to 50 m*/sec, which
will be blown out through a vent shaft in the vertical direction with a high veloci-
ty into atmosphere. The vent shaft shall be equipped with effective noise absor-
bers.

CONCLUSION

Environmental outputs and data on the basis of which the documentation has
been elaborated (particularly the final standpoint of the Ministry for environment
fo the procedure of the evaluation of effects) suggested the need of exacting
technical measures which would extend considerably the motorway routes in
tunnels and cause a considerable increase both of investment costs for the tech-
nological and building part of the tunnels, and of operational costs as well.

Detailed analyses of negative transport effects, together with flexible propo-
sals of effective technical measures in mutual interaction, resulted at last in
results ensuring that maximum values concerning the atmosphere protection
against polluted substances, as well as the maximum noise values shall be
observed. We may state that the proposed measures serving for limiting negati-
ve transport effects, would not represent a considerable increase of building
costs. It may be also positively stated that the respective institutions, particular-
ly the Slovak Academy of Sciences and the Zoological Gardens accepted the
presented solution and approved it in their preliminary standpoints to the prepa-
red construction.
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PODZEMNI PARKOVISTE V MOSKVE

YURKEVICH & CO., ENGINEERING SOCIETY LTD., BELORUSKO

UNDERGROUND PARKING-GARAGE IN THE REVOLUTION
SQUARE IN MOSCOW

FROM TECHNICAL PROPOSAL TO REALIZATION OF THE PROJECT
P. YURKEVICH, YURKEVICH & CO ENGINNERING SOCIETY LTD, REPUBLIC OF BELARUS

Na zé&kladé usneseni VIady mésta Moskvy a s pomoci Gvéru Evropské Banky
pro rekonstrukci a rozvoj bylo na Namésti Revoluce v Moskvé vybudovano &tyi-
podlazni podzemni parkovisté. Ugast nasi spolednosti na vyprojektovani tohoto
objektu byla umoznéna diky shodé nékolika nahod. Piivodni projekt zpracovava-
la jind organizace, a to jiz od jara roku 1996. Jeho koncepce, a to jak konstruké-
ni, tak v technologii vystavby, byla zcela odligna.

Na podzim roku 1996 vSak odbornici dodavatele stavby, akciové spolednosti
INGEOCOM, nam ucinili nabidku seznamit se s timto projektem a zaujmout k
nému stanovisko. Vysledkem byl altemativni navrh technického feseni, které
nakonec nahradilo plvodni, pochopitelné po odsouhlaseni investorem i general-
nim dodavatelem. Nase spole¢nost pak za pouhych 10 dnd vypracovala dodatek
projekiu, ktery Uspésné prosel jak statni tak nezévislou expertizou.

Préce na realizaéni dokumentaci byly zahajeny koncem listopadu 1996, pfi
¢emZ vyprojektovani hlavnich nosnych konstrukei v&etné osténi klenby a projek-
tu organizace vystavby jsme dokonéili jiz v lednu 1997.

Je tfeba ¢estné pfiznat, Ze zahajeni stavebnich praci, které pfipadlo na obdobf
dlouhotrvajicich silnych mraz(, zpisobuijicich neustalé vypadky stavebnich strojdi a
zafizeni, nebylo pfilis lspédné. Pocasl jakoby davalo za pravdu skeptikiim, kteff
tvrdill, Ze termin ukonceni hlavnich stavebnich praci, zakryli stavebni jamy a
dokonéenf povrchovych Uprav do 1. zafi 1997, jak poZadovaly méstské organy s
ohledem na bliZici se oslavy 850. vyroci zalozeni Moskvy, je neredlny. Byla to véak
pravé nova koncepce fedeni, klerd nakonec umoznila tento termin dodrzet.

URBANISTICKA SITUACE A KONCEPCE OBJEKTU

Podzemni parkoviété je umisténo nedaleko Kremlu, mezi hotelem Rossija a
budovou byvalého Leninova muzea poblize tunelového sbérace, do ného? je
sveden tok feky Néglinka (obr. 1). Pod vétsi ¢asti parkovisté prochazeji provozo-
vané tunely metra, a to v hloubce 5 m pod zékladovou deskou pravy tunel tzv.
Pokrovské spojky a v hloubce 10 m pravy tunel linky Arbatsko-Pokrovské.

Celkova koncepce a dispozice tohoto podzemniho parkovi§té pro 184 auto-
mobildl byla zpracovéna generalnim projektantem kterym byl projektovy tstav
Mosprojekt-2. Hlavnimi ¢astmi objektu jsou:

— vlastni ¢tyipodlazni parkovisté
— vjezdova rampa
— provozni blok.

Tento blok je ve spodnf drovni prostiednictvim tunelu pro pési propojen s jiz
dfive vybudovanym Obchodnim centrem na Manéznim namésti a v horni Grovni
pak se schodistém do podzemniho Archeclogického muzea (obr. 2).

HYDROGEOLOGICKE PODMINKY LOKALITY

Tyto podminky se vyznadovaly velkou proménlivosti, struéné je Ize charakteri-
zovat asi nasledovné (shora doll):

— vrstva navazek skladajici se z pisku, stavebniho rumu, jilu a zahlinéného &tér-
ku o celkové mocnosti 6-8 m; v hioubce kolem 5-6 m byly objeveny zbytky
zakladl starych budov;

— vrstva jilovitych aluvialnich sedimentti o mocnosti 4-6 m s piskovymi a hiinito-
piscitymi ¢oékami;

— tzv. izmailovska vrstva 0 mocnosti 3-6 m, tvofend na drobné Glomky zvétra-
lym vapencem s jilovitou vypini; v jeji horni éasti se vyskytuji jilovité cocky, v
dolni pak celé bloky silné rozpukaného vapence a dolomitu;

- tzv. méScerinska vrstva o mocnosti 4-5 m tvofena slinovymi jily;

— tzv. perchurovska vrstva 0 mocnosli 8-10 m tvofena rozpukanymi vapenci;

— tzv. neverovska vrsiva o mocnosti 6-8 m tvofena jily a sliny.

Déle byly zjistény tfi horizonty podzemni vody:

~ horni nad Grovni aluvidlnich sediment;

— mezilehly, vZici se k méscerinské vrstvé;

Following the provisions of the Decree of the Moscow Government a four-level
underground parking-garage was constructed in the Revolution Square. It was
financed from the credit granted by the European Bank for Reconstruction and
Development.

Participation of our company in designing of this project was due to shear
coincidence. From spring 1996 another designing team was drawing up a design
which implemented a distinctly different solution of structure and construction
technology and this work was in full swing at that moment.

In September 1996 the building contractor — PJSC “Corporation Engeocom”
invited our company to look through the design and give our considerations on
it. As a result an alternative technical proposal has evolved which in the process
of developing design documentation replaced initially developed design. Our pro-
posal was supported by the customer and the general construction contractor. It
took us only 10 days to develop a part of the new design and get approval of the
state and independent expertise bodies.

Development of working documentation commenced at the end of November
1996 and continued concurrently with the construction of the project till April
1997. Design of principal parking structures including vault-shape lining, and ela-
boration of the design for organization of construction work were completed in
January 1997.

To be fair, the beginning of major construction works in the conditions of seve-
re incessant winter frosts, which caused multiple standstills of construction equ-
ipment, can hardly be considered encouraging. The adverse weather conditions
added skeplicism to most of the specialists as to the time framework set by the
city authorities (principal construction and mounting works were to be completed
by September 1, 1997 — on the eve of the 850th anniversary of Moskow).

It has been a new lining of the underground parking and the technology of its
construction which allowed to cope with the set task.

CITY DESIGNING AND CONSTRUCTION SITUATION

The underground parking-garage in the Revolution Square is located near the
Kremlin between the buildings of the ,Moskva” hotel and that of the former Lenin
Museum in the proximity of the Neglinka River collector (Fig. 1). Metro tunnels
are running under the major part of the underground parking (left tunne! of the
Pokrovskaya connecting branch runs at a depth of 5 m and right tunnel of the
Arbatsko-Pokrovskaya line — at a depth of 10 m respectively below the foundati-
on of the parking).

The arrangement and architectural planning of the underground parking-gara-
ge for 184 car spaces was developed by the General Designing Institute
“Mosproekt-2”. The structure incorporates a four-level parking-garage proper, an
access ramp and a series of service premises and is connected by a pedestrian
tunnel to the lower level of the constructed Trade and Recreation Complex in the
Manege Square and by the access stair — to the upper level of the underground
Archeological Museum (Fig. 2).

HYDROGEOLOGICAL CONDITIONS

Geological formation in the construction zone is composite and irreguiar and
is represented by the following layers from top to bottom:
— fill (sand, construction debris, clay, clay loam with detritus) of 6-8 m thickness
and remains of building foundations at a depth of 5~6 m;
— Alluvial deposits of clay loam, sand lenses and sand loam of 4-6 m thickness;
— 3to 5 m thick izmailovskaya layer consisting of limestone crumbled to detri-
tus, gravel and meal all filled with clay, blanket lenses of clay and underlying
them large fractions of severely fissured limestone and dolomite;
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— dolni, spojeny s perchurovskou vrstvou rozpukaného vapence, nad vrstvou
neverovskou.

Vystavba parkoviété probihala v oblasti dvou vysSich zvodnélych horizontd,
pfi ¢emz bylo tfeba brat v ivahu jejich pfedpovidané zvy$eni po ukonceni vystav-
by vlivem sezénniho kolisani.

Zékladovou pldu pro nosné a pazici stény objektu tvofi méscerinské jily, zakla-
dova deska (spodnf klenba) spodiva na izmailovskych rozpukanych vapencich.

HLAVNI NOSNA KLENBOVA KONSTRUKCE Z MONOLITICKEHO
ZELEZOBETONU PODZEMNIHO PARKOVISTE

Ke zrodu myslenky vyuzit jako nosné konstrukce monolitickou Zelezobetono-
vou klenbu prispély zejména nasledujici klicové faktory:

— evidentni provozni vyhody spojené s konstrukénim fe§enim bez sloupt a nos-
nych pficek (z hlediska vyuZiti obestavéného prostoru i pro pipadné zmény v
budoucnu);

— prednosti vystavby jednolodni konstrukce, umoZziujici provést najednou kon-
strukci celého patra;

— vhodné dispoziéni feSeni, velikost pficného fezu a pfiznivy spad podlahy
objektd;

— desetileta pfedchozi zkusenost nasi spoleénosti s projektovanim a provozem
objektli se stropy provedenymi jako plocha klenba, ziskana na Minském met-
ru, jehoz nékteré stanice maji podobny konstrukéni systém;

— prebiranf zkusenosti z vystavby a provozu jednolodnich hloubenych stanic na
podzemnich drahach po celém byvalém Sovétském Svazu;

— podrobna analyza objemovych, materidlovych, statickych, deformacnich i efek-
tivnostnich ukazateld jednolodnich hloubenych stanic metra budovanych meto-
dou podzemnich stén, ve vazbé na hloubku jejich zaloZeni a riizna staticka
schémata nosnych konstrukei, kterou jsme provedli v pribéhu roku 1995;

— obdobna vlastni analyza zaméfena na proces tvrdnuti betonu monolitické plo-
ché klenby, priibéhu jejich deformaci a spotfeby vyztuze v zavislosti na poza-
dované odolnosti proti vzniku trhlin;

— dusledné propracovani jiz prvnich navrh( zakladnich technickych feseni do
pomémé znaénych podrobnosti ve vice variantach, jak je u nasi spole¢nosti
zvykem.

Klenbova nosné konstrukce objektu v sobé zahrnuje (obr. 3):

— pazici (béhem vystavby) a nosné (za provozu) podzemni stény;

— horni stropni desku, vytvofenou jako plochou klenbu, vetknutou do podzem-
nich stén hornimi ¢astmi jejich patek a opirajici se o né spodnimi ¢astmi patek
pfes sevfenou vodotésnou izolaci;

— mezilehlé ploché klenbové stropy, které se opiraji rozsitenymi patkami o sté-
ny pfes pasy sevfené izolace a kloubové spojené jak navzajem, tak i s horni
klenbou, tak se zakladovou deskou (protiklenbou);

— zékladovou desku (pocvu) v podobé ploché protiklenby, kloubové spojené se
Takto navrzena konstrukce neobyéejné zvysuje prostorovou tuhost systému a

spojitost jeho deformaci, coZ zabranilo pogkozeni vodotésnych izolaci v priibéhu

vystavby a soucasné zajistuje vysokou miru bezpecnosti pfi pfipadném prova-

Podzemni garaze ve stavbé — v pozadi Kreml
Underground parking-garage under construction - Kreml in backround

— marl clay of 4 to 5 m thick mescherskaya layer;

— 9to 10 m thick fissured limestone of perkhurovskaya layer;

— 6 to 8 m thick neverovskaya layer of clay and marl.

Geological surveys revealed three water tables:

— upper water table overlying alluvial clay loam and clay;

- intermediate water table confined to izmailovskaya level of limestone detritus
overlying mescherskaya layer of marl clay;

— lower water table confined to perkhurovskaya layer of fissured limestone over-
lying neverovskaya layer of clay and marl.

The parking-garage was constructed in the zone of the two upper non-artesi-
an water tables which level according to the forecast will not exceed their sea-
sonal rise after completion of construction.

Clays of mescherskaya layer form foundation for bearing and retaining walls
of the lining and limestone detritus do the same for the bed of the invert.

IN-SITU REINFORCED CONCRETE LINING OF UNDERGROUND
PARKING-GARAGE

The idea to employ a four-level single vault in-situ reinforced concrete lining
for the underground parking-garage in the Revolution Square was encouraged
by the following key factors:

— evident operational advantages of the structures devoid of columns and wall
partitions (both for increase of car space and possible replanning of the facili-
ty in the future);

~ advantages of building single-vault lining which allowed to construct accom-
plished structure of each level in a single concreting operation;

— favorable arrangement, optimal cross-section size of the structure and allo-
wable sloping of the parking-garage floor;

- ten-year experience in designing and operation of sloping-vault stations of the
Minsk subway;

— years-old study of the construction and operation of the single-vault shallow
subway stations in the cities of the former Soviet Union;

— carried out in 1995 assessments of material consumption, stress-strength
condition and efficiency of utilizing subsurface space when constructing sing-
le-vault subway stations with ,diaphragm wall” technology adapting it to diffe-
rent depths and employing various systems of single-vault structures;

— study of the relationship between hardening of concrete in sloping in-situ rein-
forced concrete vaults, its deformability and steel consumption which provide
for set cracking resistance;

— creative approach of our experts to designing manifested by multi-variance
and profundity in developing principal technical solutions.

Lining of the structure incorporates (Fig. 3):

— enclosing (at the construction stage) and bearing (at operation stage) diap-
hragm walls;

- sloping roof-vault rigidly connected by the upper sections of the abutments to
diaphragm walls and flexibly bearing up against the walls with lower sections
of the abutments via the layer of bound waterproofing material;

- sloping floor-vaults flexibly bearing by extended abutments against the walls
via the layer of bound waterproofing material and having no rigid reinforce-
ment ties between themselves, with the roof and the invert;

— invert in the form of a reverse sloping vault flexibly bearing against the walls
and abutments of the lower roof-vault.

Adopted design of roof-vault, floor-vault and invert links to the walls and links
of the vaults between themselves ensured high three-dimensional rigidity of the
system and displacement compatibility of load bearing elements of lining which
prevented damage to hydraulic seal during construction and operation of the pro-
ject. It makes possible safe relocation and repair of adjacent utilities in the futu-
re during operation of the facilily and allows to preclude soil water filtration
through lining of the underground parking-garage. Though water filtration pro-
blem is very acute and appears now to be hard to solve for the underground
complex in the Manege Square in spite of similar conditions and availability of
soil drainage arranged under the invert.

Geometry of all the vaults was standardized to the inner radius to allow emplo-
yment of single-type traveling form.

Diaphragm walls were constructed of grade B25 concrete, vaults and inverts
— of B30 concrete. Regular bar reinforcement of Al and Alll class was used for
reinforcement of structures.

Prior to designing, single-vault lining was verified for its design fire resistance
(not less than 2,5 hours) recommendations ensuring such resistance were for-
mulated.

This work was performed by a specialized company “Intersignal”.

High quality of diaphragm wall panel joints was achieved employing hydrocut-
ters of Bauer company by cutting off concrete layer from butt edges of the lea-
ding panels when connecting sections of walls. Toothings in the diaphragm walls
were constructed during assembly by filling requisite zones in reinforced three-
dimensional cages with polystyrene foam blocks tied to effective reinforcement.

Waterproofing of walls and the invert was made of a single 4 mm-thick layer
of ,Izoplast II”. This rolled bituminous material on a polyester base was pasted to
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déni pfelozek a oprav vnéjdich inZzenyrskych siti v budoucnu. Praxe ukazala, Ze
takto vybudovana konstrukce je zcela vodotésna, pii ¢emz na diive vybudova-
ném (av8ak pomoci jiné technologie a jiného konstrukéniho systému) tésné ved-
le lezicim objektu obchodniho centra na Manéznim ndmésti jsou problémy s pro-
sakujicl podzemni vodou jiz nyni znaéné a obtizné fesitelné.

Vnitini poloméry v8ech kleneb jsou sjednoceny tak, aby bylo mozno aplikovat
prefabrikované posuvné bednéni.

Podzemni stény jsou z betonu B 25, klenby véetné spodni (pocvy) z betonu
B 30. Vyztuz je provedena ze standardnich ocelovych prutl tiid Al a Alll.

Jedté pied zaCatkem praci na projektu této nosné konstrukce bylo provedeno
provéfeni jeji pozadované pozami odolnosti (min. 150 min) a byla navrzena pfi-
sludna opatfeni k jejimu dosazeni. Tyto prace provedla specializovana firma
INTERSIGNAL.

Kvalita stykli mezi jednotlivymi dily podzemnich stén byla zajiStovana odfeza-
vanim okrajl dildi jiz diive zhotovenych pii nasledném hloubenf spojovacich sek-
ci. Pro hloubeni byla pouzita hydrofréza firmy Bauer. Utésnéni spér bylo zajisté-
no pénovym polystyrenem, jehoz bloky byly vkladany do pfislusnych ¢asti pro-
storové ocelové vyztuze jednotlivych sekci.

Pro zabranéni prlisakll podzemni vody sténami a zékladovou konstrukci
objektu bylo pouzito plastové izolace, a to jedné vrstvy Izoplastu P o tloustce
4 mm. Jedna se o material na bitumenové bazi, dodavany v rolich, ktery se apli-
kuje za horka klasickym zplisobem pomoci propanbutanovych horaku a vyzadu-
je mj. kvalitni hladky povrch podkladu, na kterém je aplikovan. Proto bylo tfeba
velice kvalitné provést pokladni mazaninu pod zékladovou deskou a dodateéné
vyrovnat vnitfni povrch podzemnich stén cementovou omitkou.

Styk zakladové desky s podzemnimi sténami v mistech jejich spar byl doda-
teéné zesilovan vrstvou Izolenu (jedna se o vyztuzeny stabilizovany polyetylen),
ktery byl spojen s Izoplastem lepidlem Neoplen,

Hydroizolace horniho stropu je provedena z materialli na bazi bentonitu a to
geotextiliif VOLTEX a natriumbentonitu VOLCLAY.

STATIKA OSTENI A VYPOCTY

Navrzena konstrukce je ze statického hlediska pfibuzna patrovym rdmim
jejichz stfednice je tvofena kiivkou a nemé nic spole¢ného s konstrukcemi tvo-
fenymi valcovymi klenbami.

Tento zavér je snadno prokazatelny: staci nahradit rozsifené patky kleneb nor-
malnimi, vychézejicimi z vnitfnich a vnéjich polomér(i. Pak kazda klenuté strop-
ni deska zacne fungovat jako mimostiedné tlaeny kloubové podepfeny zakfive-
ny nosnik, jehoZ svisla deformace v ose rozpéti by pfi plném vypodtovém zati-
Zeni pfesahla hodnotu 100 mm.

Pribéhy ohybovych momentt a velikosti vodorovnych tlakl, kterymi kon-
strukce plsobi pfes svislé stény na okolni zeminu pfi maximalnim zatizeni véech
mezistropl i horni desky extrémnim nahodilym zatiZzenim, rovnéz tyto zavéry
potvrzujl. Maximalni vypoétovy vodorovny tlak na zeminu se pohybuje od
0,01 MPa (horni &ast patky klenby nejvyssiho stropu) do 0,06 MPa (spodek pat-

Pravé rozsifené patky zajistuji vysokou prostorovou tuhost a malou deformo-

Provozovana trasa podzemni drahy -~
The tunnel of the subway in operation

B) Provozovana trasa podzemni drahy
7 —" The tunnel of the subway in operation

Obr. 2
Pidorysy jsou v drovnich: a) horniho podlazi, b) mezipodlazi
Plans are in the levels: a) of the upper floor, b) of the intermediate floor

Provozovana trasa podzemni drahy
The tunnel of the subway in operation

the surface layer with traditional flashing off technique using propane burner.
Pasting required the arrangement of high quality concrete surface under the
invert as well as leveling off of diaphragm walls surface with sand-cement grout.

