22. rocnik, €. 3/2013 Volume 22, No. 3/2013

Tufel

TouflHel 3

CASOPIS CESKE TUNELARSKE ASOCIACE A SLOVENSKEJ TUNELARSKE) ASOCIACIE ITA-RITES
MAGAZINE OF THE CZECH TUNNELLING ASSOCIATION AND SLOVAK TUNNELLING ASSOCIATION ITA-AITES

L
f e

RS e ||

7 ]

/ / Bﬂ;»




' ‘ AMBERG

Silnice 142 Brno, VMO Debrovakého Pﬂhﬂﬂﬂhﬂnﬂ.ﬂmm 'IB‘H D4TOT - bunel Mimkovice, Stavha Monsvikoslarskiho kraje roky 2008

20 let AMBERG Engineering Brno, a.s.

tavapeiakihe ture . - Sdrace (62 Bma, VMO Dobrovského, Noflapd! dopraml a indenjrska stavba Jhomomvekithe kenjs 2012, Cena CHAIT 2 najlapd] projet rku 2012, Cestd doprmnd sdavba roki 2012

T

Ptaginskeho 10, Brno 602 00
fal: +420 541 432 611

Email: amberg@amberg.cz
W, amiberg. oz



22. rocnik, €. 3/2013

TuouHel

Podzemni stavby (vyvoj, vyzkum, navrhovani, realizace)
Casopis Ceské tunelaiské asociace a Slovenskej tunelarskej asociacie ITA-AITES
Zalozen Ing. Jaroslavem Granem v roce 1992

OBSAH

MK CRE 7122
ISSN 1211 - 0728

Editorial:

Ing. Tomas Ebermann, Ph.D., ¢len redakéni rady Casopisu Tunel ............ 1
Uvodniky:

Ing. Vlastimil Hordk, ¢len predstavenstva a feditel

AMBERG Engineering Bro, 8.5, ... ....ovouirtiiiaaataieanns 2
Ing. Martin Doskansky, generdlni feditel SMP CZ,a.s. ................... 3

Utast SMP CZ, a.s., na realizaci prodlouZeni trasy

metra V.A — Dejvicka — Motol

Petr Jelinek, SMP CZ, .8, .o v vttt e e e e e e [/}
Tunelovy komplex Blanka — Realizace spodni klenby definitivniho

osténi razeného tripruhového tunelu

Ing. Libor Stefan, SMP CZ, .8, ... ouvreeee e 9
Tunelovy komplex Blanka — Uprava povrchu podzemnich stén

hloubenych tunelu

Ing. Libor Stefan, SMPCZ,as. ........ 19000000000000000000000060000¢ 14
Razena odvodnovaci $tola vodniho dila Sance

Ing. Jaroslav Lacina, Ing. Lubomir Kostk, AMBERG Engineering Brno, a.s. . 19
Projekt a realizace sanace osténi Domasovského a Jivovského tunelu

Ing. Lubomir Kosik, Ing. Jaroslav Lacina, AMBERG Engineering Brno,a.s . .27
Navrh pristupovych Sachet na novém bazovém tunelu Semmering

Ing. Jan RoZek, Ing. Ondrej Jagr, AMBERG Engineering Brno, a.s,

DI Oliver Kai Wagner, OBB Infrastruktur AG . ......................... 36
Plaveny tunel Fehmarnbelt / Susanne K. Pedersen, Antonius J. H. Hemel,
RAMBOLL DENMARK, Steen Lykke, FEMERN A/S, Denmark .......... a4

Jak tcelné alokovat riziko nepredvidatelnych fyzikalnich podminek

u podzemnich staveb? / JUDr. Lukas Klee, Ph.D., LL.M, MBA,

Mgr. David Hruska, METROSTAV @.S. .. .....oviniitiniieanaenn... ) Li(|
Navrh razenych komor kabelového tunelu v Singapuru

Ing. Tomas Zitko,

Kurt Zeidler, Ph.D., CEng., GALL ZEIDLER CONSULTANTS ..........\ 63
FotoreportaZ ze stavby prodlouZeni trasy V.A prazského metra ......... n
Fotoreport4z z vystavby tunelového komplexu Blanka ................ Y/
Ze svéta podzemnichstaveb ...................................... 76
Zpravy z tuneldrskych konferenci ................. ... 79
Aktuality z podzemnich staveb v Ceské a Slovenské republice .......... 84
0 88
Zpravodajstvi Ceské tunelarské asociace ITA-AITES ................. 89

REDAKCNI RADA/EDITORIAL BOARD

Volume 22, No. 3/2013

TuouHel

Underground Construction (Development, Research, Design, Realization)
Magazine of the Czech Tunnelling Association and the Slovak Tunnelling Association ITA-AITES
Established by Ing. Jaroslav Gran in 1992

CONTENTS

MK CRE 7122
ISSN 1211 - 0728

Editorials:

Ing. Tomas Ebermann, Ph.D., Member of the Editorial Board .............. 1
Ing. Vlastimil Hordk, Member of the Board and Director

of AMBERG Engineering Brno,a.s. .. ..........c.oiiiiiiiina... 2
Ing. Martin Doskansky, The CEO of SMPCZ,a.s. ..................... 3

SMP CZ, ass., Pariticipation in Realisation of 5th Extension of Metro Line A
(Metro V.A) from Dejvicka Station to Motol

PetrJelinek, SMP CZ, 2.8, . . . oo oottt e e e e e q
Blanka Complex of Tunnels — Realisation of Invert of Final Lining

of Mined Triple-Lane Tunnel / Ing. Libor Stefan, SMP,CZ,a.s. ........... 9
Blanka Complex of Tunnels — Surface Finishing of Diaphragm Walls

in Cut-and-Cover Tunnels / Ing. Libor Stefan, SMP,CZ,a.s. ............ 14

Mined Drainage Gallery of Sance Water Works

Ing. Jaroslav Lacina, Ing. Lubomir Kosik, AMBERG Engineering Brno, a.s. .19
Design and Realisation of Rehabilitation of Domasov and Jivova Tunnels
Lining / Ing. Lubomir Kosik, Ing. Jaroslav Lacina,

AMBERG Engineering Brno, a.s. ... ........coureiureanineanneann... 27
Design for Access Shafts on New Semmering Base Tunnel

Ing. Jan RoZek, Ing. Ondrej Jagr, AMBERG Engineering Brno, a.s,

DI Oliver Kai Wagner, OBB Infrastruktur AG . ........................ 36
The Fehmarnbelt Immersed Tube Tunnel / Susanne K. Pedersen,

Antonius J. H. Hemel, RAMBOLL DENMARK,

Steen Lykke, FEMERN A/S, Denmark ... ............covueeuuieenn... a4
How to Efficiently Allocate the Risk of Unforeseeable Physical Conditions

in Underground Construction? / JUDr. Lukas Klee, Ph.D., LL.M, MBA,

Mgr. David Hruska, METROSTAV @.8. ... ouvvtiteeeaieeneanns. 5
SCL Tunnel Adits Design of Cable Tunnel in Singapore

Ing. Tomas Zitko,

Kurt Zeidler, Ph.D., CEng., GALL ZEIDLER CONSULTANTS .......... 63
Picture Report from Prague Metro V.A Line Extension Site ........... n
Picture Report from the Blanka Complex of the Tunnels Construction . . .72
The World of Underground Constructions ......................... 76
News from Tunnelling Conferences ............................... 79
Current News from the Czech and Slovak Underground Construction . .84
ANNIVErsaries . ............... .. 88
Czech Tunnelling Association ITA-AITES Report ................... 89

Cesti a slovensti ¢lenové / Czech and Slovak members

prof. Ing. Jifi Bartdk, DrSc. — Stavebni fakulta CVUT v Praze (pfedseda/Chairman)
Ing. Tomas Ebermann, Ph.D. — ARCADIS Geotechnika a.s.

Ing. Miloslav Frankovsky — TERRAPROJEKT, a. s.

Ing. Otakar Hasik —- METROPROJEKT Praha a. s.

doc. Ing. Matous Hilar, Ph.D. — 3G Consulting Engineers, s.r.o.

doc. Ing. Vladislav Hordk, CSc. — VUT Brno, FAST

doc. RNDr. Eva Hrubesové, Ph.D. — VSB-TU Ostrava

RNDr. Radovan Chmelar, Ph.D. — PUDIS a.s.

Ing. Vikt6ria Chomovd — NARODNA DIALNICNA SPOLOCNOST, a. s.
Ing. Jin Kusnir — Reming Consult a. s.

Ing. Josef Kutil — InZenyring dopravnich staveb a.s.

Ing. Libor Marik — IKP Consulting Engineers, s. r. 0.

doc. Dr. Ing. Jan Pruika — Stavebni fakulta CVUT v Praze

prof. Ing. Pavel Pfibyl, CSc. — ELTODO EG, a.s.

Ing. Pavel Ruzi¢ka, Ph.D. — Mott MacDonald CZ, spol. s r.0.

Ing. Boris Sebesta — METROSTAV a.s.

doc. Ing. Richard Siiuparek, CSc. — Ustav geoniky AVCR v.v.i.

VYDAVATEL

Ceska tunelarskd asociace a Slovenska tuneldrska asocidcia ITA-AITES pro vlastni potiebu

DISTRIBUCE

Clenské stity ITA-AITES
¢lenové EC ITA-AITES
¢lenské organizace a ¢lenové CzTA a STA

externi odbératelé

povinné vytisky 35 knihovndm a dal$im organizacim

REDAKCE

Délnickd 12, 170 00 Praha 7, tel./fax: +420 266 793 479

e-mail: novotny @ita-aites.cz a pruskova@ita-aites.cz
web: http://www.ita-aites.cz

Vedouci redaktor: Ing. Miloslav Novotny .
Odborni redaktori: doc. Dr. Ing. Jan