Joint points of the invert with diaphragm walls were supplementary strengthe-
ned with “Isolen” layer (made of reinforced light-resistant polyethylene), pasted
to ,Izoplast II” with “Neoplen” mastic.

Waterproofing of the roof vault is made of bentomats using as the base geo-
textile material VOLTEX and sodium bentonite VOLCLAY.

STATIC BEHAVIOR OF LINING AND CALCULATIONS

Static behavior of lining of adopted design is similar to behavior of separate
curved cages connected between themselves and with the walls and has nothing
in common with the behavior of lining of cylindrical struiting vaults.

This conclusion can be easily verified. For this extended abutments of vaults
in the structure of lining of underground parking-garage should be replaced with
regular ones formed by external and internal central radii of the vault. In this case
each section of the floor vault shall behave as curved extracentrally compressed
beam resting on two dead-end articulations and its vertical deformation at the
axis of symmetry will exceed 100 mm when the vault gets full design load.

Stage-wise graphic representation of bending moments and analysis of the
value of horizontal pressure exerted on the soil by lining of underground parking-
garage via diaphragm walls at extreme design load applied to alf vault-floors and
vault-roof including heavy transport loads serve to additionally prove quoted
conclusion. Maximum horizontal design pressure exerted by the lining on the soil
decrease from 0,01 MPa (top of abutment of the roof vault) to 0,06 MPa (bottom
of abutment of the lower floor vault).

With practical absence of strutting efforts it is extended abutments that ensu-
re three-dimensional rigidity and low deformability of sloping vaults.

Another specific feature of this lining is that each of the sloping vaults is capa-
ble of changing its form under its own weight (within controlled limits), reducing
stress through design deformability when formwork is disassembled. In this case
proper weight builds up a sort of prestress of the vault prior to application of ope-
ration Joad and increases its bearing capacity.

During acceptance and expertise of our proposal we had to prove many times
these obvious and self-evident facts.

To defend technical solutions a large scope of various computer-based calcu-
lations of different models were performed. Within very short period of time with
the assistance of the Ukrainian scientists we developed, adapted and employed
new fypes of finite elements which enabled us to take into consideration such
minor details of lining behavior which our opponents from the largest scientific
and research institutes of Russia failed to model.

When developing working documentation all calculations were made anew
and allowed for changes in stress-deformation of lining specifying the geometry
at each particular stage of construction. Lining geometry was verified during
adjustment of the layout of the underground parking-garage.

™ Zatrubnéni feky Neglinky
The culvert of Neglinka river

Provozovana lrasa podzemni drahy
The tunnel of the subway in operation
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vatelnost téchto plochych, az filigransky plisobicich kleneb, které piitom nevyvo-
zuji téméf zadné vodorovné tlaky.

ZvIadtnim rysem tohoto typu konstrukce je také to, Ze kazda stropni deska ma
moznost (samozfejmé jen v pfedem stanovenych hranicich) ménit svoji geomet-
rii vlivem vlastni vahy, ¢imz se po odbednéni zmensuje celkova napjatost. Vlastni
vaha tak vyvolava v konstrukci urcité predpéti, ¢imz zvySuje jeho Gnosnost.

Tyto zdanlivé ziejmé a snadno pochopitelné skute¢nosti vdak bylo tfeba nej-
prve prokazat pfi obhajobé naseho navrhu a jeho expertizach.

Za tim U¢elem jsme provedli veliké mnoZstvi vypoctd. Diky pomoci védeckych
pracovnikdl z Ukrajiny se podaiilo ve velmi kratké dobé vygenerovat velké mnoz-
stvi novych modelovych siti pro metodu koneénych prvkd, jejimz prostfednictvim
jsme mohli vysledovat chovani konstrukce do nejmensich detaildl. Nasim opo-
nentdim kterymi byli pfevazné pracovnici velkych védeckovyzkumnych a projek-
tovych ustavll Ruska, se toto nepodafilo.

V pribéhu zpracovani realizaéni dokumentace byly v8echny vypoéty prova-
dény znovu, jelikoz doslo k upfesnéni geometrického tvaru konstrukce vlivem
Uprav dispozicniho a provozniho fedeni podzemnich garazi.

KONSTRUKCE RAMPY

Jeji sténa je provedena jako ,,oteviena Sachta, z vrtanych pilot priméru
830 mm navzajem se pfekryvajicich (osova vzdalenost pilot ¢ini 650 mm), viast-
ni rampa je monoliticka Zelezobetonova Sroubovice, podepfend touto sténou,
vnitfnimi sloupy a sténou vélcové schodistové Sachty, vée spocivajici na zakla-
dové desce.

Uzaviraci sténa objektu smérem do ManéZniho nameésti je rovnéz z vrtanych
pilot, provedenych vrtacim zafizenim fy Cassagrande.

Vodotésna izolace rampy je provedena ze stejnych materialll a podle tychz
konstrukénich zasad, jako jiz popsana konstrukce hlavniho objektu.

TECHNOLOGIE VYSTAVBY HLAVNI NOSNE KONSTRUKCE

Viystavba byla provadéna v oteviené pazené stavebni jamé. Byla zvaZovana
rovnéz varianta vystavby pod zakrytim (provedeni horni desky v oteviené jamé
a dalsi vystavba pak pod timto stropem), av$ak tato varianta se ukéazala pod-

e = =1
Obr. 3

Piicny fez klenutym osténim
Cross-section of the vaulted lining
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RAMP DESIGN

The ramp is designed in the form of a discontinuous (in plan) ,bore” construc-
ted of Dh = 830 mm secant piles spaced at 650 mm. In-situ reinforced concrete
helix-shape ramp access rests on a foundation slab with hold-down bore walls,
pillars arranged along inner circle and walls of the cylindrical stairs shaft, which
in their turn rest on a foundation slab.

Side pile wall facing the Manege Square is constructed of similar piles using
“Casagrande” drilling rigs.

The same materials and structural principles as were employed for water pro-
ofing of the vault lining were used for waterproofing of the ramp.

TECHNIQUE OF CONSTRUCTING FOUR-LEVEL IN-SITU
REINFORCED CONCRETE VAULT LINING

Construction of the underground parking-garage in the Revolution Square was
carried out to cut-and-cover technique under protection of temporary piles. When
preparing technical proposal semi-cut-and-cover technique of construction under
protection of vaults built level-wise (from top to bottom) was also considered.
This option, however, appeared fo be more labor-consuming and due to brief
construction time it was rejected.

Technological sequence of construction is represented by 6 principal slages
shown in Fig. 4.

At the first stage (Fig. 4a) from the level of the guide beam diaphragm walls
were constructed under slurry protection, and secant piles — under casing pro-
tection.

Blanket grouting of fissured limestone of izmailovskaya layer was carried out
prior to excavation above left subway tunnel. The pit was excavated under pro-
fection of 5 m spaced ¢ 630 mm pipe struts resting on distribution chords of
coupled steel beams N. 55B1.

The second stage (Fig. 4b) incorporated arrangement of concrete bed,
waterproofing of invert and walls up to a level exceeding the top of the lower level
abutment by min. 0.5 m. This work was followed by concreting of the concreting
of the invert. Reinforcement of the invert of the vault lining was carried out emplo-
ying 2.4 m-wide reinforcing space cage, which was manufactured at the site in
advance in special guides. Frames were joined during assembly by overlap of
the loop-shaped rod ends in cross section and of supplementary individual rods
— in longitudinal section.

Inverts of service rooms and the ramp were reinforced with individual rods
wire-tied in their cross-shape connection. Concrete mix was fed with ,Schwing”
self-propelled concrete pump and buckets.

After concrete of the invert gained 50 % strength, resting on it prefabricated
steel modular moving form with veneer boarding was assembled. This work was
preceded by disassembly of temporary piles at lower level.

Each of 17,5 m wide sections of this and of subsequently constructed vaults
were reinforced with the same type 2,4 m-wide reinforcing space cages.

Stage three (Fig. 4c): After concrete of the lowest floor gained 60 % strength
resting on it second set of form was assembled to concrete the intermediate
vault. As form sections were removed from under the lower vault (in the opposi-
te to the ramp direction) they were replaced with temporary support posts.
Disassembly of temporary posts of the intermediate level was preceded with
waterproofing of walls.

The intermediate vault was also concreted in 17,5 m-wide sections.

Stage four (Fig. 4d): After concrete of the lower intermediate vault gained
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Technologicky postup provadéni klenutého osténi
Erection technology of the vaulted lining
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Podzemni garaze po dokonceni
Underground parking-garage after completion

vystavby byla zamitnuta.

Cely postup vystavby Ize rozdélit do &esti zakladnich fazi, které jsou uvedeny
na obr. 4,

Prvni fize (4a) - z pfedvykopu se provadéji podzemni stény a vrtané piloty.

Pied zahéjenim vykopovych praci nad levym tunelem metra byla provedena
plosna cementace rozpukaného vapence v jeho nadlozi. Vykop se provadél v
jamé rozeptené pomoci ocelovych trub o prdméru 630 mm ve vzdélenostech
5 m, opirajicich se do roznasecich nosnikll ze zdvojenych ocelovych profild
¢. 55B1.

Druha faze (4b) ~ provadi se podkladni beton a izolace zakladové desky a

60 % strength form sections were moved out and replaced by similar support
posts and temporary posts of the upper level were dismantled. This work was fol-
lowed by waterproofing of walls, assembly of the third set of modular form and
concreting of the next intermediate vault,

Stage 5 (Fig. 4e): After concrete of each section of the successive intermedi-
ate vault gained 60 % strength parts of the form were moved out and replaced
by new support posts, the fort set of form was assembled and roof vault was
concreted.

Stage six (Fig. 4f): Four-level cast-in-situ reinforced lining was completed.
Temporary support posts were disassembled level-wise from top to bottom.
Floors were constructed at each level followed by waterproofing and back fill of
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stén do vysky, pfesahuijici min. o 0,5 m horni Grovef patek spodnf protiklenby a
poté se tato betonuje. Jeji armatura je vytvofena prostorovymi armovacimi kosi
o Sifce 2,4 m, zhotovovanymi pfedem na stavenisti, které se navzajem propojo-
valy smy&kovou vyztuzi v pfiEném sméru a piidatnymi pruty ve sméru podélném.

Armatura zakladovych desek provozniho bloku a rampy byla vazéna az na
misté samém z jednotlivych prutl. Beton byl dopravovan jak pumpami Schwing,
tak v kosich.

Kdyz beton zakladové desky dosahl 50% pevnosti, zacalo se s pfipravou bed-
vizorni rozepfeni spodniho patra. Bednéni bylo ocelové, prefabrikované, vicena-
sobné pouZitelné, vlastni bednici desky mély povrch kryty preklizkou.

Armatura kazdé 17,5 m $iroké sekce tohoto i véech dalsich mezistropl byla
rovnéZ vytvofena z prostorovych armokosu o Sifce 2,4 m.

Treti faze (4c) - po té, co nejniz8i mezistrop dosahne 60% pevnosti je zaha-
jena montaz druhého kompletu bednéni, do néhoZ bude betonovan dalsi mezi-
strop. Mezi tim se osazuji docasné podpéry nejniz&ho mezistropu (b&hem
posouvani sekci jeho bednéni, které probiha smérem od rampy), provadi se vyta-
zeni pladtové izolace o patro vye a demontuje se dodasné pazeni dalétho
patra.

Betonaz mezistropu probihd také po Usecich délky 17,5 m.

Ctvrta faze (4d) ~ po dosazeni 60% pevnosti pravé vybetonovaného mezi-
stropu se postup opakuje a je zabetonovan posledni mezistrop.

Pata faze (4e) — za dodrZeni obdobnych zasad a postup( se bedni, armuje a
betonuje horni deska konstrukce.

Sestd faze (4f) — hlavni nosna konstrukce je dohotovena, po patrech (shora
dol0) se demontuiji provizomi podpéry, provadéji se podlahy a na konec se izo-
luje a zasypava horni deska a provadéji se povrchové Gpravy.

Pfi tomto postupu se nejiépe projevily véechny vyhody takto navrzené kon-
strukce a jejiho provadéni. Patii k nim zejména:

- moznost téméF soucasné betonaze stropnich klenbovych desek ve vice Grov-
nich pfi pouZiti prefabrikovaného bednéni;

— vzéjemnd zaménitelnost viech soucasti unifikovaného bednéni;

— pribézna vyroba armoko$( na stavenisti;

— Uplné vylouéeni svaiovani armatury na misté montaze;

~ moznost mechanizované dopravy a ukladani velkych objem( betonu.

Bylo dosazeno rychlosti postupu betondze 90-100 bm za mésic. Ani tato
rychlost v8ak neni pro objekty obdobného typu limitni, jelikoz v tomto pfipadé
doélo ke zdrZeni z divodu stojicich mimo tuto stavbu (stavebni jama byla pouzi-
ta pro vytaZeni &titu, kterym se budoval jiny objekt v blizkosti).

Zcela samostatnym problémem bylo vyfeseni fizenych deformaci plochych
kleneb, s nimiz jsme se dosud nikde nesetkali. V projektu byly pfedpokladéany
dvé stadia pro kazdou klenbu. Primarni (geometrie bednéni) pocitala s navyse-
nim 50 mm ve stiedu rozpéti. Tato hodnota v sobé& zahrnovala:

— deformaci od U¢inku vlastni hmotnosti po odbednéni;
- deformaci vlivem stladeni seviené izolace;
— deformaci od trvalého (konstrukce podiahy) i nahodilého (auta) uZitného zati-

Zeni
— deformaci. vlivem piitizeni vyvolaného zatizenim bednéni vyssiho stopu pi

jeho betonazi.

Sekundarni geometrie je dosaZzeno po doznéni véech deformaci vyvolanych
vypoctovym zatiZzenim. Z toho plyne, Ze vnitini polomér kleneb &ini 45 m, vn&jsi
100 m.

Po odbednéni prvnich sekei bylo zjisténo, ze vlivem viastni hmotnosti a stla-
geni izolaénich péast dosahly deformace hodnoty 25-30 mm, coZ odpovidalo
vypoctim. Dalsi deformace cca 10 mm byla vyvolana deformaci samotného bed-
néni. Jelikoz se bednéni i konstrukce projektovaly sou¢asné, nebylo mozné tuto
hodnotu pfedem Zzjistit. Pfi dalsi vystavbé se proto bednéni osazovalo s nadvy-
Senim 10 mm.

Zpotatku bylo problémem také spravné osazeni provizornich podpér nizsich
stropl pfi betonazi vyssich pater. Jejich pouZiti bylo nutné, aby nedoslo k pre-
krogeni vypoctového zatizeni béhem vystavby. Prvni pouZiti nepfili§ Uinosnych
pruznych podpér ukazalo, Ze celkové deformace rychle narlistaji az na hodnoty
40-50 mm. Upravou projektu provadéni se doséahlo vyloudeni pousiti téchto
nevyhovujicich podpér a problém byl vyfesen.

ZAVER

Vezmeme-li v Gvahu v8echna omezeni a problémy, plynouci z urbanistickych
a inzenyrskogeologickych podminek dané lokality, je dosaZena rychlost vystav-
by daného objektu v Rusku bezprecendentni: hlavni stavebni prace byly zahéje-
ny 5. prosince 1996 a ukonéeny 15, Gervence 1997.

PouZity tvar konstrukce ploché klenby o svétiém rozpéti 17,6 m je zcela jedi-
neény.

Hlavni objemy praci na &tyfpodlaznim podzemnim parkovisti jsou tyto:
~ spotfeba betonu hlavni nosné konstrukce: 86,5 m¥mb
- spotfeba armovaci oceli hlavni nosné konstrukce: 11,1 t/mb
— spotfeba betonu mezistropu: 11 m%m
— spotieba armovaci oceli mezistropu: 156 kg/m®
- spotieba betonu na horni stropni desku: 15,7 m¥m
— spotfeba armovaci oceli na homi stropni desku: 169 kg/m?.

the roof vault and reinstatement and improvement of the site.

The most critical and interesting stage of constructing the vaults commenced
from the day (April 4, 1997) when concrete was laid in the first section of the
lowest floor vault. This stage showed the advantages of the design and con-
struction technology of the new type of lining, among which were:
possibility to lay concrete in the vaults at several levels concurrently using
~ prefabricated steel modular moving form with veneer boarding;

— Interchangeability of all sets of standardized form;

— continuous manufacture on the site of reinforcing space cages of only two
basic types both for floor vaults and roof vault;

— lotal abandonment of welding of reinforcement during assembly;

possibility to mechanize laying of big volumes of concrete mix.

As a result average rate gained at constructing the vaults was 90 through

100 I.m./month. It is not, however, top rate for such type of lining. Construction of

vaults of the underground parking in the Revolution Square was restrained by

standstill in the work caused by the fact that shield used for construction of the

underground pedestrian passage between future parking and trade complex in

the Manege Square was removed from the tunnel and laid in the pit of the con-

structed parking-garage.

Separate problem of construction was to control sagging of sloping uncon-
ventional vault Our design provided for two configurations of each vault. Initial
configuration (configuration of form) allowed for 50 mm construction rise in the
crown. This design value incorporated the following settlements:

— under gravily load of the vault after removal of form;

— caused by vault creep when waterproofing material is trampled down with
abutments;

— from permanent working load (floor, engineering facilities) and live log durati-
on working load (cars);

— from partial transfer of live duration load (form and laid concrete weight) when
concreting the above lying vault.

Vaults acquired derived configuration after stabilization of settlement under
the action of all design loads. Thus internal vault radius made up ~ 45 mm, and
external vault-floor radius XX 100 m.

After removal of form from the vault sections concreted first measurements of
actual combined settlements under gravity load of the vault and vault creep
during trampling down of waterproofing material showed ~ 20-30 mm that cor-
responded to forecast settlement. Further settlement of ~ 10 mm was caused by
deformation of form after laying of concrete mix. This value could not be taken
into consideration as designing of lining and of the form was carried out concur-
rently. As a result, form for concreting newt sections of the vault was assembled
with 10 mm construction rise.

Proper installation of temporary supports which prop up lying below vaults
when concreting above lying vaults caused problems at the initial stage.
Supports of design carrying capacity were required to preclude transfer to the
vaults of loads which exceeded design operating loads. Installation of bendable
low carrying capacity supports led to excess of these loads and 40-50 mm sum-
mary Increase of construction settlements in several concreting sections. At a
later stage when individual design of construction works was urgently elaborated
no more bendable supports were used and thus the problem solved.

Of course first introduction of such an unusual solution brought about a num-
ber of minor problems which the constructors and designers resolved without
mutual reproaches and unnecessary fuss.

It is worthy noting that to compensate for experimental nature of construction
when selecting strong and crack-resisting reinforcement of the lining we emplo-
yed besides standard safety factors also supplementary 1.5 coefficient which
can be reduced if this solution is employed again.

CONCLUSION

Pace of constructing underground parking-garage in the Revolution Square in
complex city designing and construction and geological conditions was unprece-
dented for such type of structures in Russia. Major construction and mounting
works starled December 5, 1996 and were completed — July 15, 1997,

17,6 m span clearance of employed configuration of the sloping vault has no
analog.

Four-level vault lining of the underground parking-garage in the Revolution
Square has the following characteristics:

— consumption of concrete for lining 86,5 m?

- consumption of reinforcing-bar steel for lining 11,1 th.m

— consumption of concrete per vault-floor 11 m’/m

— consumption of reinforcing-bar steel per vault-floor 156 kg/m®

- consumption of concrete per vault-roof 15,7 mm

— consumption of reinforcing-bar steel per vauit-roof 169 kg/m’
Middle speed of the vaults concreting — 90-100 m/month.
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NAVRH PRICNEHO REZU TUNELU
S OHLEDEM NA MOZNA KOLIZNi MiSTA
S PRUJEZDNIM PRUREZEM

DESIGN DRAFT OF THE TUNNEL CROSS SECTION
WITH RESPECT TO POSSIBLE COLLISION PLACES
WITH THE TRAFFIC CLEARANCE

ING. LADISLAV PAZDERA

Pfi navrhu tvaru osténi tunelu se vychazi z toho, Ze konstrukce osténi a vSech-
na technologicka zafizeni osazena na jeho povrchu, nezasahuiji po skonéeni a
ustaleni deformaci a k pfihlédnuti k nepfesnostem, co prijezdniho prifezu.

Dodrzeni této podminky vyZzaduje, aby pfi ndvrhu kazdého konkrétniho tune-
lu, charakterizovaného kategorii tunelu, dopravnim zatizenim, délkou a spadem,
byla vytypovana a vyfesena vSechna kolizni mista s priijezdnim prifezem, ktera
mohou nastat,

Obecné se v pfi¢ném Fezu silniéniho tunelu vyskytuji nasledujici kolizni mista:
a) mezi osténim a skosenou ¢asti prijezdniho prifezu v horni ¢asti,
b) na boku nad chodnikem, kde jsou umistény dopravni znacky,
) mezi télesem osvétleni pod mezistropem,
) mezi znackami pod mezistropem,
) mezi ventilatorem podélného vétrani pod mezistropem,
f) mezi technologickym zafizenim na boku,
g) v kabelovém kanalu zpisobené zmensenim Sitky o mezni odchylku.

Rozhodujici ¢ginitelé, které ovliviuji zadsadné rozmeéry tunelu a polohu lice

sekundarniho osténi jsou nasleduijici:

— prljezdni prafez tunelu,

— systém vétrani,

— umisténi dopravnich znagek a zafizeni na boku tunelu,
— umisténi osvétleni a technologie v horni ¢asti tunelu,
— vedeni siti v podélném sméru

— mezni odchylky lice osténi,

— inzenyrskogeologické pomeéry a vyska nadloZi,

— polomér smérovych obloukd,

— koneéna povrchova Uprava stén stropu,

— zvlastni pozadavky investora.

Préjezdni prifez tunelu je zékladnim podkladem pro navrhu tunelu. Stanovuje
se v zavislosti na kategorii tunelu, navrhové kategorii, tfidé, dopravnimu vyzna-
mu a smérovému oblouku komunikace. Novelizovana CSN 73 7507 celou fadu
parametr( uvadi do relaci, jaké jsou bézné v sousednich zemich. Zakladni vys-
ka h prljezdniho prifezu se snizuje z 4,80 m na 4,50 m, vypousti se 10 cm zvy-
Seni vysky kvali opravam vozovky.

Systém vétrani, odpovidajici dopravnimu zatizeni, délce, spadu a poloze por-
talu, vyrazné ovliviiuje rozméry pfiéného fezu a to zejména pii mezistropu.
Systém vétrani je nutno stanovit na zakladé podrobného vypoétu jiz u studie,
upfesfiovat je mozno bé&hem dalSich stupia.

Poloha znadek a jejich velikost je nutno stanovit na zékladé rozpracovani kon-
cepce dopravniho systému. Znacky je mozno umistit do prostoru na boku nad
chodnikem a nebo nad jizdni pruhy. Pfi jejich rozmisténi se pfihliZi, aby jejich veli-
kost a poloha nezplsobily nepfiméfené zvySeni plochy tunelu. Nezanedbatelna
je i moznost pouZit rizné veliké znatky — 50 cm, 70 cm, 90 cm. Pfi zmensené
znadce je nutno dokladovat projednéni a schvaleni minimalné s investorem.

Pfi umisténi osvétleni a technologickych zafizeni pod mezistropem se vedle
piipustnych neptesnosti viastni konstrukce mezistropu, zohlednf i prihyb od pe-
tlaku v kanalu.

Veden/ siti v kanalu pod chodniky, na bocich nebo v kolektoru, je nutno sta-

c
d
e

Any design draft of a tunnel lining shape must be based on the precondition
that the lining and all technological facilities installed on its surface must not inter-
fere in the traffic clearance after any deformation is stabilized and with respect to
all inaccuracies.

To observe said precondition, it is necessary to find out and to solve all pos-
sible collision places as to the traffic clearance, which may appear. It must be
done always when designing every particular tunnel characterized by the tunnel
category, by the traffic intensity, length and slope.

The following collision places take place generally in the cross section of a road
tunnel:

a) between the lining and the bevelled part of the traffic clearance, in its upper
part,

b) on the side over the sidewalk, where traffic sighs are placed,

c) between the lighting fixture under the suspended ceiling slab,

d) between traffic signs under the suspended ceiling slab,

e) between the longitudinal ventilation fan under the suspended ceiling slab,

f) between the technological facilities on the side walls,

g) in the cable channel caused by diminishing the width by the limit deviation.

Decisive factors, affecting fundamentally tunnel dimensions and the position
of the secondary lining face, are as follows:

— ftraffic clearance of the tunnel,

— ventilation system,

— situating of traffic signs and facilities on the tunnel side,

— situating of lighting fixtures and technological elements in the upper part of the
tunnel,

— mounting of networks in the longitudinal direction,

— limit deviation of the lining face,

— engineering-geological conditions and the depth of the overburden,

— radius of direction bends,

— final surface treatment of the walls and ceiling,

— special owner’s requirements.

The traffic clearance of the tunnel is the fundamental basis for the tunnel
design. It is determined in dependence upon the tunnel category, the design
category, the class, the transport importance and the radius of direction curve of
the road. The amended standard CSN 73 7507 adapts many parameters into
relations as they are usual in neighbouring countries. The basic height h of the
traffic clearance is decreased from 4.80 m to 4.50 m, the 10 cm hight increase
due to roadway repairs is omitted.

The ventilation system corresponding with the traffic intensity, length, slope
and portal position affects considerably dimensions of the cross section, viz. par-
ticularly as to the suspended ceiling slab. The ventilation system must be deter-
mined on the basis of a detailed calculation in the study stage. Any modification
can be done during further stages.

The position of traffic signs and their size must be determined on the basis of
the traffic system concept. The sighs can be placed in the space on the side over
the sidewalk or over the driving lanes. When distributing them, it is necessary for
their size and position not to cause an inadequate enlarging of the tunnel area.
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novit na zakladé rozpracovani technologie a koordinace vedeni kabelll podle
pozadavk{ investora. Neprovedeni tohoto fedeni, spolu s moznym zmensenim
kanalu o mezni odchylky, miZe byt zdrojem komplikaci pii zpracovani provadéci
technologické dokumentace a vlastni realizace,

Smérova a vySkova poloha bodu lice sekundarniho osténi jsou parametry, kte-
ré jsou v projektu uréeny ke kontrole pfesnosti. Proto tak, jako pro kazdou jinou
konstrukci a zafizeni, je nutno i pro sekundarni osténi stanovit piipustné mezni
odchylky. V hodnoté meznf odchylky je zohlednéna skutecénost, Ze nejde jenom
o realizaci vlastni konstrukce, ale Ze osténi tvoif liniovou stavbu s vazbou na pro-
jektovanou osu komunikace. Obecné je velikost meznich odchylek déana CSN,
ale s ohledem na specifi¢nost konstrukce osténi, doporuuje se stanovit tuto
hodnotu spole¢né s investorem. Obvykla velikost téchto meznich odchylek se
pohybuje od £ 50 mm do + 100 mm. Dale doporucuiji, aby jejich skute¢nost byla
pro lepsi uvédoméni a zviditelnéni zakreslena do vzorovych pficnych fezl, S
hodnotou R - m, je nutno poéitat pfi rozmisténi technologického zafizeni.

Inzenyrskogeologické poméry a vyska nadloZi v konkrétnim misté podélného
profilu ovlivni pfes deformaci hominy polohu primarniho osténi a tim i nepfimo
polohu rubu sekundérniho osténi. Nevhodné stanovené prevyseni vyrubu pfi
vlastni razbé, kdy skute¢nd deformace hominy pfevysuje zvolené prevyseni a
mezi odchylky, je nutno odstranit ihned nebo aZ pfi kontrole pred pokladkou izo-
lace. Nemélo by se to projevit na nepfipustném prekroéeni mezni odchylky. Tento
problém ale neni problém projekce ale dodavatele.

Vliv smérového oblouku se projevi pii polomérech mensich nez 320 m rozéi-
fenim Sitky vozovky mezi obrubniky, zvét§enim pii¢ného sklonu a rozsitenim pri-
jezdniho prlfezu v ¢asti AB. Je nutno posoudit polohu konkrétnich zafizeni vici
prijezdnimu prifezu nejenom pro pfimou, ale pro levy a pravy oblouk.

Investor mlize, mimo standardnf vybaveni a rozmisténi technologickych zafi-
zeni a prijezdniho prifezu podie CSN 73 7507, vyZadovat nékteré daldi poZa-
davky. Jde napfiklad o zaji$téni mimoradné vysky pro prijezd vysokého nakla-
du, umisténi pozarniho vodovodu mimo prostor pod chodnikem, vybudovani

PROUDOVY VENTILATOR
AIR FLOW FAN

MOZNA POLOHA DOPRAVNI ZNAGKY
POSSIBLE POSITION OF TRAFFIC SIGN:

W T

It may be also advantageous to apply various sizes of the traffic marks, viz. of
dia 50 cm, 70 cm for 90 cm. If diminished traffic marks come in question, it must
be documented that the case was discussed with and approved at least by the
investor.

When placing the illumination and the technological equipment under the sus-
pended ceiling slab, one must take into consideration not only allowed inaccura-
cies of the proper infermediate ceiling slab but the deflection caused by overp-
ressure in the channel as well.

The mounting of networks in channels under sidewalks, on sides or in the uti-
lity duct must be determined with respect to the applied technique and to the
coordination of cable placing in accordance with client's requirements. If it is not
done in this way, it may be, together with diminishing the channel by limit devia-
tions, a source of complications both during the elaboration of the working tech-
nological documents and the proper realization.

The direction position and the elevation of points of the secondary lining face
represent the parameters designed in the design for inspecting the accuracy.
That is why it is important, as for every other structure and equipment, to set limit
tolerances even for the secondary lining. In the value of the limit tolerance there
must be taken into consideration the fact that it concerns not only the tunnel
structure realization, but that the lining forms a line structure work with a mutual
relation to the designed road axis. The tolerance value is generally laid down in
the standard CSN, but with respect to the specificity of the lining design, it is
recommended for said value to be set together with the owner. The usual value
of said limit tolerances varies from + 50 mm to + 100 mm. | also recommend for
their real value to be drawn in typical cross sections, because in such a way they
will become unforgettable and more evident. The value R — m, must be taken into
consideration when laying out technological equipment.

Engineering-geological conditions and the overburden depth in a particular
place of the longitudinal profile affect, through the rock deformation, the position
of the primary lining, and in this way indirectly the position of the secondary lining
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Obr. 1

Priény fez silni¢nim tunelem s vyzna¢enim moZnych koliznich mist prijjezdnim prafezem, osténim a technologickym zafizenim,
Road tunnel cross section with marking of potential coliision places between the traffic clearance, the lining and the technological equipment.
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kolektoru pro vedeni siti pod vozovkou. Tyto poZadavky se projevi v pficném fezu
jinym uspofadanim technologického zafizenf a nebo zvétSenim rozméru tunelu.

Koneéna povrchova Uprava stén v pfipadé provedeni keramického nebo jiné-
ho obkladu nenf zcela rozmérové zanedbatelna a méla by se v pfipadé pouziti v
ndvrhu zohlednit.

Revidovana CSN 737507 problematiku navrhu s ohledem na prijezdni pra-
fez, technologicka zafizeni, pfipustné mezni odchylky, fedi. Zavadi a definuje
nové pojmy — svétly prliez tunelu, pfipustnou mezni odchylku a tolerance. Svétly
priifez tunelu je poloha lice konstrukce osténi stanovena s ohledem na piipust-
né mezni odchylky. Pfipustna mezni odchylka je pak hodnota, o kterou je mozno
zvétsit nebo zmensit geometricky rozmér, v naem pfipadé poloha lice tunelu,
aniz by doslo k nezadoucim zménam.

Tento piispévek je pokusem o komplexni pohled pfi navrhu pfiéného fezu sil-
ni¢niho tunelu. Optimalni, bezkolizni névrh piicného fezu tunelu nenf jenom jed-
norazovou zdleZitosti a neni viibec zalezitosti jenom tunelafe, ale je to Cinnost
ktera zastieSuje praci celé fady technologickych profesi. Vlastni svétly prifez
tunelu se stanovi nebo opétovné posoudi po shromazdéni véech novych nebo
aktualizovanych podklad(i jako obalova kfivka prljezdniho prifezu zvétseného o
technologicka zafizeni s minimalni plochou vyrubu a pfijatelnd pro tvar konstruk-
ce pojizdného bednéni sekundamiho osténi. Projektovany tvar lice osténi se
postupné béhem podrobnéjsich stupnitl projektl upfesiuje. Definitivni podobu by
mél dostat v dokumentaci pro zadani stavby, kdy je podkladem pro vypracovani
nabidky dodavatele a podkiadem pro provadéci dokumentaci.
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reverse side too. If the camber of the excavation is determined inconveniently for
the driving proper in such a way that the real deformation crosses the selected
camber and the limit tolerances, the superfluous material must be removed
immediately or during the inspection before installation of the insulation. By no
means should inadmissible crossing of the limit tolerance remain unrepaired.
This is, though, not the problem of the designer but of the contractor.

The influence of the direction curve will appear, if it concerns radii smaller than
320 m by widening the roadway between kerb stones, by increasing the cross
slope and by enlarging the traffic clearance in the part AB. It is necessary to
assess the position of the particular equipment with respect to the traffic clea-
rance not only for a direct alignment, but for a left and right-side curve as well.

The investor, besides usual facilities and layout of the technological equip-
ment, and the traffic clearance according to the standard CSN 73 7507, may ask
for fulfilling further requirements, such as ensuring of an extraordinary clearance
for passage of a high load, situating of fire water mains outside the space under
sidewalks, building of a utility channel for placing networks under the roadway.
Said requirements will appear in the cross section in another arrangement of the
technological equipment and/or enlarging the tunnel dimension.

The final surface treatment of walls, in case of a ceramic or other lining, is not
neglectable as to dimensions, and it should be taken into consideration in the
design, if it is to be applied.

The amended standard CSN 73 7507 solves said problem with respect to the
traffic clearance, technological equipment and allowed limit deviations. It intro-
duces and defines new concepts such as the inner diameter of the tunnel, the
allowed limit deviation and tolerances. The inner diameter of the tunnel is the
position of the lining face determined with respect to allowed limit deviations. The
allowed limit deviation is the value by which the geometric dimension, in our case
the position of the tunnel soffit can be enlarged or diminished, without occuran-
ce of undesirable changes.

The aim of this article resides in presenting a complex view concerning the
design of a road tunnel cross section. The optimum design of a tunnel cross sec-
tion without collisions is not only a matter for a tunneling specialist, but it is an
activity which relates to many technological professions. The net tunnel section
proper is determined or re-assessed after accumulating all new or updated data,
such as the enveloping curve of the traffic clearance, enlarged by various tech-
nological equipment, with a minimum excavated profile, and acceptable for the
shape of travelling forms for the secondary lining. The designed shape of the
lining face will be made more accurate during more detailed stages of the design.
It should have the final form in documents for tendering, when it is the basis for
elaborating both the contractor’s offer and the working design.

Prevydeny vyrub
Camber

~
A ————

’ QTN e o
LSmér deformace horniny I

Direction of rock deformation
- B LD e L L T T PN eaem s
i -

—_
S

Primarni osténi

Podkladni vrstva 25 mm
Basic layer 25 mm

QOdstranéni stfikaného betonu

L. pies mezni odchylku
Removing of shotcrete beyond

Skuteéna poloha sekund.  the fimit deviation

osténi po dotvarovani

Actual position of secon-

dary lining after the creep

Relace mezi pfevyenym vyrubem, piipustnymi meznimi odchylkami primamiho a sekundarniho osténi a podkladnf vrstvou pod izolac.
Relation between the exagerated excavation, allowed limit deviations of the primary and secondary lining and the basis layer under the insulation.




re

8. ROCNIK, ¢. 1/99

37

Tunel

PEVNOSTNi A DEFORMACNI VLASTNOSTI
VYSOKOPEVNOSTNICH BETONU

STRENGTH PROPERTIES AND DEFORMATION ONES
OF HIGH-STRENGTH CONCRETE

DOC. ING. MICHAIL LEMBAK, CSC., MINING UNIVERSITY OSTRAVA
DOC. ING. JULIJ KOTETKOV, CSC., STATE UNIVERSITY — TECHNICAL UNIVERSITY, LVYOV

V pfispévku jsou popsany nékteré vysledky experimentalnino vyzkumu pev-
nostnich a pfetvarnych viastnosti vysokopevnostnich betond pii jednoosém kréat-
kodobém namahéani. Uvedeny jsou vysledky zkousek krycheiné a hranolové pev-
nosti v zavislosti na stafi betonu, pevnosti betonl v tahu a moduly pruznosti.

Jiz z praci Walze [1] vyplynulo, Ze Ize v podminkéach bézné vyroby realizovat
vyrobu betont o pevnosti 60 az 80 MPa. Jemu se podafilo vyrobit betony o pev-
nosti 140 MPa, pouzitim tfidéného bazaltového kameniva a vysoce aktivniho
cementu.

Prof. Berg [2] ve své fundamentalni praci proanalyzoval fyzikalné mechanické
a pfetvarné vlastnosti betonl vysokych pevnosti pfi kratkodobém a dlouhodo-
bém zatiZeni a dospél k zavéru, ze pouzitim téchto betond se docili znacnych
Uspor stavebnich materialt odhmotnénim konstrukci, zejména velkych rozpon.

Pravé z tohoto hlediska by dkolem nasich stavebnich odbornika mélo byt
zabezpeceni hromadného pouZiti téchto betonl ve stavebnictyi.

Ve vyrobnach betonovych prvkl a konstrukei u nas Ize pokladat za reélnou
moznost vyroby téchto prvkli z betonu tiidy B60 az B8O pii pouZiti vysokopev-
nostnich cementl pevnostnich tfid 52,5 a 52,5 R a kameniva z mistnich zdrojd.
Pro rozpracovani konkrétnich legislativnich podkladii pro navrhovéni, projekto-
vanf a vyrobu téchto betond a z nich vyrobenych prvkii a ekonomicky efektivnich
konstrukénich schémat objektl a konstrukei je vak nutno provést specializova-
ny program experimentalniho vyzkumu. V tomto sméru véak mizeme dnes
vychézet prakticky jen ze zahraniénich vysledkd vyzkumu.

Podle nézord riznych zahraniénich odbornikli umoZziuje zvyseni pevnosti
betonu na 60 az 80 MPa snizit hmotnost i objem konstrukei v priméru o 25 % a
timto vyrazné snizit cenu téchto konstruket [2, 3].

V posledni dobé uZiti vysokopevnostnich beton(i v zahranidi je znaéné, o Semz
sved¢i rizné védecké konference na toto téma [4, 5, 6], aviak u nas aplikace
tohoto betonu prozatim je ve stadiu vyhledavaciho vyzkumu.,

Experimenty provedené na Statni univerzité — Lvovska polytechnika ukazaly,
Ze nejsnaze |ze v podminkach primyslové vyroby vyrdbét vysokopevnostni beto-
ny s pouzitim velmi rychle tuhnoucich cementd. V tabulkdch &. 1 a 2 jsou uve-
deny vysledky experimentéiniho ovéfenf fyzikainé mechanickych viastnosti téch-
to beton(l, provedeného na krychlich o hrané 200 mm a na hranolech o rozmé-
rech 200 x 200 x 800 mm.

In this article, there are described some resuits of the experimental research
of strength properties and deformation ones of high-strength concrete during a
single-axis short-term stress. There are mentioned test results of cube strength
and prism strength in dependence upon the concrete age, upon tensile strength
of concrete and moduli of elasticity.

From works of Walz [1] resulted that it is possible to realize the production of
concrete of strength value 60 to 80 MPa even in conditions of a usual producti-
on. He was successful in producing concrete of strength equal to 140 MPa, when
he applied graded basalt aggregates and high-active cement.

Prof. Berg [2] in his fundamental work analyzed physical-mechanical and
deformation properties of high-strength concrete during a short-term and long-
term stress, and he came to the conclusion that, when applying such concrete,
one can save a considerable quantity of material by decreasing the structure
weight, especially if it concerns large spans.

Just from this point of view it should be the task of our building specialists to
ensure a mass application of said concrete in the civil engineering.

In plants for manufacturing concrete elements and structures in our country,
one may suppose as a real possibility fo produce said elements of concrete,
class B60 up to B8O, when applying high-strength cements, strength class 52.5
and 52.5 R and aggregates from local sources. For a detailed specification of
particular legal documents for designing and manufacturing said concrete and
elements made of it, as well as of economically effective design diagrams of buil-
dings and structures it is, though, necessary to perform a specialized program-
me of the experimental research. But at present, we can base our knowledge
only upon foreign research results.

In opinions of various foreign specialists, the increase of the concrete strength
to 60 up to 80 MPa enables to decrease the weight and volume of structures in
average by 25 %, and in this way to decrease the price of these structures too
2 3]

The application of high-strength concrete abroad was considerably high in last
years which was proved on various scientific conferences concerning this pro-
blem [4, 5, 6], but in our country the application of this concrete is for the time
being in the stage of research.

Experiments performed in the State University — Technical University Lvov
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Zkusebni télesa |. série byla provedena z betonu tfidy B50 ve sloZeni 1 ku
0,71 : 2,80 (dle hmatnosti) pfi vodnim souiniteli v/c = 0,33 s pouZitim obycejne-
ho portlandského cementu pevnostn tiidy 50 a Il. série z betonu tiidy B75 ve slo-
Zzeni 10,83 : 2,35 pii v/c = 0,30 s pouzitim velmi rychle tvrdnouciho cementu
pevnostni tidy 70. Pro obé série téles se pouZil kiemidity pisek a Zulova drt' s
max. frakei do 25 mm.

Na obr. &. 1 je zndzomén narlist pevnosti betonu v Case. Z uvedenych expe-
rimentalnich hodnot a grafického znazornéni vyplyva, Ze vysokopevnostni beton
zhotoveny ze zvlast rychle tuhnouciho cementu dosahuje jiz v prvnich dnech
tvrdnuti znacné vyssich hodnot pevnosti v tlaku ne betony zhotovené z obycej-
ného portlandcementu, Jiz po 1 dnu &ini pevnost v tlaku vysokopevnostniho
betonu 2,8nasobek pevnosti obyéejného betonu a ve stafi tii dnl 2,2nésobek,
coZ inf souéasné 67 procent pozadované 28denni pevnosti, zatimco u obycej-
ného betonu je ve stejném stéii dosazeno jen 45% 5hcu,28.

Rychlého nardstu pevnosti vysokopevnostniho betonu jiz v prvnich dnech pro
vybetonovani lze s Gspéchem vyuzit bud pro dfivéjsi zatizeni konstrukei z téchto
beton(i vyrobenych nebo pro prenos Uéinki pfedpéti na beton. Uvedené vyhody
umoziiuji znaéné zkratit Ihity vystavby a v nékterych pripadech mohou dokonce
| odstranit nutnost propafovani Zelezobetonovych prefabrikatli, coz ve svém
diisledku umoZriuje realizovat znagnou Usporu energie.

Z vysledk( prezentovanych zkousek rovnéz vyplyva, Ze k jesté intenzivnéjsi-
mu nartistu fyzikalng mechanickych vlastnosti vysokopevnostniho betonu docha-
zi u jeho pevnosti v tahu (viz fab. &. 2, obr. ¢. 2). JiZ prvni den dosahuje pevnost
vysokopevnostniho betonu v tahu Rbtu 71,7 % koneéné (28denni) pevnosti v
tahu a za tfl dny &ini tento podil 0,835 Rbtu,28. Pii tvrdnuti vysokopevnostniho
betonu v piirozenych podminkéch Ize tedy uvazovat v priméru cca osmdesati-
procentni pevnost v tahu ve srovnani s poZadovanou tfidou betonu.

Znadné prevydeni pevnosti v tahu vysokopevnostniho betonu ve srovnani s
oby&ejnym betonem v &ase 1 pfispivd k vyraznému zvy$eni hodnoty momentu
vzniku trhlin @ zmendeni pfetvamosti konstrukei a prvk( zhotovenych z tohoto
materidlu.

Pevnost betonu v tahu podle vysledkd zkousek se pomérné dobfe shoduje s
pevnosti vypodtenou podle znamého Ferétova vzorce pro obyCejné betony,
zatimeo u vysokopevnostniho betonu jsou tyto teoretické hodnoty 1,2krat mensi
nez skuteéné pevnosti experimentaliné zjisténé (viz obr. &. 3). Rovnéz hranolové
pevnosti vysokopevnostniho betonu (viz tab. &. 1) pfesahuiji znatné tytéz hodno-
ty u oby&ejného betonu, a to v libovolném stafi betonu. Nezavisle na staff beto-
nu Ize hranolovou pevnost uréit ve shodé s vysledky experimentu nejlépe dle
vzorce Skramtajeva:

R.. = 0,7 R,,, MPa
Znamy Grozdéviy vzorec — R,, = 130 + Ry, 145 + 3R, Ry,

udava ponékud snizené vysledky ve srovnani s experimentalnimi hodnotami (viz
obr. €. 4).

Modul pruznosti vysokopevnostniho betonu experimentélné zjistény pfi
o = 0,2 R,, velmi dobfe vyhovuje vzorci:

E, = 6000 VR,,,, MPa

Hodnoty modulu pruznosti vypoétené podie Grafova vzorce

100 000
E,= -~ MPa
"7 o
jsou v souladu s experimentalnimi hodnotami pro obyéejné betony, véak znatné
niz&i nez tyto hodnoty pro vysokopevnostni betony (viz obr. &. 5a) pfi 6 = 0,2 R,,,

proved that the easiest way how to produce high-strength concrele in conditions
of an industrial production is to apply very quickly setting cements. Results of the
experimental verification of physical-mechanical properties of said concrete, per-
formed on cubes of the 200 mm long edge and on prisms of dimensions 200 X
200 x 800 mm, are mentioned in tables No. 1 and 2:

Test piaces of the first series were made of concrete, class B50, in the com-
position 1: 0.71 : 2,80 (with respect to weights), at a cement-water ration w/c =
0.33, when applying usual portiand cement of the strength class 50, and test pie-
ces of the second series were made of concrete, class B75, in the composition
1:0.83:2.35 at w/c = 0.30, when applying very quickly setting cement of the
strength class 70. For both series of specimens there was applied quartz sand
and crushed granite with maximum fraction up to 25 mm.

On Fig. No. 1 there is shown the strength increase in time. From the menti-
oned experimental values and graphical demonstration it is evident that the
high-strenglh concrete made of especially quickly setting cement achieves,
already in first days of setting, considerably higher values of the crushing
strength than concrete made of a usual portland cement. Already after one day,
the compression strength of the high-strength concrete is 2.8 times higher than
the strength of a usual concrete, and in the age of three days it is 2.2 times hig-
her, which at the same time represents 67 % of the required 28 day strength,
while as to the usual concrete of the same age, it represents only 45 %
Rbcu,28.

The quick strength increase of the high-strength concrete in the first days after
concreting can be successfully utilized either for an earlier loading of structures
made of said concretes or for transferring prestress effects onto concrete. The
mentioned advantages make it possible to shorten considerably construction
terms and in some case they may even remove the necessity of steam curing of
precast segments made of reinforced concrete, which makes it possible to save
much power.

The results of presented test also proved that even more intensive increase of
physical-mechanical properties of the high-strength concrete takes place at its
tensile strengih (see Tab. No. 2, Fig. No. 2). Already in the first day, the tensile
strength of the high-strength concrete achieves the value Rbtu 71.7 % of the final
(28 days) tensile strength and within tree days achieves the value Rbtu,28 0.835.
If the high-strength concrete is sefting under natural conditions, one may consi-
der in average about 80 % tensile strength with respect to the required concrete
class.

The considerable higher tensile strength of the high-strength concrete, when
compared with the usual concrete in the time 1, contributes to a considerable
value increase of the moment of the fissure rise and to decreasing deformation
of structures and elements made of this material.

The tensile strength of concrete according to tests is approximately the same
as the strength calculatated according to the known Ferét's formula for usual
concrete, while said theoretical values for the high-strength concrete are 1.2
times lower than the real strengths, found out experimentally (see Fig. No. 3).
Prism strengths of the high-strength concrete (see Tab. No. 1) are also conside-
rably higher than the same value of the usual concrete, viz. in any age of conc-
rete. The best way for determining the prism strength in accordance with experi-
ment results, independently upon the concrete age, is to apply the Skramtajev's
formula:

R,, = 0,7 Ry, MPa
The known Grozdév's formula R,,, = 130 + R,,, 145 + 3R, R...

provides a little decreased results in comparison with experimental values (see
Fig. No. 4).
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ale dobfe koresponduiji s experimentalnimi hodnotami pro vysokopevnostni beto-
ny pfi 6 = 0,5 R,, (viz obr. &. 5b).

Vyzkumem bylo rovnéz prokdzano, ze zvy$eni pevnosti betonu na bazi rych-
letuhnouciho cementu s asem vede ke zmensent plastickych deformaci, které v
podstaté maji maly podil v celkovych deformacich vysokopevnostniho betonu.

ZAVERY
Rast pevnosti betonu na bazi rychletuhnouciho cementu je zna&né intenziv-

néj$i neZ u betonl vyrobenych s pouZitim portlandského cementu. Jiz ve stafi 3
dnl pevnost betonu je velmi blizka hodnota R .

The modulus of elasticity of the high-strength concrete found out experimen-
tally at ¢ = 0.2 R,, corresponds very well with the formula

E, = 6000VR,,., MPa

Values of the modulus of elasticity calculated according to Graf's formula
100 000
E, = , MPa
7+
are in accordance with experimental values for usual concrete, but considerably
lower than these values for high-strength concrete (see Fig. No. 5a) at 6 = 0.2 R,,

Pevnost téchto betond v tahu je znalné vyssi, neZ stejna pevnost betond z  but they are well comparable with experimental values for high-strength concre-

portlandského cementu. Ve stafi 3 dna dosahuje tato pevnost zhruba 0,8 R, -

te at 6 = 0,5 R,, (see Fig. No. 5b).
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Veelku miiZzeme konstatovat, Ze zvySovani pevnosti betonu v konstrukeich a
prvcich umoZfiuje tedy snizovat hmotnost nebo zmengovat rozméry konstruké-
nich prvkil a ekonomicky vyuZzivat vlastnosti obou slozek — betonu i vyztuzne
oceli.

LITERATURA

[1] Walz, K.: Uber die Herstellung von beton héchster Festigkeit. ,,Beton,, 16,
Jg., N. 8, 1966.

[2] Berg, O. J. a kol.: Vysokopro¢nyj beton, Moskva, 1971.

[3] Lembak, M., Klouda, J.: Zelezobetonové konstrukce z vysokopevnostnich
betont. Novinky pozemniho stavitelstvi, VVUPS Ostrava, ¢. 2, 1978.

[4] Apllication of High Performance Concrete — Report of the Joint CEB-FIP
Working Group, 1994.

[5] High Performance Concrete-Recommended Extensions to the model Code
90 — Research Needs, 1995.

[6] Design Aspects of High Strenght Concrete, Special Session Dubrovnik,
1989.

Tab. ¢. 1

Trida belonu a série Charakt

zkus. teles eristika, Stafi betonu ve dnech

Concrele class and MPa Age of concrete in days

series of test pieces Charact
erfstics
MPa 1 3 7 14 | 28 60 90 | 180
Ry 13,5 | 22,7 | 36,4 | 43,0 | 502 | 507 | 51,2 | 515
Ruu 129 | 165 | 27,6 | 303 | 35,7 | 358 | 402 | 41,0

B50-I Rety 126 | 196 | 281 | 302 | 313 | - | 323
Ru/As | 0,995 (0,726 | 0,760 | 0,705 | 0,711 0,707 | 0,776 | 0,806
E,10° 235|305 | 345|368 | 41,0 | 41,8 |4400] 471
Ry 376 | 497 | 58,1 | 64,1 | 743 | 752 | 754 | 757
Ruw 269 | 351 | 425 | 36,3 | 548 | 58,1 | 57,0 | 58,4

B75-Il B 3,466 | 4,060 | 4,460 | 4,660 | 4,840 | ~ | 4,830 | 4,870
R,/Ry, | 0,716 | 0,706 | 0,730 | 0,727 | 0,738 | 0,773 | 0,756 | 0,771

E,10-3 | 40,56 | 437 | 46,5 | 484

Porovnani fyzikéiné

s e Rueu/Ro | 2785 | 2,189 | 1,596 | 1,49 | 1,48 | 1,483 | 1,473 | 147

betonul.all.séie | g o 12085 | 2127 | 154 | 1,528 | 1,535 | 1,623 | 1,418 | 1424

Comparison of physical

- mechanical properties | A, JR,, | 2,75 | 2,071 | 1,567 | 1543 | 1,546 | - |1495| 15

of concrete of the Ist

and lind series in time E./E, 1,723 11,433 (1,348 | 1,315 | 1,195 | 1,148 | 1,129 | 1,11

Tab. €. 2

Rozvoj fyzikal. Staif betonu ve dnech

mechanickych viastnosti Age of concrete in days

betonu |. a Il. série

v Case 1|3|7|14|28‘60\90|1SO

Development of physical

— mechanical properties Rocue Rocuze

of concrete of the fst

and find series n tine | ) 0,269 | 0,452 | 0,725 | 0,856 | 1,000 | 1,010 | 1,020 | 1,025
I 0,506 | 0,670 | 0,783 | 0,865 | 1,000 | 1,010 | 1,012 | 1,020

Ras A

| 0,402 | 0,626 | 0,897 | 0,965 1,000 =~ (1,030 1,060
I 0,717 0,835 0,919 0,960 | 1,00 - 11,000|1,010

The research also proved that the strength increase of concrete on the basis
of a quick-setting cement causes an increase of plastic deformations which, in
fact, represent a small portion of total deformations of the high-strength concrete.

CONCLUSIONS

The increase of concrete strength on the basis of a quick-setting cement is
considerably more intensive than as to concrete produced with application of
portland cement. Already in the age of 3 days, the concrete strength is very near
the value Rbcu,28.

The tensile strength of this concrete is considerably higher than the same
strength of portland cement. In the age of three days, this strength achieves app-
roximately 0.8 Rbtu,28.

It may be stated that the increase of the concrete strength in structures and
elements makes it possible to decrease the weight or diminish dimensions of
structural elements and to utilize economically properties of both components —
concrete and reinforcing bars.
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DIANA NEBYLA JEN BOHYNE LOVU

ING. JIRI KAZDA, CESKE DRAHY, S. O.

DIANA WAS NOT ONLY THE GODDESS
OF HUNTING

Mlada Eeskoslovenské republika po rozpadu Rakouska-Uherska v r. 1918 pie-
vzala Zeleznitni sit orientovanou pfevazné na hlavni mésto byvalého c. a k. moc-
nafstvi — Viden, tj. severojiznim smérem. Hospodéaiské i politické pozadavky
nové vznikiého stétu, jehoz Uzemi bylo vyrazné protazeno v rovnobézkovém
sméru, 1j. ve sméru vychod-zapad, vyZadovaly v8ak lepsi spojeni s vychodnimi
¢astmi nové vzniklé republiky, se Slovenskem a s Podkarpatskou Rusi. Spojeni
hlavniho mésta Prahy s moravskou metropoli Brnem a s Bratislavu ptes Ceskou
Trebovou rovnéz pIné nevyhovovalo hospodaiskym, ani vojensko-politickym
pozadavkdm. Proto byla pfijata nova koncepce a posléze byl vypracovan projekt
nového spojeni Prahy s Brnem pies ¢eskomoravskou vrchovinu se zcela jinym
vedenim dvoukolejné rychlikové trasy mezi Havlickovym Brodem (df. Némeckym
Brodem) a Ti8novem, misto dosavadni Udoini trasy s nevyhovujicimi smérovymi
a vySkovymi poméry, kopirujici z velké ¢asti siiné meandrujici tok feky Sazavy.

Pfipravné prace na nové trase byly zapocaty v . 1938 a stavebni prace pak
byly zahdjeny v roce 1939, kdy se jiz schylovalo k zagatku druhé svétové valky.
Préce na stavebnim Useku z Ti§nova do Rikonina byly zadany firmé Ing. Zdengk
Kruli§ a na stavebnim Gseku z Rikonina do Nihova firmé Ing. Bedfich Hlava. Obé
tyto firmy byly po 2. svétové vélce zadlenény do narodniho podniku Stavba silnic
a zeleznic Praha, zavod Baraba.

Na Useku firmy Ing. Z. Kruli§ byl raZzen u Dolnich Lougek nejdelsi ze tfi dvou-
kolejnych tuneld u Tisnova, tunel Loucsky, dl. 633 m. Tunel byl razen v pomé&rné
kompaktnim rulovém masivu modifikovanou rakouskou metodou, s vyjimkou por-
tall, budovanych v otevienych jamach. Smérova $tola byla razena s obou stran
a z ni byly provadény dostropni zalomy s priibéZznymi stojkami. V pribéhu razby
nebyly zjistény zvlastni tlaky na vydfevu.

Na Useku firmy Ing. B. Hlava byly raZeny dva tunely a sice u Lubného tunel dél-
ky 213 m a u Nihova tunel délky 531 m. Oba tyto tunely byly rovnéz razeny v rulo-
vych masivech, pii éemz tunel Lubensky byl razen bez problémt v pevnych hor-
ninach, avéak tunel u Nihova prochazel s vyjimkou kratkého stfedniho dseku dél-
ky cca 60 m rozrudenou a lasovitou rulou, ktera méla za nasledek zaval kienby
v délce asi 20 m v pasech ¢. 11, 12 a 13, i kdyZ opéry v uvedenych pasech byly
jiz vyzdény. V8echny tunely byly opatieny rubovou izolaci z asfaltovych desek.

Préce, na stavbé trati a zejména na tunelech, které se zprvu rychle rozb&hly,
postupné ochabovaly Umérné potizim némecké arméady na véleénych frontach,
i na okupovanych Uzemich, aZ v r. 1943 byly témér zastaveny. V té dobé byly uz
vpodstaté stavebné dokonceny tunely na brnénském predmésti v Kralové Poli,
a véechny 3 tunely u Tignova.

Kralovopolsky tunel, ktery od r. 1941 do r. 1943 stavéla v otevieném zaiezu
firma Kapsa a Muller Praha, byl az do konce valky pouzivan jako podzemni sklad
blizkou Kralovopolskou strojirnou Brno a jako protiletecky kryt. Tunely u Dolnich
Lougek, Lubného a Nihova, byly pouzity pro firmy s krycim ndzvem Diana
G.m.b.H. jako podzemni tovarny pro vojenskych letecky priimysl. Rovnéz tunel
na téZe rozestavéné trati v bezprostiedni blizkosti Zst. Némecky (nyni Havli¢kiv)
Brod byl za okupace vyuZit pro zbrojni vyrobu.

Diana G.m.b.H. byl plivodné pobocny a pozdéji, po zniéeni zavod( této firmy
v Rakousku, vlastné hlavni zdvod Wiener Neustadter Flugzeugwerke (WNF).
Zavody v Rakousku byly rozmistény ve Videfiském Novém Mésté, kde se vyra-
bély trupy a motory stihacich letadel Messerschmitt Me 109 a Udajné i Me 110.
Tam bylo i podnikové zkusebni letisté. V nedalekém Neudorfu se vyrabéla kor-
midla a na pfedmésti Vidné Fischamendu kiidla. Ve Videriském Novém M&sté se
pocatkem valky vyrabélo asi 30 letadel denné, coz predstavovalo vice nez polo-
vinu celonémecké produkce. Po 28 tézkych naletech spojencil na Videfiské
Nové Mésto a jeho okoli, zahajenych 13. 8. 1943, po nichz se Videnské Nové
Mésto ocitlo v troskach (z 65 000 obyvatel zbylo 800 a ze 4 000 dom zlistalo
17 nepogkozenych), bylo rozhodnuto o piestéhovani WNF do tunell u Tisnova.

The young Czech Republic, after the breaking up of the Austrian - Hungarian
Monarchy in the year 1918, took over the railway network orientated mostly to
the capital of the former E. and K. Monarchy — Vienna, i.e. in the north-southern
direction. Economical and political requirements of the newly arisen state, the
territory of which was considerably lengthened in the west — east direction, requ-
ired better connection with eastern parts of the newly arisen republic, i.e. with
Slovakia and with Subcarpathian Ukraine. The connection of the capital Prague
with the Moravian metropolis Brmo and with Bratislava via Ceskd Trebovd was
not fully acceptable both for economical and for military-political requirements.
That is why a new conception was accepted and later on there was elaborated
a design of a new connection of Prague with Brno through Bohemian—-Moravian.
Uplands by means of a completely other double-track route for fast trains bet-
ween Haviick(v Brod (formerly Némecky Brod) and Tisnov, instead of the hit-
herto existing valley route with inconvenient direction conditions and elevation
ones, copying mostly the meandering flow of the Sazava river.

Preparation works on the new line were started in the year 1938 and con-
struction works started in the year 1939, when only several months were missing
to the beginning of the second world war, Works on the construction section from
Tisnov to Rikonin were ordered at the firm Ing. Zdenék Kruli, and on the con-
struction section from Rikonin to Nihov at the firm Ing. Bedfich Hlava. After the
end of the second world war, both firms were included in the national enterprise
Stavba silnic a Zeleznic Praha (Construction of Roads and Railways Prague),
establishment Baraba,

On the section of the firm Ing. Z. Krulis, near the community Dolni Loucky, the-
re was driven the longest of three double-track tunnels at Tisnov, the LouCky tun-
nel, 633 m long. The tunnel was driven in relatively massive gneiss massif by
means of a modified Austrian method, except portals which were constructed in
open pits. The pilot adit was driven from both sides and from it there were made
headings to top of arch with running posts. In the course of driving, no special
pressures on the timber support were found out.

On the section of the firm Ing. B, Hlava there were driven two double-track tun-
nels, viz. near the community Lubna a tunnel 213 m long, and near Nihov a tun-
nel 5631 m long. Both tunnels were also driven in gneiss massifs. The Lubna tun-
nel was driven without any problems in compact rocks, but the Nihov tunnel,
except the short middle section, approximately 60 m long, was driven through
a not very massive gneiss which resulted in a vault collapse in the length of
20 min parts No. 11, 12, 13, in spite of the fact that supports in said parts have
been already bricked. All tunnels were provided with insulation made of bitumi-
nous boards on the external circumference of the lining.

All works on the railway line and in tunnels which first went on quickly, were
later delayed step by step due to difficulties of the German army on lines of batt-
le and in occupied territories. In the year 1943, all works were stopped comple-
tely. In that time tunnels in Kralovo Pole, the suburb of Brno, and all three tun-
nels near Tisnov were completed from the constructional point of view.

The tunnel in Kralovo Pole which was constructed from the year 1941 till the
year 1943 in an open cut by the firm Kapsa and Mdiller Prague, was used till the
war end by the near engineering plant both as an underground storehouse and
as an air-raid shelter. Tunnels near Doini Loucky, Lubna and Nihov were used by
the firm with a fictive name Diana G.m.b.H., as underground works for the mili-
tary aircraft industry. The tunnel on the same uncompleted railway line in the pro-
ximity of the railway station Némecky (at present Havlickiv) Brod was utilized
during the German occupation for the armament industry.

Diana G.m.b.H. was first an auxiliary plant and later, after the plants of this firm
in Austria had been destroyed, it became the main factory of the firm Wiener
Neustédter Flugzeugwerke (WNF). The plants in Austria were situated in the
Wiener Neustadt, where fuselages and engines for fighter-planes Messerschmitt
Me 109 and probably Me 110 as well were produced. A test airport took place
also there. At Neudorf, not too far from there, rudders and elevators were manu-
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Prvni obhlidka terénu v okoli tuneld u Tisnova probéhla v dubnu 1944 a v Cer-
vnu se uZ betonovaly podlahy téchto tif tuneld. U Lougského tunelu byla v pase
&. 4 vyrazena dodate&né kolmo k ose tunelu $tola délky 16,35 m jako pistup do
kotelny, pro kierou byl na kongi $toly vylomen prostor 8,5 x 18,1 x 9 m. Kromé
toho byla z prostoru kotelny vyraZzena do prostoru pfed portalem je$té jedna Sto-
la (3,0 x 2,5 m). Obezdéni téchto Stol véak nebylo dokonéeno a po skonleni val-
ky byly ob& Stoly zaplnény kamennymi rovnaninami. V pase &. 30 vpravo trati
byla prorazena rovnéz kolmo k ose tunelu Unikova Stola vyustujici v Gboénim
svahu dvéma vychody. Vstup do této $toly z tunelu byl vr. 1946 v délce 10 m rov-
néz zarovnan a zazdén.

Koncem léta 1944 se zapocalo v tunelech s vlastni vale¢nou vyrobou.
Stéhovani do t&chto tii tuneld probihalo s maximalnim urychlenim a s vyuZitim
veskerého mistného potencidlu. Prace na télese Zelezni¢niho spodku jesté neby-
ly UpIné dokon&eny a v okoli tunelli nebyly na nové trati jesté postaveny Zelez-
niéni mosty. Bylo v8ak nutno zpfistupnit portaly tuneld, situované vysoko ve stra-
nich. Proto byla pro dopravu materidlu, pracovnikii i pro odvoz hotovych letadel
postavena z nadrazi Tisnov az do (doli mezi Nihovsky a Lubensky tunel tizko-
rozchodna draha (rozchod 960 mm), s odbockami k nékterym objektim, situo-
vanym podél této dréhy.

K tunelovym portaltim byly zfizeny svaZnice. Na stavbu Uzkorozchodné drahy
i na stéhovani WNF byly pfevedeny obé stavebni firmy s celym svym mistnim
potencialem, vietné vétsiny pracovnikl. Podél celé trasy tzkorozchodné drahy
byly vybudovany pomocné sklady, dilny a ubytovny pro zaméstnance. V tunelech
byly pro rozsiteni podlahové plochy nékteré Useky rozdéleny dfevénou kon-
strukci na dvé podlaZi, Pomocné objekty a kancelafe byly déle zfizeny v TiSnové,
s feditelstvim v gymnéziu, v Predklastefi, Stépanovicich, Dolnich Louckach,
Ujezdé, Rikoning, Kutindch a zejména v Kufimské Nové Vsi. Zde v misté zva-
ném ,Na podlazi“ bylo velké ubytovaci stfedisko strazni sluzby, pomocné provo-
zy a také stiikaci boxy kiidel, protoze tuto praci nebylo mozno provadét v tune-
lech. Od Nihovského a Lubenského tunelu sem pres téméf 50 m hluboké Udolf
fitky Haldy vedie dzkorozchodka po odvazné konstruovaném dfevéném mosté
(vzpéradlova konstrukce), pipominajici techniku mostti z divokého z&padu. Most
postavila firma Ing. B. Hlava.

Denni obrat Zelezniénich voz( se na ti$novském nadraZi s pfichodem Diany
zvy8il asi desetkrat, z plvodnich 8 aZz 10 vozd na 80 az 100 Zelezni¢nich vozd.
Podle jejich oznageni A, B nebo C byl materidl vykladan a odvazen do skladl
uréenych pro takto oznatené tunely. Pogetni ani kvalitativni kontroly do$lého
materidlu véak nebyly provadény. K vykladani vagonl byla pouzivdna skupina
trestanch, vesmés brnénskych $melinafl s niz8imi tresty, hlidanych Seskou
vézenskou strazi.

Do tuneld byl material dopravovan jednak ze sklad{l po Uzkorozchodné Zelez-
nici, jednak bylo vyuZivano okoli zemédélct s povozy.

K zahdjeni vyroby letadel Messerschmitt Me 109 G (Bf 109) doslo na sklonku
1éta 1944. Vyroba letadel v tunelech byla organizovana tak, ze v Nihovském
tunelu oznac¢ovaném jako ,C* byly vyrabény plechové dilce a &asti draku letadel
s tepelnym zpracovanim duralovych nytl a plechi v solnych laznich. Na vyrobu
véech dilct byly pouzivany vrtaci a nytovaci ablony a montazni rdmy. V8echny
hlavni dily letadel byly zdménné. Vétsi plechové vylisky byly k montazi do tunelli
dodavany jako polotovary, protoZe jejich vyroba v tunelech nebyla mozna pro
nemoznost dopravy téZkych a rozmérnych list do tunelli a pro malou svétlou
vysku v tunelech.

V Lubenském tunelu, oznacovaném jako ,B,, byla vyrabéna kfidta a vybavo-
vana elektroinstalaci a hydraulikou. Odtud byla kfidla dopravovana pfes most
,Na podlazi‘, kde byla v lakovné opatiena povrchovou Upravou a doplnéna
vysostnymi znaky a auty odvazena na nadrazi do Tidnova. Pracovni skupina $es-
i lidi vyrobila za 12ti hodinovou sménu jedno kfidlo.

Do Louéského tunelu (oznacovaném jako tunel ,A,), pfichazel na pocatku
montazni linky holy trup, ktery byl postupné vybavovan a posunoval se na dal3f
montazni stanovi§té. Zasobovani montazni linky materidlem se provadélo v celé
délce tunelu pomoci polni drazky. Byly to zejména motory, podvozky vcetné kol,
hydraulickd a pneumaticka vyzbroj, kryty kabin, smérova a vySkova kormidla
dfevéné konstrukce, vrtulové listy, palubni zbrané, pfistrojové desky a tisice dal-
Sich drobnych sougasti. Na konci tunelu ,A“ nad ddolim feky Lougky vychazel
UpIné dokonceny trup bez kiidel. Po odzkouSeni radiostanic a jejich opétovném
vyjmuti (byly pFipravovany zvlast), byl trup letadla zakytovén a opatfen koZenko-
vymi potahy pfes vriulovy kuzel, motor a kabinu. Z tiilisté vriule byl pro dopravu
ponechan jen jeden list. Trup byl pak spustén pomoci vratku do Udoli a odvlegen
na nadraZi v Tisnové. (Vréatek obsluhoval téZ pozdgjsi znamy ¢s. lovec komet, —
astronom Antonin Mrkos). Z ti$novského nadrazi byly trupy a kfidia odesflany
drahou do Olomouce nebo do Prostéjova a do Prahy.

Na praci byli ,totainé nasazeni déinici nejriiznéjsich narodnosti. Zaklad tvofi-
li Cesi, pfidéleni sem z celé stfedni Moravy, ostatni pracovnici byla smésice
véech moZnych narodl: Rakusané, Némci, Francouzi, Jihoslované, Belgicané,
Ukrajinci, Litevci, Chorvati, Polaci, dokonce i jeden Ameridan, také bezdomovci

factured, and wings in the Wienna suburb Fischamend. In the Wiener Neustadt
there were manufactured, at the beginning of the war, about 30 aircraft daily
which was more than one half of the whole German production. After 28 blitzs
onto the Wiener Neustadt and its environs which were started on August 13,
1943, the Wiener Neustadt was in ruins (800 inhabitants of 65 000 survived and
17 houses of 4 000 stayed undamaged). That is why it was decided to move
WNF to tunnels near Tisnov.

The first inspection of the area in the environs of Tisnov tunnels took place in
April 1944 and floors of these three tunnels have been built already in June. As
to the Loucky tunnel there was additionally driven, in the part No. 4, a gallery nor-
mal to the tunnel axis, 16.35 m long, as an access to the furnace room for which,
at the end of the gallery, a space 8.5 x 18.1 x 9 m was excavated. Besides that,
another gallery (3.0 x 2.5 m) was driven from the furnace room to the space befo-
re the portal. The brick lining of said galleries was not completed and both galle-
ries were filled with stony material after the war end. An escape gallery with two
exits in the outside slope was driven in the part No. 30 on the right side of the
line, also normal to the tunnel axis. In the year 1946, the entrance info said gal-
lery, being 10 m long, was bricked up too.

At the summer end 1944, the war production proper was started in the tunne-
Is. The moving into these three tunnels was made very quickly and with utilizing
all local sources. Works on the roadbed were not yet finished and in tunnel envi-
rons no new bridges were constructed. It was, though, necessary to make the
tunnel faces, situated high in slopes, accessible. That in why it was necessary
for transporting material and workers, as well as for transport of completed air-
craft, to build up a narrow gauge track (track gauge 960 mm) from the railway
station Tisnov up to the valley between the Nihov tunnel and the Lubna tunnel,
with branchings to some constructions situated along said line.

Self-acting planes were made to tunnel portals. Both building firms, together
with the most part of their workers, technological outfit and machinery, were
directed to build the narrow gauge track and to move WNF. Along the whole nar-
row gauge track there were built auxiliary storehouses, workshops and dormito-
ries for employers. In the tunnels, for enlarging the floor area, some sections
were separated by means of a wooden structure to two storeys. Further auxilia-
ry workplaces and offices were established in Tisnov (the management took pla-
ce in the building of the high school), in Predklastefi, Stépanovice. Doini Loucky,
Ujezd, Rikonin, Kutiny, and particularly in Kufimskd Nové Ves. In that communi-
ty, on the place named “Na podiazi”, there was located a big accomodation cent-
re of the guard service, auxiliary workshops, boxes for spraying wings, because
such a work could not be done in the tunnels. The narrow gauge track was led
from Nihov tunnel and Lubna tunnel up to here through the nearly 50 m deep val-
ley of the Halda river over a courageously designed wooden bridge (strutted fra-
me structure) commemorating bridges of the Wild Western. The firm
Ing. J. Hlava performed the construction of said bridge.

The number of waggons passing through the Tisnov railway station, after the
works in Diana were started, was increased about ten times every day, i.e. from
8 up to 10 waggons to 80 up to 100 waggons. According to their marking A, B or
C, material was unloaded and transported to storehouses designed for tunnels
marked in this way. No inspections concerning the quantity and quality of delive-
red material were performed. Waggons were unloaded by a group of convicts,
altogether Brno black marketeers with lower punishments watched by the Czech
prisoner guard.

Material was transported into tunnels from storehouses by means of the nar-
row gauge track. Farmers with their carts were also utilized for said purpose.

The production of aircraft Messerschmitt Me 190 G (Bf 109) started at the end
of the year 1944. The aircraft production in tunnels was organized as follows:
metal sheet parts and aircraft airframes with heat treatment of duraluminium
rivets and sheets in salt baths were produced in the Nihov tunnel, marked as ,,C”".
Drilling and rivetting fixtures and assembly frames were applied for manufactu-
ring all construction elements. All main aircraft parts were changeable. Bigger
pressed pieces made of sheet were delivered into tunnels for assembly as semi-
products. Their production in tunnels was impossible because the transport of
heavy and bulky presses into the tunnels could not be performed due to a low
clearance height of the tunnels.

In the Lubné tunnel, marked as "B”, wings were produced and equipped with
the electric and hydraulic outfit. Then the wings were transported by lorries over
the bridge to the place ,Na podiazi”, where they were provided with surface tre-
atment in a paint shop and completed with nationality marking, and from there to
the Tisnov railway station. A working group of six workers made one wing within
a 12 hour shift.

Into the Loucka tunnel (marked as tunnel "A”), to the beginning of the assem-
bly line, there was delivered a bare body which was gradually equipped and shif-
ted to further assembly place. All material was delivered to the assembly line
along the whole tunnel length, and it was represented particularly by engines,
undercarriages including wheels, hydraulic and pneumatic outfit, cabin covers,
rudders and elevators of a wooden structure, propellers, deck weapons, instru-
ment panels and thousands other small parts and elements. At the end of the
tunnel ,A”, over the Loucka river, there went out a fully completed body without
wings. After radio stations had been tested and taken away again (they were
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a dalsi méné podetné skupiny Bulhard, Reki, ltald, Holandan(. Ziejmé lidé, kte-
ré chtéli mit protektoratni dfednici soustiedény pro pfehled na jednom misté.
Zajatecky nebo koncentraéni tabor v oblasti Diany za valky nebyl. Na Zadost
pocetné skupiny Belgi¢ant a Francouzd, kteff piidli z Rakouska, byly obdobné
jako ve Videriském Novém Mésté, slouzeny v nedéli a ve svatek (pracovali se
i 0 nedélich a svatcich) i m3e v némeckém jazyce, pfi kterych byla véficim pie-
Stena epistoly, evangelium a prednesena kratka promluva. Na rozdil od
Videnského N. Mésta véak tyto mse byly slouzeny nikoliv vecer, ale v 6 hod.
rano. Pfesto vSak byly hojné navétévovany. V prvnich dnech mésice fijna 1944
Belgi¢ané a Francouzi odjeli a ranni mée byly zrugeny.

Vedouci mista v Diané zastavali pfirozené Némci a zaméstnanci z WNF.
Pracovni podminky pro déiniky v podzemi v8ak nebyly lehké. Vihko, chladno
a privan a osvétleni rtutovymi vybojkami, z néhoz dochdazelo k Sastym zangtim
spojivek. Pfi vyhlaeni naletu se z pracovist neodchdzelo a prace se nepferugo-
vala. Lubensky a Nihovsky tunel byly uzavieny jen dfevénymi sténami s vraty
a nemély nouzové vychody. Lougsky tunel mél u portalll betonové clony proti
rozletu stfepin pfi bombardovani. Mimoto mél jako nouzovy vychod vyraZzenou
boéni Stolu s rozvétvenim na dva vychody na vzdusnou stranu udoli. Ochrana
objektd proti naletim k nimz vSak nikdy nedoSlo, byla poméré chaba: jedno
kulometné hnizdo mezi Lubenskym a Nihovskym tunelem a kulometna hnizda
u obou portalti tunelu Louéského.

V zafi r. 1944 vyrabélo Némecko asi 110 stihacich letadel denng, z toho
v Diané asi 8 kush. V letech 1936 aZ do dubna 1945 bylo vyrobeno celkem
35 000 letadel Me 109 v riznych modifikacich. Kulminaénim bodem vyroby
v Diané byl podzim r. 1944. Pozdgji se za¢inaji zvy$enou mérou projevovat zaso-
bovaci potize, néktera letadla se vraci zpét, prostiilena hloubkovymi letci, aniz
dodly po Zeleznici na mista svého uréeni. Zacin se projevovat blizkost fronty
a zvysuje se i aktivita partyzanskych skupin na Tisnovsku, i poSet sabotazi ve
vyrobé. Néktefi totalné nasazeni zaméstnanci piechazeji k partyzanskym jedno-
tkdm a ilegdlni odbojové organizace vznikaji pfimo v pracovnim tabofe
v Kutindch. Po podate¢ni sabotazni &innosti v Diané dochdzi i k ozbrojenym stie-
tdm s ustupujicimi Némci v byv. tiSnovském okrese. Tak dochazi k rozkladu celé
vyroby. Posledni letadla byla vyrobena v bfeznu 1945. K 1. dubnu 1945 vydava
némecké veleni nafizeni k zastaveni vyroby véech stihacich letadel s pistovymi
motory a sazi vSe na proudové stihade. Dochdz! k chaotickému odvozu pistrojl
a vybaveni, které je mozno pro vyrobu téchto letadel pouZit. Vyroba v Diané se
zastavuje. Citlivé letecké pfistoje jsou hazeny na oteviené Zelezniéni vagony,
kieré v8ak stejné jiz daleko nedojedou. Vyménny obchod dovruje konec.
Letecké dynamo za dvé cigarety Viktoria, kompas za Gtyfi, vyskomér za jednu.
Kdysi slavnd Géringova Luftwaffe se ocita na ble$im trhu. Dne 25. 4. 1945, v den
tif naletl na TiSnov, hofi skladiété Diany v Mezihoii ,Pod kastany,. Neni znamo,
zda $lo o nasledek ndletu, nebo zamémé nieni materialu ustupujicl armadou,
nebo zda sklad zapalil skladnik, Francouz, ktery ménil materidl za cigarety, aby
zahladil stopy. V nésledujicich dnech hoif hala u Stépanovic. Vétsina materialu
a zaffzeni vSak zlstava na misté a stdva se valetnou kofisti Rudé armady, kie-
ra osvobodila Tisnov 9. kvétna 1945 ve vedernich hodinach. Do konce roku 1945
bylo strojni vybaveni jako véleéna kofist demontovano a odvezeno, zbyly mate-
rial byl pfedan Narodnimu vyboru, rozebran nékterymi leteckymi tovarnami
anebo odvezen do &rotu. Tak zanikla nejen Diana, ale stejny osud postihl i zavod
WNF v Rakousku.

Pfi likvidaci Diany byli pouZiti také némegti valedni zajatci. Tabor pro né byl zFi-
zen po 15. srpnu 1945 v baracich u Ujezda, na misté zvaném ,v ostrovech®. Tito
zajatci vyklizeli Lougsky tunel a byli zde ubytovani do 23. fijna 1945.

Ihned po skonéeni valky byl v byvalych objektech Diany v prostoru Kutin zfi-
zen shromazdovaci zajatecky tabor pro invalidni, pfestarlé a mladistvé véletné
zajatce, neschopné transportu do SSSR. Tabor spadal pod SNB v Dolnich
Louckéch a velitelem tabora byl ¢s. podplukovnik MUDr. VIk. Pfiglo sem asi 1000
zajatell, mezi nimiz byla vysoka Umrtnost, i kdyZ se s nimi bylo slugné zachaze-
no. Zajatctm v8ak nehrozila obezita z nadbytku potravy.. Na zfizeném vojen-
ském htbitové na biehu Libochiivky jich bylo do 15. 7. 1946, kdy zajatci byli
Z Kutin pfemisténi a tabor zruen, pochovano 118. Diana v té dobé byla jiz zli-
kvidovana.

Prace na dokonéeni stavby dréhy se po tfileté pfestavce znovu rozbéhly
a elektrizovana draha mezi Havli¢kovym Brodem a Tignovem je jiz téméf 50 let
v provozu a &as zahladil stopy. Cestujici obdivuji z rychlikd malebna udoli,
romantickou krajinu, odvazné stavby vysokych mostil a na né navazujicich tune-
8. Malokdo vi, co vSechno se zde pied tfiapadesati lety udalo.

Upraveno podle vlastivédného ¢tvrtletniku , TiSnovsko, roénik XXV*

fransported separately), the aircraft fuselage was provided with covers, and the
propeller cone, engine and cabin were leatherette covered. Only one propeller
blade of the three-blade propeller remained at its place during the transport.
Then the body was let down by means of a winch into the valley and hauled to
the Tisnov railway station. (The winch was later operated by the known
Czechoslovak ‘comet hunter” — astronomer Antonin Mrkos). Fuselages and
wings were dispatched from the Tisnov railway station to Olomouc or to
Prostéjov, and also to Prague.

The work was performed by ,totally orderd” workers of various nationalities.
Most of them were Czechmen from the whole middle Moravia, other workers
were represented by a mixture of all possible nations: Austrians, Germans,
Frenchmen, Yugoslavians, Belgians, Ukrainians, Lithuanians, Croats, Poles, and
even one American was there, but there were also homeless people and other
less numerous groups of Bulgarians, Greeks, Italians, Dutchmen, i.e. people
which should be concentrated in one place for a better knowledge of their stay
and activities. Neither a camp for prisoners of war nor a concentration camp exis-
ted in the Diana area during the war. At the request of the numerous group of
Belgians and Frenchmen who came from Austria, masses, even in the German
language, were celebrated on Sundays and holidays as in the Wiener Neustadt
(the work was performed even on Sundays and holidays). During the mass the
believers heard an epistle, gospel and a short preaching. Said masses, unlike to
Wiener Neustadt were celebrated not in the evening but at 6 a. m. In spite of it,
the attendance was very high. Belgians and Frenchmen left this area within the
first days of October 1944, and the masses were stopped.

The management in Diana consisted, of course only of Germans and emplo-
yees of WNF. Working conditions for underground workers, though, were not
easy and pleasant. There took place damp, cold, draught and illumination by
means of mercury-arc lamps which caused repeated inflammations of eyes. If an
air-raid was announced, nobody was allowed to leave his workplace and the
work went on. The Lubna tunnel and the Nihov one were closed only by means
of wooden walls with gates and they were provided with no emergency escapes.
The Loucky tunnel was provided with concrete protections at portals against
splinters during bombing. More over, there was driven a side gallery as an emer-
gency escape with two exits to the open side of the valley. The protection of con-
structions against air-raids which, though, were never realized, was insufficient:
one machine-gun nest between the Lubna tunnel and the Nihov one and machi-
ne-gun nests at both tunnel faces of the Loucky tunnel.

In September 1944, Germany produced daily about 110 fighter-aircraft, of
them 8 pieces in Diana. Within the years 1936 till April 1945 there were produ-
ced 35 000 aircrafts Me 109 in various modification. The top point of the pro-
duction in Diana was in autumn 1944. Later on there appeared supply problems,
some aircraft were returned because they were shot through by dive-bombers
during the railway transport. The battle line was approaching, the activity of gue-
rilla groups in the Tisnov area was increased and acts of sabotage in the pro-
duction increased too. Some totally ordered workers entered in guerilla groups,
and illegal resistance units took rise just in the working camp in Kutiny. After the
initial acts of sabotage in Diana, armed clashes and fights with receding
Germans in the former Tisnov district took place. In that time, the production was
completely disrupted. Last aircraft were manufactured in March 1945. To April 1,
1945, competent German authorities ordered to stop the production of all fighter-
aircraft with piston engines and drew attention to jet fighter-aircraft. Devices and
equipment which could be utilized for aircraft production were transported chao-
ticly away. Production in Diana was stopped. Sensitive aircraft devices were
thrown onto open waggons which could not go too far. An exchange business
crowned the end. Aircraft dynamo had the value of two cigarettes Viktoria, com-
pass of four cigarettes, altimeter of one. Once glorious Géring’s Luftwaffe found
its end on the flea market. On April 25, 1945, when three air-raids were directed
to Tisnov, the storehouse of Diana in Mezihofi “Pod kastany” burnt out. It was not
known whether it was caused by the air-raid, whether material which was stoc-
ked there, was intentionally damaged by the receding German army, or whether
the storehouse was ignited by the storeman, Frenchman, who changed material
for cigarettes, to remove traces. In following days the hall near Stépanovice is in
fire. Most of the material and equipment stayed on their places and fell pray to
Red Army which liberated Tisnov on May 9, 1945 in the evening. Till the end of
1945, the machine equipment was dismantled and dispatched as the war pray.
Remaining material was handed over to the National Committee, dismantled by
some aircraft factories or scrapped. So Diana became extinct and the same lot
had the plant of WNF in Austria.

For liquidation of Diana, German war prisoners were also utilized. A camp for
them was organized after August 15, 1945, in jerry-built houses near Ujezd, on
the place named ,v ostrovech”. Those war prisoners evacuated the Loucky fun-
nel and they were living in the camp till October 23, 1945.

Just after the end of the war, in former structures of Diana, in the area of Kutin,
a camp for war prisoners, viz. invalids, old people and juveniles, who were not
able to be transported fo the USSR was etablished. The camp was
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TECHNICKE ZAJIMAVOSTI

TECHNICAL MATTERS OF INTEREST

ODVODNENI ROZLEHLYCH PODZEMNICH PROSTOR S MALYM SPADEM

POUZITi VAKUOVEHO ODVODNENI V SYSTEMU KOLEKTORU V CENTRU PRAHY C1A A PRIKOPY

DRAINAGE OF LARGE UNDERGROUND SPACES WITH LOW DECLIVITY

APPLICATION OF VACUUM DRAINAGE IN THE SYSTEM OF UTILITY TUNNELS IN THE CENTRE OF PRAGUE C1A AND PRIKOPY

ING. S. MOUCKA, KO-KA, S.R. 0.

PHi vystavbé kolektoru C1A a piipravé vystavby kolektoru Pfikopy v Praze
jsme byli jako projekianti postaveni pfed problém fesit odvodnént systému Stol
celkové délky 3500 m umisténych v husté zéstavbé centra Prahy.

Vydkové Fedeni tuneld bylo nutno pfizplsobit téméf rovinnému terénu a navic
respektovat stavajici podzemni stavby z nichZ nejvyznamnéjsi je kanalizace.
Stoky jsou v centru Prahy vejGité zdéné ve spadu ktery misty nepfekracuje
0,2 %, a véechny byly vystavény za c. k. Rakouska. Dalim omezujicim prvkem
je pomémé vysoka hladina spodni vody. Kolektory jsou v této oblasti navrzeny
do prostoru pod stoky a pokud mozno nad hladinu spodnf vody s minimalnim
spadem 0,5 %. Tim na trase vznika velké mnoZstvi spadovych lomd, dalsi spa-
dové lomy vznikly diky zm&nam nivelety pii nutnosti reagovat na stavajici pod-
zemni piekazky. Gravitadni odvodnéni systému kolektor(l do jednoho mista je
tedy vyloudeno. Diky t&mto skute¢nostem vzniklo v systému 12 mist, z nichz je
nutno fesit odvedeni vody. Jednd se o vody jak priisakové, které mohou do tune-
lu vniknout netésnosti obezdivky, tak o vody z ¢isténi tunelu béhem jeho provo-
zu, pfipadné o vody z netésnosti vedovodniho potrubi, které je v kolektoru umis-
téno s ostatnimi sitémi.

Navrh viastniho odvodnéni musel respektovat podminky vystavby s tim, ze z
celého systému je nutno veskeré vody svézt do jednoho mista. Bézny zplsob
pomaci malych derpacich stanic v trase je narogny na Udrzbu cerpadel (pro kaz-
dou stanici 2 kusy). Celkem 24 ¢erpadel s odpovidajicimi armaturami a dalkovym
i mistnim ovladanim, navic znaény narok na rozvod elektrické energie. Pii posu-
zovéni tohoto, pro podzemni stavby bézného zplsobu, jsme hledali provozné
jednodussi fedeni, kieré by vykonalo stejnou sluzbu. Jako mozné fedeni jsme
posuzovali systém podtlakové kanalizace, béZné pouzivany k odvedent splasko-
vych vod v rovinném tzemi.

Podtlakovy systém se sklada z podtlakové stanice, podtlakového potrubi a
ventilil. Podtlakova stanice vytvafi vyvévami v siti podtiak. Na podilakovem
potrubf jsou v mistech, kde se shromaZduje voda podtlakove ventily, které jsou
Klicovym mistem celého systému. Tyto ventily pracuji na pistovém principu, pfi
oteveni pusti podtiak do saciho potrubi a odsaji vedu z inkriminovaného mista.
Protoze pracuji na pneumatickém principu, nepotfebuji na své otevieni piipojku
elektrické energie. Impulsem pro jejich otevieni je stoupajici hladina vody, ktera
prostfednictvim senzorové trubice a fidici jednotky ventil otevie. Po odséti vody
je jesté prisato urgité mnozstvi vzduchu, ktery jde spolu s vodou do podtlakové
stanice odkud je voda déle pfeCerpana.

Pro vlastni navrh vakuového odvodnéni jsme se spojili s firmou Vakan, ktera
je specializovana na vakuové kanalizace. Jiz pfi navrhu a potom i pfi vlastni rea-
lizaci stavba vzbudila zaslouzenou pozornost firmy AIRVAC (vyrobce a dodava-
tel technologickych soudasti z USA), jejiz zafizeni se ve svété pro Uely vakuo-
vych kanalizaci pouzivé desitky let. S timto vyuZitim se dosud nikde neuvaZova-
lo.

Pfestoze vypodty i projekty dokazovaly naprostou spolehlivost a teoretickou
bezchybnost navrzeného systému, teprve provozni zkousky, které probéhly na
Gésti podtlakového odvodnéni v ramei kolektoru CIA v Cervenci 98, piesvedcily
bezezbytku i posledni pochybovade, Ze podtlakové odvodnént je stejné funkeni
jako pretlakové pfi mensf sloZitosti, nizéich provoznich nakladech, a teprve ¢as
dokaze i vétsi spolehlivost.

Timto bych chtél pod&kovat jak investorovi odboru méstského investora Mhiv
Prahy zastoupeného Zavos s. . 0., tak budoucimu uzivateli Kolektory Praha, ze
nam svafil svou davéru a dovolil realizovat tento systém odvodnéni v podzemni
stavbé ve svétové premiéfe.

When building the utility tunnels C1A and preparing the construction of the uti-
lity tunnel Prikopy in Prague, we, as designers, had the problem to solve draina-
ge of the system of galleries situated in a dense housing of the Prague centre,
the total length of which was 3500 m.

The elevation solution of tunnels had to be adapted to the nearly level ground
and more over there had to be respected existing underground structures, the
most important of which is the sewerage. Sewers in the Prague centre are ovo-
id-shaped, brick-built, in bottom descent which does not cross 0.2 % on some
places, and all were constructed during E. K. Austria. A refalively high water tab-
le is another limiting element. Utility tunnels have been designed in this area into
the space under sewers and, if possible, over the water lable with a minimum sfo-
pe of 0.5 %. In this way there arise many vertical bends. Further vertical bends
arose due to changes of the level line because of existing underground impedi-
ments. To diver! water by means of gravilation drainage to one place of the ulili-
ty tunnel system is then impossible. Due to said fact, there arose 12 places in the
system, from which water must be drained. It concerned both percolation water
which can penelrate due lo lining untightness, and water used for cleaning the
tunnel during its operation, eventually water dripping from water piping, situated
in the utility tunnel together with other networks, due to its untightness.

The design of the proper drainage had to respect conslruction conditions,, viz.
that it is necessary to divert all water into one place. The usual method by means
of small pumping stations in the route is exacting as to the maintenance of pum-
ps (for each station 2 pieces). It means 24 pumps with respective fittings and
remote control and local one. More over there are considerable requirements as
{o the distribution of electric power. When evaluating this method which is usual
for undarground works, we looked for an operationally simpler solution which
would perform the same service. As one of possible solutions, we judged the
system of underpressure sewerage, usually applied for draining sewage water in
a level tertitory.

The underpressure system consists of an underpressure station, underpres-
sure piping and valves. The underpressure station forms underpressure in the
network by means of a vacuum pump. The underpressure piping is provided, on
spols where water accumulates, with underpressure valves which are the most
important element of the whole system. Said valves work on the piston principle.
When opened, they give rise lo underpressure in the suction piping, and water is
sucked off from the respective place. As they work on a pneumatic principle, they
need not a power connection for their opening. An increasing water level is the
pulse for their opening. The increasing water level opens the valve by means of
a sensor tube and control unit. After water has been sucked off, there is also suc-
ked a definite air quantity which goes together with water into the underpressu-
re station, from where water is repumped.

As lo the proper design of the vacuum drainage, we conlacted the firm Vakan
which is specialized in vacuum sewerage. The struclure draw the deserved
attention, during the design and then during the realization proper, of the firm
AIRVAC (manufacturer and supplier of lechnological components from U.S.A.),
the equipment of which have been used in the world for purposes of vacuum
sewerage for decades. Such a utilization was nowhere considered fill the present
time.

In spite of the fact that calculations and the design proved the absolute refia-
bility and theoretical trouble-free function of the designed system, only operatio-
nal tests which were performed on a part of the underpressure drainage within
the C1A utility tunnel in July 1998, persuaded completely even the last doubting
Thomas that the underpressure drainage is equally functional as the overpres-
sure one, and more over, it is less complicated and operational costs are lower.
The future will prove even its higher reliability.

In this way | would like to express my thanks both to the client of the depart-
ment of the municipal investor MhM Prague, represented by Zavos s. . 0., and
to the future user Kolektory Praha, that they trusted us and allowed to realize
said drainage system in the underground structure in the world premiere.
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TECHNICKA DATA TECHNICAL DATA
Kolektor C1A: 2,0 km — 5 mist k odvodnéni Utility tunnel C1A: 2.0 km — 5 drained places
Kolektor Pfikopy: 1,5 km — 7 mist k odvodnéni Utility tunnel Piikopy: 1.5 km — 7 drained places
Max. soucasny pfikon vak. stanice: 9 kW Max. present-day power input of the vacuum station — 9 kW
4 kW vyvéva, 5 kW gerpadio (vacuum pump — 4 kW, pump - 5 kW)
Pro pfipad poruchy je 100% rezerva In case of a defect there is a 100% reserve.
Pfi pfitoku 3 I/s denni spotfeba el. en. 70 kWh With the inflow of 3 litres per sec., the daily consumption of electric power repre-

Ing. St&pan Moutka, KO-KA, s.1.0.  sents 70 kiWh
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Mrazovka tunnels design - computer simulation of drive-through
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ZPRAVODAJSTVI SLOVENSKEHO TUNELARSKEHO KOMITETU ITA/AITES

SLOVAK TUNNELLING COMMITTEE REPORTS

Na rozhrani rokov sa spravidla treba aj obzriet, aby sme lepsie
vedeli kam treba ist’ dalej. Retrospektivne hodnotenie roka 1998 za
Slovensky tunelarsky komitét (STK) sme vo velkej miere vycerpa-
li v spravodajskej rubrike predchadzajlceho ¢isla éasopisu Tunel.
Dalsie hodnotenie tunelarskych udalosti v SR uvadza Gvodnik
tohoto éisla. Preto len niekolko dopliiujicich informacii o tunelo-
vych stavbach v SR.

V uplynulom roku vyrazne pokrodila stavba tunela Branisko. Za 12 mesiacov
bolo vyrazenych viac nez 3,1 km tunela véitane $tyroch Usekov so zvacsenymi
profilmi pre nidzové zalivy (tri jednostranné a jeden obojstranny). Priemerny
vykon oboch razi¢skych firiem pritom v druhej polovici roku dosahoval priemer-
ne 300 m za mesiac. Tiez bolo vyrazenych cca 300 m priecnych prepojeni s pri-
eskumnou $télfou, ktoré budd slizit ako Unikové cesty pre osoby. MoZzeme
s poteSenim kon3tatovat, Ze razenie tunela je oproti platnému harmonogramu
v trojmesaénom predstihu. Na druhej strane doslo v uplynulom roku k posunu
zaciatku prac na sekundarnom osteni az na rok 1999, po predpokladanom pre-
razeni kaloty tunela. Dévodom bol najmé fakt, Ze sitaz na technologické vyba-
venie tunela bola ukon¢ena az vo februari 1998, takze slbeh prac nebol mozny
vzhfadom na nedostatok podkiadov pre realizadny projekt sekundarneho oste-
nia.

Druhym dialniénym tunelom, ktorého vystavba uz zacala, je 0,6 km dlhy tunel
Horelica na Gseku diafnice D18. V sicasnosti sa razi prieskumnd $t6lia v profi-
le buduceho tunela (v dne kaloty), razenie tunela by malo zacat v tomto roku.

V aprili 1998 bola prerazend prieskumna &téla tunelu Ovéiarsko dizky
2,3 km. Vystavba tunela by mala za¢at v tomto roku, pri¢om by v tejto fize malo
fst'i vystavbu jednej tunelovej riry. Zadiatok vystavby tunela bude ale zavisiet od
nového harmonogramu vystavby dialicnej siete, ktory je v sicasnosti v proce-
se schvalovania.

Intenzfvne postupovala i priprava vystavby najdlhsieho z diafni¢nych tunelov —
7,5 km dihého tunela Vighové pri Ziline. Paralelne s projektovou pripravou prebi-
ehala zavere&nd faza inziniersko-geologického prieskumu. Na konci roku zacali
prace na razeni prieskumnej §télne od oboch portaloy, pricom od vychodného
portalu je 8tdlia razend pomocou plnoprofilového raziaceho stroja. V priebehu
roku boli spracované dokumentacie predpokladajice vystavbu tunela pomocou
raziaceho stroja priemeru 11,8 m. Investor vypisal na dodavku stroja medzina-
rodny tender, do ktorého zaslali svoje ponuky dvaja uchadzaéi. Dalsi postup pri-
pravy tejto stavby bude tiez zavisiet' od nového harmonogramu vystavby dialni¢-
nej siete.

Medzi pripravované velké tunelové stavby nepatria na Slovensku len dialnié-
né stavby ale tieZ vystavba nosného dopravného systému pre hlavné mesto SR
Bratislavu — metro. V ramci jeho pripravy boli spracované prislusné projektové
dokumentacie, umozhujice zadat s jeho realizaciou. Vzhfadom na obrovsku
finanénu naroénost tohto projektu sa nepredpoklada zaciatok vystavby skor nez
v horizonte dvoch az troch rokov.

Zlep&eniu dopravnej situacie v Bratislave by mal napoméct aj pripravovany
Usek dialnice D2 v Useku Lamaéskd cesta-Staré grunty, ktory zahfia tunel
Sitina, s dvomi tunelovymi rdrami dizky 1,5 km. Na financovanie tejto stavby st
zabezpedené zahraniéné zdroje, priom vlada povazuje vystavbu tohto Useku za
jednu z priorit.

V' uplynulom obdobf sa na Slovensku nastartovali celospolo¢enské zmeny,
ktoré mdzu silne ovplyvnit' buddcnost slovenského tunelového stavitefstva. Po
septembrovych parlamentnych vofbach a nastupe novej viadnej gamitdry doslo
K vyznamnému posunu priorit v oblasti smerovania verejnych vydavkov.
Vystavba diafnic celkom urcite spadla z prvej priecky politickej priority, len sa
nevie akd novu prie¢ku zaujme. Zaroveii je celkom jasné, Ze vystavba dialic,
a tieZ tunelov, musi pokracovat’ dalej. Potreba rozsirovania diaficnej siete je
neodskriepitefnd, ak sa Slovensko aspor trochu chece vyrovnat' so zaostalostou
dopravnej infrastruktury vodi krajindm EU, ku ktorym sa chce pribliZit.

Vyznamnym Uspechom, ktory mozno na zéklade doterajsich vysledkov
vystavby tunelov potvrdit je suverenita, s akou si véetci Giastnici na tunelovych
stavbach pocinaju. Odstranila sa tym jedna z ¢asto opakovanych pochybnosti, &i
Slovensko po odbornej stranke na to ma dostatok kapacit. Dnes uz o kladnej
odpovedi nemdze nikto pochybovat.

Vitalita tunelarskeho diania je vysledkom nielen lobizmu profesionalov, ale aj
praktickym preukazanim schopnosti organizovat a viest cely proces vystavby.
Jednou z tloh, ktorl vo svojom programe STK m4, je aj riadenie vztahov s verej-
nostou. Clenmi STK sG organizacie, pre ktoré pracuju inZiniersko-technicki pra-
covnici dlhodobo spéti s tunelarskou problematikou a hlboko racionalne pre-
svedceni o potrebe tunelov. Svoje presvedéenie sa usilujii preniest mnohymi
pouZitelymi formami a spésobmi na prisluné miesta rozhodovacej sféry ako aj

At the turn of the old year and the new one, it is usually needed to
look back for us to find out where to aim our working effort. The
retrospective evaluation of the year 1998 for the Slovak Tunnelling
Committee (STC) was made public in the information part of the
preceding issue of the TUNEL journal. A further evaluation of tun-
nelling activities in the Slovak Republic is included in the leader of
this issue. That is why only an additional information concerning
tunnel constructions in the Slovak Republic follows.

In the course of the last year, the Branisko tunnel construction went on consi-
derably. More than 3.1 km of the tunnel, including four sections of enlarged pro-
files for emergency lay-bys (three on one side and one on both sides). The ave-
rage advance of both mining firms achieved in the second half on the year 1998
about 300 m per month. There was also excavated about 300 m of cross pas-
sages lo the trial gallery, which will serve as escape ways for persons. We may
state with pleasure, that the factual tunnel driving is three months in advance with
respect to the valid programme. But, sorry to state, in the last year there was
postponed the start of works concerning the secondary lining till the year 1999,
viz. after the supposed breakthrough of the tunnel calotte. It was reasoned by the
fact that the tender for the technological equipment of the tunnel was at the end
only in February 1998, so that the coordination of works was not possible with
respect to a lack of documents for detailed design of the secondary lining.

The Horelica tunnel, 0.6 km long, in the section of the motorway D18 was the
second motorway tunnel, the construction of which has already started. At pre-
sent a irial gallery in the profile of the future tunnel (in the calotte bottom) is dri-
ven, and the tunnel driving should start in this year.

A trial gallery of the Ovciarsko tunnel, 2.3 km long, was holed through in April
1998. The tunnel construction should start in this year. The present stage should
concern a construction of one tunnel tube. The start of the tunnel construction
will depend, though, upon the new construction programme of the motorway net-
work which is at present in the process of approving.

The construction preparation of the longest of the motorway tunnels — Visriovd
tunnel near Zilina, 7.5 km long continued in a very intensive way. Parallel to the
design preparation there passed the final stage of the engineering-geological
survey. Works concerning heading of the trial gallery from both tunnel faces star-
ted at the end of the year. The gallery from the eastern portal is driven by means
of a full-face tunnel boring machine. Documentation planning the tunnel con-
struction by means of a TBM of the diameter 11.8 m was elaborated in the cour-
se of the year 1998. The client called an international tender for delivering such
a machine. Two applicants sent their offers. The further progress of preparation
of this construction will also depend upon the new programme of development of
the motorway network.

Not only a construction of motorways ranks among prepared large tunnel
structures in Slovakia, but the construction of the main transport system for the
capital of the Slovak Republic, Bratislava, viz. the Metro, as well. Within its pre-
paration there were elaborated respective designs and working plans, making it
possible to start with its construction. With respect to its very high exacting cha-
racter of financial means, the start of the Metro construction is supposed to start
after two or three years.

The prepared section of the motorway D2, in the section Lamadskd
Cesta—Staré Grunty, which comprises the Sitina tunnel with two tunnel tubes,
1.5 km long, should also improve the traffic situation in Bratislava. For financing
said structure there are ensured foreign sources, and the government takes the
construction of said section as one of the priorities.

Changes in the whole society, started in the Slovak Republic in the last peri-
od, could influence considerably the future of the Slovak tunnel engineering.
After parliament elections in September and the rise of the new government, the
priorities in the sphere of public expenses were significantly changed. The motor-
way construction fell surely from the first position of the political priorities, but
nobody knows which position it will take now. At the same time it is evident that
the construction of motorways and tunnels must go on. The necessity to enlarge
the motorway network is out of any discussion, as far as Slovakia wants to app-
roach, at least a little, its backward transport infrastructure to the transport situa-
tion in the EU countries.

The professional level and skill of all workers at tunnel construction forms an
important success which may be stated on the basis of hitherto existing con-
struction of tunnels. Said fact removed one of often repeated doubts, whether
Slovakia has sufficient professional capacities. These days, nobody can doubt
on a positive answer.

The vitality of tunnelling activities is not only the result of lobbying of professi-
onals, but also the result of practical abilities to organize and to control the who-
le construction process. One of the tasks, included in the STC programme, is the
control of public relations too. Institutions, at which engineering-technical wor-
kers, persuaded of the need of tunnels and occupying themselves for a long time
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na 8ir8iu odbornd, pripadne laicku verejnost. Verejna mienka je vyznamnou zloz-
kou politickospologenského diania, preto aj v tejto oblasti sa ¢lenovia STK usilujd
systematicky pdsobit' publicitou a medializaciou v pristusnych sférach.

Z vnUtroorganizacného Zivota STK bude v§znamnou udalostou roku 1999 val-
né zhromazdenie, na ktorom sa budu volit' novi ¢lenovia vrcholovych organov na
dalsie Stvorroéné obdobie.

Ing. Jozef Frankovsky

with tunnelling problems, are members of the STC. They try to affect by their beli-
ef the respective authorities, as well as the professional and lay public. The pub-
lic meaning is an important component of political activities and that is why, also
in this sphere, the STC tries to affect by publicity and medialization the decisive
authorities.

As to the internal life of the STC, the General Meeting will be one of the most
important events of the year 1999, because new members of top STC bodies for
the further period of four years will be elected.

Ing. Jozef Frankovsky

ZPRAVODAJSTVi CESKEHO TUNELARSKEHO KOMITETU ITA/AITES

CZECH TUNNELLING COMMITTEE REPORTS

PRACOVNI ZASEDANI CTuK

se konalo v Ostravé-Porubé dne 21. 10. 1998 za Ucasti delegatl ¢lenskych
organizaci a individualnich ¢lent. Hostitelem byla a. s, VOKD a prostory poskytl
Ustav geoniky AV CR. Delegati schvalili navrh na vyuzitf finanénich prostiedk
CTuK pfi uplatiiovani, vybranych odbornych pfispévkil na zahraniénich konfe-
rencich, na organizovani spolecnych tématickych zajezd( a odbornych semina-
f0. Souéasti pracovniho zasedani byly i zajimavé exkurze na stavbu tunelu
Kohoutkova, pracoviété Ustavu geoniky a do unikatniho geologického muzea.

MEZINARODNI VELETRH INTERTUNNEL ’98 V BASILEJI

byl cilem spoleéného autobusového zéjezdu éleni CTuK ve dnech
8.-10. 12. 1998. Kromé odborné zajimavych expozic veletrhu méli (icastnici
mozZnost prohlédnout si pfedvanoéni Basile] s jejimi bohatymi kulturnimi a archi-
tektonickymi pamatkami.

SEMINAR NA TEMA , KAVERNOVY ZASOBNIK PLYNU PRIBRAM*

usporéadal dne 16. 12. 1998 CTuK ve spolupraci s a. s. SG Geotechnika v ram-
ci koordinace profesnich spole¢nosti zainteresovanych v podzemnim stavitelstvi
a pfibuznych oborech. V rdmei programu byl promitnut film o pribéhu vystavby.
V prednaskach a diskusi vystoupili odbornici z oblasti projekce, priizkumu, reali-
zace stavby, monitoringu, technické kontroly a provoznich zkousek. Na semina-
fi se prezentovalo 32 U€astnik(i vesmés z organizaci podilejicich se na vystavbé.
Odborné ¢lanky tykajici se této zajimavé stavby pfinese nas éasopis ve svém
piistim ¢isle.

PODZEMNi STAVBY PRAHA 2000

- takovy je nazev konference, kterou zadal CTuK pfipravovat jako jiz devatou v
pofadi od roku 1977. CTuK je poFada pravidelné v tiletych cyklech. Konference
PS PRAHA 2000 bude tématicky zaméfena na &tyfi oblasti:
A. Ekologické aspekty podzemnich staveb
B. Vyvoj, vyzkum, priizkum a projektovani podzemnich staveb
C. Provadéni a vybaveni podzemnich staveb
D. Udrzba, sanace a rekonstrukce podzemnich staveb.
Konference se bude konat od 9. do 11. 10. 2000.

REDAKCNI RADA CASOPISU TUNEL

se sedla dne 8. 1. 1999 na svém pravidelném zasedani, na némz pfijala
zévaznd usneseni tykajici se ediéniho planu nadeho Gasopisu na bézny rok.
TUNEL bude naddle vydavan dvojjazyéné v barevné Gpravé pfi zachovani jeho
tradiéniho image. RR se seznamila s ekonomickym vysledkem edice 1998, jejiz
rozpocet i pfi zvétdeni obsahu 4, ¢isla byl zhruba dodrzen,
Pedpoklada se, ze dvojjazy¢na Uprava a zvyend distribuce do zahraniéi zvy-
§i podstatné zajem o inzerci a to nejen mezi &leny CTuK. Cislo 1/99 bude jesté
zaméfeno na tunel Mrazovka, Cislo 2/99 na kavermnovy zasobnik plynu Piibram.
Ing. Karel Matzner

WORKING SESSION OF THE CTuC

took place in Ostrava-Poruba on October 21, 1998, at the presence of dele-
gates both of member institutions and individual members. VOKD a. s. was the
host, and the Institute of Geonics of the Czech Academy of Sciences provided
the needed rooms. The delegates approved the proposal how to utilize financial
means of the CTuC, when applying selected professional lectures at foreign con-
ferences, for organizing common thematic trips and professional seminars.
Interesting field trips to the Kohoutkov tunnel construction, to the workplace of
the Institute for Geonics and to the unique geological museum formed a part of
the working session.

INTERNATIONAL FAIR INTERTUNNEL ‘98 IN BASEL

was the place of destination of a common bus trip for members of the CTuC,
organized within October 8 and October 10, 1998. Besides professionally inter-
esting fair expositions, the participants had the opportunity to have a look at
Basle before Christmass with its cultural and architectural monuments.

SEMINAR NAMED ,,PRIBRAM CAVERN GAS STORAGE”

was organized on December 16, 1998, by CTuC in cooperation with SG
Geotechnika, a. s., within the cooperation of professional companies interested
in underground civil engineering and related lines. Within the programme there
was shown the film concerning the construction. In lectures and in the
discussion there appeared specialists in the line of the design, investigation,
construction execution, menitoring, technical inspection and operational testing.
32 participants, mostly specialists of companies taking part in the construction,
were present at the seminary. Professional articles concerning this interesting
structure, you will find in the next issue of our journal.

UNDERGROUND STRUCTURES PRAHA 2000

- this is the name of the conference which CTuC started to prepare as the ninth
one since the year 1977. The CTuC organizes said conference regularly every
three years. The conference UNDERGROUND STRUCTURES PRAHA 2000
will be aimed at four problems:

A. Ecological aspects of underground structures

B. Development, research, investigation and design of underground structures
C. Performance and outfit of underground constructions

D. Maintenance, rehabilitation and reconstruction of underground structures.
The conference will take place within October 9 to 11, 2000.

THE EDITORIAL BOARD OF THE TUNEL JOURNAL

met on January 8, 1999 at its regular session where it took weighty
resolutions concerning the editorial plan of our journal for the current year. The
TUNEL will be edited as a bilingual journal in a colour arrangement and at
keeping its traditional image. The Editorial Board got acquainted with the econo-
mic result of the edition 1998, the budget of which, in spite of the increased
contents of the 4th issue was approximately observed.

It is supposed that the bilingual arrangement and the increased distribution
into foreign countries will increase the advertisement interest not only among the
CTuC members. The issue No. 1/99 will be aimed still at the Mrazovka tunnel,
the issue No. 2/99 at the Pfibram cavern gas storage.

Ing. Karel Matzner
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ZPRAVODAJSTVI CESKEHO TUNELARSKEHO KOMITETU ITA/AITES

CZECH TUNNELLING COMMITTEE REPORTS

4. MEZINARODNI SYMPOZIUM O TUNELECH
A PODZEMNICH STAVBACH - LUBLAN

Ve dnech 23.-25. zaff 1998 se uskuteénilo jiz tvrté tunelafské sympozium,
které se kona vidy v sudych letech v hlavnim mésté Slovinska — Lublani.
Soucasti sympozia byla vystavka a prezentace firem a exkurze na tunelové stav-
by v blizkosti mésta.

Vlastni sympozium zahrnovalo 38 referatl, rozdélenych do 5 tématickych seker:
1. Geotechnika

2. Stavba a sanace tuneli

3. Ochrana Zivotniho prostedi a podzemni stavby

4. Podzemni ukladanf odpadu

5. Materidly a zafizeni

Prezentované referdty zahrnovaly velmi &irokou problematiku: zminim se o
tech nejzajimavéjsich. V prvni sekci byl velmi zajimavy referat Mandlera a
Kostiova o geolyzikéinim prizkumu stavu starych Zelezniénich tunelli pomoci
georadaru, jehoz vysledky slouZily jako pedklady pro projektované sanacni pra-
ce. Genny je zejmeéna obsahly soubor konkrétnich pfipad, zahmujicich fesenf
kvality obezdivky, struktury a porugeni hornin, drenazniho systému apod. Dalsim
velmi zajimavym pfispévkem v této sekci byl rozbor metod méfickych a geode-
tickych praci pii vystavbé tuneld s vyuZitim satelitniho navigagniho systému GPS
autor(l KoZelje a PotoGnika.

V sekei o vystavbé a sanaci tuneld mne nejvice zaujala skupina prispévkd,
zabyvajicich se raZenim a vyztuzovanim tunelll v podminkéch velmi slabych hor-
nin, reprezentovanych karbonskymi biidlicemi s velmi nizkymi pevnostnimi viast-
nostmi a vysokym stupném peruseni a anizotropie. Tyto prispévky autord Likara
aj. popisui situaci v soucasné dobé razenych dalniénich tuneltl Golovee, které
byly navstiveny v ramei odborné exkurze. Horninovy masiv v téchto podminkach
se vyznaéuje nizkou stabilitou a vysokymi deformacemi jak svahi v oblasti por-
talt tak hornin v blizkosti Gelby razeného tunelu. Zajisténi stability razeného tune-
lu si vyzadalo nakladné zpevriovani hornin v blizkosti ¢elby hustou siti dlouhych
zavrtavanych svorniki (typ 1BO) po celém obvodu dila.

V této sekci byly také prezentovany dva Geské piispévky, zabyvajici se vystav-
bou tunel( v zastavéné oblasti (M. Uhlik - Subterra) a pithradovou vyzluZi tune-
10 (autor téchto radka).

Doprovodna vystava firem, uplatiujicich se pfi vystavbé tunelt zahrovala
predevsim doméci firmy. Z velkych svétovych firem se prezentovaly predevim
Atlas Copeo, dale Sika, Weidmann aj.

Celkové |ze konstatovat, Ze ve srovnéni s pfedchozim sympoziem v roce 1996
ponékud pokles| zajem zahraniénich ugastniki, coZ souvisi jednak s uréitym roz-
délenim trhu (vyrazny podil Atlas Copco ve spojeni se statn firmou SCT), jednak
s nizsim tempem realizovanych tunelafskych pracf proti plivodnim zamérim. To
v§ak nic neubira na zajimavosti a Grovni prezentovanych odborngch poznatk(,

Ing. Richard Siupérek, CSe.

SYMPOSIUM ,,HORNICKA PRIBRAM
VE VEDE A TECHNICE - 1998”

Do programu symposia ,Hornicka Pfibram ve védé a technice” byla v roce
1998 zafazena po desetileté piestavce sekce Geotechnika se zaméfenim na
geotechnickou problematiku podzemniho stavitelstvi. Sekce se sidadala ze tff
podsekei a to anomdlini projevy horninového masivu pfi budovani podzemnich
staveb, negativni viivy podzemnich staveb na stabilitu povrchu a povrchovych
objektd a problematika velkoprofilovyeh diiinich dél, V rdmei I. sekce bylo pred-
neseno celkem 17 prednasek. Jednani sekce se ziéastnili zastupci véech Spic-
kovych organizaci a firem, které se vyée uvedenou problematikou v nadi repub-
lice zabyvaji. Sekce byla s mezindrodni (¢asti. Mezi nejzajimavejsl prednasky
patiily: prednaska prof. ing. J. Aldorfa, DrSc., na téma ¢lenény vyrub pfi razbé
luneltl, dale pak prednaska ing. M. Koleckare na téma stavajici geotechnické
poznatky ziskané pii raZbé velkoprofilovych tuneli a piednaska RNDr. V.
Rudajeva, DrSc., na téma negativni viivy umélé seismicity a dtlnich otfest na
povrehové stavby. V oficidlnich a neoficidinich diskusich byla vénovana zvysena
pozornosl problematice negativnich vlivi hlubinné exploatace hydrotermainich
Zilnych a zénovych loZisek uloZenych v pevnych skalnich hominach na stability
povrchu a povrchovych objektl a problematice velkoprofilovych tuneld, Bylo kon-
statovano, Ze problematice vlivii dobyvéni na povrch byla a je v nadi republice
vénovana nedostateéna pozornost i presto, Ze v minulosti dogio k fade zavas-
nych propadu. Z tohoto divodu se piedsednictvo sekce obratilo na védeckou
radu symposia s Zadosti o zafazeni sekce Geotechnika se zaméfenim na pro-
blematiku negativnich viivii dobyvani na povrch a na problematiku staveb na
poddolovaném Gzemi do programu symposia v roce 2000, Tento navrh byl piijat.

Ing. Jifi RiZicka, CSc., SG - Geotechnika, a. s.

4TH INTERNATIONAL SYMPOSIUM ON TUNNEL
CONSTRUCTION AND UNDERGROUND
STRUCTURES - LJUBLJANA

' The tunnelling symposium which takes place every two years, was held on
September 23-25, 1998 in the capital of Slovenia — Ljubljana, The part of sym-
posium was also exhibition and excursion to nearby tunnelling structures.

The symposium included 38 papers, divided into 5 topics:
1. Geoengineering

2. Construction and Rehabilitation of Tunnels

3. Environmental Protection and Underground Construction
4. Underground Deposition of Waste Materials

5. Materials and Equipment

Presented papers involved broad relevant questions, | notice the most inter-
esting articles. In the first section it was the paper of Mandler and Kostiov, dea-
ling with GPR survey of old railway tunnels, serving for design of rehabilitation,
Especially extensive set of real cases, including interpretation of quality of lining,
structure and failures of rocks, water drainage system and s. .., is very worth-
while. Another paper of interest deals with analysis of using GPS for surveying
in tunnel construction (authors KoZelj and Potoénik).

In the section of construction and renovation of tunnels | was interesied in the
group of papers dealing with driving and supporting of tunnels under the conditi-
ons of very weak rocks represented by carboniferous slates with low strength
properties and high degree of fracturing and anisotropy. Those articles of authors
Likar et al. describe experience of recently built highway tunnels Golovec, which
were visited during technical field trips. The rock mass fs noted for a low stabill-
ty and large deformations as on the slopes in the area of portals as nearby the
excavated tunnel face. To ensure safe heading of tunnel it was necessary to
improve rocks nearby the excavated tunnel face with expensive dense network
of leng rock bolts (type IBO) round the all periphery of tunnel,

In the section also two Czech contributions were presented. They deal with
tunnel construction in urban areas (M. Uhilk — Subterra) and with lattice girders
as tunnel support (author of this article).

Accompanying technical exhibition included first of all Slovenian firms, Large
worldwice firms were represented by Atlas Copco, Sika, Weidmann a. o,

Generally it seems that in comparison with the last symposium in 1996 the
interest of external participants declined, which is connected partly with division
of markel (big share of Atlas Copco with state-owned company SCT), partly with
the lower progress in tunnelling towards original schedule. But the fact does not
reduce point of interest and professional level of presented topics.

Ing. Richard Sriupdrek, CSc., Ustav geoniky, AV CR

SYMPOSIUM “MINING PRIBRAM IN SCIENCE
AND TECHNOLOGY - 1998”

Alter a ten year break, the section Geotechnology, aimed at geotechnological
problems of the underground engineering was included in the agenda of the
symposium ,Mining Pribram in Science and Technology — 1998". The section
consisted of three subsections, viz. anomal effects of a rock massif upon underg-
round constructions, negative effects of underground structures upon the stabili-
ty of surface and surface constructions, and problems of large-profile mining
works. In the seclion there were made 17 lectures. In the seclion proceedings
there took part representatives of all top institutes and firms which are interested
in said problems in the Czech Republic, and even specialists from other countri-
es. Among the most interesting lectures the following ones may be mentioned:
the fecture of Prof. Ing. J. Aldorf, DrSc., concerning the excavalion sequence
during the tunnel driving, then the lecture of Ing. M. Koledkér concerning the exis-
ling geotechnical knowledge gained when driving large-profile tunnels, and the
lecture of RNDr. V. Rudajev, DrSc., concerning the negative effects of artificial
seismicity and mining shocks upon surface constructions. In official and unoffici-
al discussions there was drawn an increased attention fo the issue of negative
effects of a deep exploitation of hydro-thermal seam deposits and zone ones,
deposited in consolidated rock massifs, upon the stability of the surface and of
surface constructions, as well as io problems of large-profite tunnels. It was sla-
ted that an insufficient attention is paid in our republic to problems of mining
effects upon the surface, in spite of the fact, that, in the pasl, many serious cave-
ins occurred. Due to said reasons the section directorate asked the Scientific
Board of the Symposium, for the sect on Geotechnology, aimed al problems of
negative mining effects upon the surface and upon problems of constructions
built on an undermined territory, to be included in the agenda of the symposium
laking place in the year 2000. Said proposal was accepted.

Ing. Jiff RiZi¢ka, CSc., Geotechnika a. s.
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BIBLIOGRAFIE CLANKU A STATi UVEREINENYCH V CASOPISU TUNEL
CESKEHO TUNELARSKEHO KOMITETU A SLOVENSKEHO TUNELARSKEHO KOMITETU
ITA/AITES V ROCE 1998

ING. PAVEL POLAK

BIBLIOGRAPHY OF ARTICLES BEING PUBLISHED IN THE JOURNAL ,,TUNEL”
OF THE CZECH TUNNELLING COMMITTEE AND THE SLOVAK TUNNELLING COMMITTEE
ITA/AITES WITHIN THE YEAR 1998

Cislo  Strana Cislo
Issue Page Issue
UVODNIK Prispévek ke statice sekundérniho osténi pfi NRTM
Contribution to Statics of the Secondary Lining in NATM 1/98
EDITORIAL Ing. Ale$ Zapletal, DrSc.
Ing. Petr Kuchar 1/98 T vyznam podzemni laboratofe pro névrh a realizaci hiubinného
Ing. Petr Pohl 2/98 1 Glozisté vyhotelého jademého paliva
Ing. Ivan Sestak 3/98 1 Signicance of the Underground Rock Laboratory 1/98
Ing. Jindfich Hess 4/98 T Prof. Ing. lvan Vanigek, DrSc.
PODZEMNI URBANISMUS, VYHLEDOVE STAVBY, NORMY Stabilita pfihradové vyztuze do stitkaného betonu
UNDERGROUND PLANNING, PROSPECTIVE PROJECTS, tunelovych staveb
STANDARDS Stability of the Framework Reinforcement Used
into Shotcrete Tunnel Lining 2/98
InZenyrskogeologické poméry a podminky pro raZeni tuneld Ing. Richard Sriuparek, CSc.
na dalnici D8, tunel Prackovice Doc. Ing. Petr Horyl, CSc.
Engineering Geological Conditions for Tunnels Driving
on the D8 Highway, Prackovice tunnel 1/98 22 Vyhledavani podzemnich dutin geofyzikalnimi metodami
RANDr. Otakar Tesaf Looking for Underground Cavities Using Geophysical Methods 2/98

Ing. Milan Stoni$
Podzemn(i voda a pii¢ny fez tunelem

Ground Water in the Tunnel Cross Section 2/98 8  Razenie tunelov trhavinami s pouzitim valcovych zalomov
Ing. Ladislav Pazdera Design of Blasting in Tunnels by using Cylindric Cuts 2/98
Prof. Ing. Ondrej Dojéar, CSc.

O maceskach a détskych hfistich Ing. Andrea Molnarova
About Pansies and Playgrounds 2/98 28
Ing. FrantiSek Polak Vyznam trojdimenzionalnych konvergenénych merani vyrubov

L . ) . L i pri razeni tunelov NRTM
InZenyrskogeologické poméry a podminky pro razen tuneld Importance of Three-dimensional Convergence Measurements
na délnici D8, tunel Radejcin for New Austrian Tunnelling Method 3/98
Engineering Geological Conditions for Tunnels Driving Prof. Ing. Frantisek Klepsatel, CSc.
on the D8 Highway, Radejéin Tunnel 2/98 24
RNDr. Otakar Tesaf Mechanizmy ludského oka pri osvetleni dialniéného tunela

S The Mechanism of Human's Eye by lllumination
Déiniéni tunely of a Highway Tunnel 3/98
Highway Tunnels 3/98 5 Ing. Stanislav Kucera
Ing. Blazena Svitavska Doc, Ing. Jan Michalik, CSc.
Revize normy pro projektovani tunelli podzemnich komunikaci Certifikace a stiikany beton
Revised Standard for Design of Highway Tunnels 3/98 7 Certification and Shotcrete 3/98
Ing. Pavel Minaitk ing. Pavel Polak
Tunel Klimkovice Navrh tunelovacieho stroja (TBM) uréeného na razenie
Tunnel Klimkovice 3/98 20 tunelov Vigriové, Korbelka, Havran a Cebrat
Ing. Jifi Pechman Tunnel Boring Machine (TBM) Intended for Use

. - P . with Tunnels Visriové, Korbelka, Havran a Cebrat’ 3/98
InZenyrskogeologické poméry trebovického tunelu Ing. Martin Bakos, CSc
Engineering-geological Conditions of the Trebovice Tunnel 4/98 39 Ing. Viktoria Chran ové.
Ing. Jifi Pavlik, CSc. |ng' Oldfich Vlasic

TEORIE, VYZKUM, SLEDOVANI Ing. Jan Godan

THEORY, RESEARCH, MONITORING Pohled na vyvoj ¢eského podzemniho stavitelstvi

za poslednich 35 let o¢ima firmy Subterra a. s.

Razenie tunelov trhavinami s pouzitim valcovych zalomov Look at the Development of the Czech Underground
Design of Blasting in Tunnels by Using Cylindric Cuts 1/98 2 Engineering during the Last 35 Years from the Point
Prof. Ing. Ondrej Doj¢ar, CSc. of View of the Firm Subterra a. s. 4/98
Ing. Andrea Molnarova Ing. Miroslav Uhlk
Observaéni méfeni na piesypavaném dopravnim tunelu Statika NRTM: Kvasireologicka formulace vypoétu vlivu zrani
v lomu Hvizdalka a dotvarovani stifkaného betonu na linosnost a pietvoreni
Observation Measuring of the Earth — Covered Traffic Tunnel primarniho osténf
Structure in the Quarry HviZzdalka 1/98 6 Structural Engineering in the NATM: Quasirheological Analysis
Prof. Ing. Jifi Bartak, DrSc. of Shotcrete hardening and Creep Effects on the Stress
Mgr. Jaromir Machagek and Strain of Primary lining 4/98

Ing. Jaroslav Pacovsky Ing. Ale$ Zapletal
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PROVADENE STAVBY
PROJECTS UNDER CONSTRUCTION

Observaéni méfeni na pfesypavaném dopravnim tunelu

v lomu Hvizdalka

Observation Measuring of the Earth — Covered Traffic Tunnel
Structure in the Quarry Hvizdalka 1/98
Prof. Ing. Jifi Bartak, DrSc.

Mgr. Jaromir Machacek

Ing. Jaroslav Pacovsky

Kolektor Pfikopy

The Driving Kollector Piikopy 1/98
Ing. Jan Sochirek

Ing. Radko Rieger

Fotoreportaz ze tii dokoncenych tunelli

(Hfebeg, Strahovsky tunel, Brno — prazska radiala)

Photoreport on Three Completed Tunnels 1/98
Josef Husak

David Svéabenicky

Vystavba razeného energotunelu Praha-Cerveny vrch
Driven Cable tunnel Construction Praha-Cerveny vich 2/98
Ing. Petr Pohl

Severni portal tunelu Mrazovka
Northern portal of the Mrdzovka Tunnel 2/98
Prof. Ing. Jifi Bartak, DrSc.

Vystavba dialni¢ného tunela Konigsheiner Berge v SRN
Construction of the Kdnigsheiner Berge Tunnel

in the Federal Republic of Germany 2/98
Prof. Ing. Frantisek Klepsatel, CSc.

Stoka XIII Liberec
Trunk Sewer Xlli Liberec 3/98
Ing. Otakar Fabidn

Ctvrty tunel pod Labem
The 4th Tube of the Elbe Tunnel 3/98
Ing. Stanislav Drabek

Pohled na vyvoj ¢eského podzemniho stavitelstvi

za poslednich 35 let ofima firmy Subterra a. s.

Look at the Development of the Czech Underground

Engineering during the Last 35 Years from the Point

of View of the Firm Subterra a. s. 4/98
Ing. Miroslav Uhlik

Ctvrty provozni Usek trasy B prazského metra je uveden

do provozu

The Forth Operational Section of the Line B

of the Prague Metro Is SET to Operation 4/98
Ing. Josef Kutil

Ing. Georgij Romancov

Ing. Petr Vozarik

Tunel pod Mrézovkou v Praze

The Tunnel under the Mrazovka Hill in Prague 4/98
Ing. Pavel Krasny

Ing. Zdenék Nekvasil

Reseni tunelu pod Mrazovkou

Solution of the Tunnels under the Mrdzovka Hill 4/98
Ing. Josef Dvofak

Ing. Michal Gramblicka

Ing. Jaroslav Néemecek

ing. Ludvik Sajtar

Tunel Branisko — zmeny v procese projektovej pripravy stavby

The Branisko Tunnel — Changes in the Process of the Design
Preparation of Its Structure 4/98
Ing. Miloslav Frankovsky

DOPRAVNI STAVBY
TRANSPORT PROJECTS

Observaéni méfeni na piesypavaném dopravnim tunelu
v lomu Hvizdalka
Observation Measuring of the Earth — Covered Traffic Tunnel
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Structure in the Quarry Hvizdalka
Prof. Ing. Jifi Bartak, DrSc.

Mgr. Jaromir Machéacek

Ing. Jaroslav Pacovsky

Fotoreportaz ze tif dokonéenych tunelt

(Hffebec, Strahovsky tunel, Brno — prazska radiéla)
Photoreport on Three Completed Tunnels

Josef Husak

David Svabenicky

Podzemni voda a piiény fez tunelem
Ground Water in the Tunne! Cross Section
Ing. Ladislav Pazdera

Severni portal tunelu Mrazovka
Northern portal of the Mrézovka Tunnel
Prof. Ing. Jifi Bartak, DrSc.

Metro — Bratislava
Metro — Bratislava
Ing. Pavel Vigek

Vystavba diaii¢ného tunela Konigsheiner Berge v SRN
Construction of the Kénigsheiner Berge Tunnel

in the Federal Republic of Germany

Prof. Ing. Frantidek Klepsatel, CSc.

Revize normy pro projektovani tuneldl podzemnich komunikact
Revised Standard for Design of Highway Tunnels
Ing. Pavel Minafik

Ctvrty tunel pod Labem
The 4th Tube of the Elbe Tunnel
Ing. Stanislav Drabek

Ctvrty provozni Usek trasy B prazského metra je uveden
do provozu

The Forth Operational Section of the Line B

of the Prague Metro is set into Operation

Ing. Josef Kutil

Ing. Georgij Romancov

Ing. Petr Vozarik

Tunel pod Mrazovkou v Praze

The Tunnel under the Mrazovka Hill in Prague
Ing. Pavel Krasny

Ing. Zdenék Nekvasil

Reseni tunelu pod Mrazovkou

Solution of the Tunnels under the Mrazovka Hill
Ing. Josef Dvofak

Ing. Michal Grambli¢ka

ing. Jaroslay Némecek

Ing. Ludvik Sajtar

Tunel Branisko — zmeny v procese projektovej pripravy stavby
The Branisko Tunnel — Changes in the Process

of the Design Preparation of the Structure

Ing. Miloslav Frankovsky

METRO

Metro — Bratislava
Metro — Bratislava
Ing. Pavel VIéek

Ctvrty provozni Usek trasy B prazskeého metra je uveden
do provozu

The Forth Operational Section of the Line B

of the Prague Metro Is SET to Operation

Ing. Josef Kutil

Ing. Georgij Romancov

Ing. Petr Vozarik

KANALIZACE, KOLEKTORY, MALE PROFILY

SEWERAGE, UMLITY TUNNELS, SMALL PROFILE TUNNELS

Kolektor Pfikopy

The Driving Collector Prikopy
Ing. Jan Soch(irek

Ing. Radko Rieger
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Tunel

Rekonstrukce stoky ,C"
Rehabilitation of the Trunk Sewer ,C”
Ing. Milo$ Hrachovec

vystavba razeného energotunelu Praha-Cerveny vich
Driven Cable tunnel Construction Praha-Cerveny vrch
Ing. Petr Pohl

Stoka XIII Liberec
Trunk Sewer XlIf Liberec
Ing. Otakar Fabian

SANACE, REKONSTRUKCE, UDRZBA, OPRAVY
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Issue

1/98

2/98

3/98
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REHABILITATION, RENOVATION, MAINTENANCE, REPARATIONS

Rekonstrukce stoky ,C*
Rehabilitation of the Trunk Sewer ,C”
Ing. Milo§ Hrachovec

Inzenyrskogeologické poméry tfebovického tunelu
Engineering-geological Conditions of the Trebovice Tunnel
Ing. Jifi Pavlik, CSc.

ZE SVETA PODZEMNICH STAVEB
WORLD OF UNDERGROUND CONSTRUCTION

Havarie tunelu saopaulského metra budovaného
metodou NRTM
Ing. Miloslav Novotny

Falsmouth — vylepSeni kanalizaéni sité
Ing. Miloslav Novotny

Prerazka prieskumnej $tdine tunela Branisko
Ing. Jozef Frankovsky

Vystavba tunelu Engelberg v SRN
Ing. Vladimir Prajzler

Alternativni vyuziti podzemnich prostor
Doc. Ing. Milan Kaspar, CSc.

Podzemni stavby a hydroenergetika v Zillertalskych Alpach
Ing. Miloslav Novotny

TECHNICKE ZAJIMAVOSTI
TECHNICAL MATTERS OF INTEREST

Transjaponska dalni¢ni tepna v provozu
Ing. Karel Matzner

Podzemni elektrarna na stlaceny vzduch
Ing. Richard Snuparek, CSc.

TUNELARSKE OSOBNOSTI
TUNNELLING PERSONALITIES

Prof. Ing. FrantiSek RZiha, tvlrce teorie tunelového stavitelstvi
Ing. Jifi Kazda
Prof. Ing. Jifi Mencl

Prof. Ing. FrantiSek RZiha, author of the tunnelling engineering theory

Ing. Jifi Kazda
Prof. Ing. Jifi Mencl

ZPRAVY Z TUNELARSKYCH KONFERENCI ITA/AITES
NEWS FROM TUNNELLING CONFERENCES

Konference STUVA Tagung ‘97 v Berling
Ing. Libor Kubigek

Mezinarodni tunelaisky kongres 1998
Ing. Karel Matzner

Pracovni skupiny ITA/AITES - jejich sou¢asné ¢innosti
a zpracovavana témata
Ing. Véaclav Vales

Mezinarodni konference v Sankt Peterburgu 8. az 10. 9. 1998

Jedté jednou k svétovému tunelaiskému kongresu
v Sao Paulo: Open session
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ACTIVITIES OF PROFESSIONAL CORPORATIONS INTERESTED IN

UNDERGROUND CONSTRUCTION

Zapis z 2. koordinaéni schlizky zastupcli profesnich
spole€nosti zabyvajicich se problematikou zemniho

a horninového prostiedi a jeho vyztuzovanim 1/98 29
Ing. Karel Matzner
Konference spole¢nosti ISTT — No-dig 98 v Lausanne 3/98 31
Ing. Igor Fry¢
ZPRAVODAJSTVI CESKEHO TUNELARSKEHO KOMITETU
ITA/AITES
CZECH TUNNELLING COMMITTEE REPORTS
Zapis z plenarniho pracovniho zasedani CTuK ITA/AITES
ze dne 25. 11. 1997 1/98 30
Ing. Karel Matzner
Z jednani predsednictva CTuK, Svétovy tunelafsky kongres
v Sao Paulo, Valné shromazdéni ITA/AITES 2/98 32
Ing. Karel Matzner
Valné shromazdéni CTuK 3/98 31
Ing. Karel Matzner
Cesky tunelarsky komitét (CTuK) — desko-anglicka informace  4/98 49
SPRAVODAJSTVO ZO SLOVENSKEHO TUNELARSKEHO
KOMITETU ITA/AITES
SLOVAK TUNNELLING COMMITTEE REPORTS
Medzindrodna vystava a sympdsium Tunely ‘98 1/98 31
Tunely ‘98 3/98 32
Ing. Jozef Frankovsky
Slovensky tunelarsky komitét (STK) — slovensko-anglicka
informacia 4/98 50
Ing. Juraj Kelesi
KALENDARIUM ITA/AITES
CALENDAR ITA/AITES
Kalendaf ITA/AITES pro rok 1998 a ¢astecné 1999 1/98 31
Sekretariat CTuK
Kalendar akci ITA/AITES, tunelafskych kongrest
a konferenci k 21. 10. 1998 4/98 50
INFORMACE
INFORMATION
Co mizZete nalézt v knihovné CTuK ITA/AITES 1/98 32
Upozoriiujeme 1/98 32
TKPD — Tunely, podzemni objekty a galerie 1/98 32
Rozdéleni gesci mezi &leny redakéni rady asopisu Tunel 2/98 32
Prirdstky knihovny CTuK 3/98 32
Fotbalovy turnaj tunelard 3/98 32
PfirGstky knihovny CTuK 4/98 51
RUZNE
VARIOUS
Bibliografie ¢lanku a stati uvefejnénych v éasopisu Tunel
Ceskeého tuneldfského komitétu a Slovenského tunelarského
komitétu ITA/AITES v roce 1997 2/98  priloha
Ing. Pavel Polak supplement
Jmenny rejstiik autord statf ¢asopisu Tunel za rok 1997 2/98  piiloha
Ing. Pavel Polak supplement
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Bartak Jifi, Prof. Ing., DrSc.
Bartak Jifi, Prof. Ing., DrSc.

D

Dojéar Ondrej, Prof. Ing., CSc.
Dojéar Ondrej, Prof. Ing., CSc.
Drabek Stanislay, Ing.

Dvorak Josef, Ing.

F

Fabian Otakar, Ing.
Frankovsky Jozef, Ing.
Frankovsky Jozef, Ing.
Frankovsky Miloslav, Ing.
Fry¢ Igor, Ing.
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Godan Jan, Ing.
Gramblicka Michal, Ing.

H

Hess Jindfich, Ing.

Horék Vlastimil, Ing.

Horyl Petr, Doc. Ing., CSc.
Hrachovec Milos, Ing.
Husak Josef

CH
Chromova Vikiéria, Ing.

K

Kaspar Milan, Doc. Ing., CSc.
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Kelesi Juraj, Ing.

Klepsatel Frantisek, Prof. Ing., CSc.
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Pacovsky Jaroslay, Ing.
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S
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METROPROJEKT Praha

akciova spolecnost
l. P. Paviova 2/1786, 120 00 Praha 2, Ceska republika

METROPROJEKT

ZajiStujeme veskerou pfipravnou, projektovou i provadéci dokumentaci,
autorsky dozor a inzenyrskou ¢innost ve vSech oblastech inzenyrskych,
dopravnich i pozemnich staveb, ekologickych staveb, technologickych
zarizeni, mobilnich strojll, zafizeni a fidicich systému

NEJEN PRAZSKE METRO REPREZENTUJE NASI PRACI

Spojeni: Reditel spoleénosti tel.: [420]-(0)2/96 204 120
Technicky naméstek tel.: [420]-(0)2/96 204 124

telefonni ustredna: 420-2/96 154 111 fax: [420]-(0)2/96 204 122

e-mail: metroprojekt@metroprojekt.cz

\\ ANKRA, spol. s. r. 0.

Kontaktni adresa:

UTesly1
735 41 PETRVALD U KARVINE

TEL.: 069/6541792
069/6541113

FAX: 069/6541798 Vyroba a servis vyztuZovacich prvkua dalnich dél,
podzemnich staveb a tunelt

Vyrabime a dodavame :

A HYDRAULICKY UPINATELNE SVORNIKY SYSTEMU BOLTEX
A INJEKTAZNi SVORNIKY

A SN-KOTVY

A MECHANICKY UPINATELNE SVORNIKY

A PRIHRADOVE VYZTUZE

A SAMOZAVRTNE KOTVY

A LANOVE SVORNIKY

Provadime : i = ]
< OPRAVY KANALIZACNICH SITI BEZVYKOPOVOU TECHNOLOGIi
< INJEKTAZNi PRACE, KOTVENI HORNIN A ZEMIN
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Prvni Ceské spole¢nost
dodavajici komplexni technické vybaveni silni¢nich tunelu

REALIZUJEME KOMPLEXNf DODAVKY:

* Projektovou dokumentaci

e Integrovany fidici systém KERBERUS
* Dopravn{ systém

* Bezpecnostni systém

* Osvétleni

* Rizeni vzduchotechniky

* Rizeni energetiky

* Automatickeé zji§tovéani nehod

RIDICI SYSTEM MINIMALIZUJE PROVOZNI NAKLADY

Realizované zakazky:

Tunel HREBEC (Svitavy), STRAHOYV (Praha), KOHOUTOVA (Brno)

ELTODO, akciova spole¢nost
Novodvorska 14, 142 01 Praha 4
tel.: 02/6134 1111, fax: 02/6171 0669

CENIK INZERCE V CASOPISU ,, TUNEL*

PRICE LIST OF ADVERTISING IN THE JOURNAL , TUNEL*“

Pro éleny CTuK a tuzemské organizace:
For CTuC members:

UVNITR CASOPISU NA OBALCE CASOPISU
celostrankovy inzerat €ernobily 11 000 K&  celostrankovy inzerat barevny
celostrankovy inzerat barevny 14 000 Ké - 3. strana 20 000 K¢
pustrankovy inzerat éernobily 5500 K¢ celostrankovy inzerat barevny
— 4. strana 25 500 K¢é

Inzerce v celém roéniku - sleva 10 %
Redakce si vyhrazuje pravo regulace inzerce s ohledem na druh a velikost
podle poctu zajemct a jejich pozadavkd.
Cenik schvalen Redakéni radou &asopisu 8. 1. 1998.

For CTuC non-members from abroad:

One page 1A advertisement in colour 2 000 DM
Half-page advertisement in colour 1 000 DM
Advertising in the entire year’s volume - reduction 10%




SIETERAS

CIVIL ENGINEERING

TRANSPORT MANAGEMENT, INDUSTRIAL, WATER
AND APARTMENT BUILDINGS

CONSTRUCTION AND MODERNISATION OF RAILWAY
TRACKS

CONSTRUCTIONS AND RECONSTRUCTION OF BRIDGES
AND TUNNELS

UNDERGROUND CIVIL ENGINEERING AND MINE
STRUCTURES

DESIGN AND ENGINEERING ACTIVITIES,
ACCREDITED LABORATORY

SUBTERRA a.s.

Bezova 1658 Tel.: +420/2/4406 1111
147 14 Prague 4 Fax: +420/2/24446 6179
Czech Republic E-mail: info@subterra.cz

CONSULTING ENGINEER’S COMPANY SPECIALIZIED IN WATER
MANAGEMENT AND HYDROPOWER DEVELOPMENT

WITH ALMOST FORTY FIVE YEARS OF INTERNATIONAL EXPERIENCE IN DESIGNING
ENGINEERING STRUCTURES

OUR SERVICES:

% ENGINNERING, PLANNING AND DESIGN
OF WATER MANAGEMENT FACILITIES

k CONSULTATION AND ASSESSMENT

*k ENGINEERING ACTIVITIES

** TURNKEY DELIVERY

Botanicka 56, 656 32 BRNO Office Praha

tel.: +420/5/41554 111, fax: +420/5/4121 1205 Dé&lnicka 12, 170 04 PRAHA 7
E-mail: aquatis @aquatis.cz, http//www.aquatis.cz tel.: +420/2/6679 3313, fax: +420/2/6671 0973




TERRAPROJEKT a.s.

PROJEKCNA, INZINIERSKA
A KONZULTACNA CINNOST
V ODBOROCH :

- tunely a podzemné stavby

- cesty, dial’nice a zeleznice
- inZinierske siete - vodovody, kanalizacie
- vodohospodarske stavby
- ekologické stavby
- pozemné stavby

TERRAPROJEKT a.s, Podunajska 24, 821 06 Bratislava, Slovensko
tel.: 004217 455 23 771-9, fax: 004217 455 23 103, e-mail: terraprojekt@gtinet.sk




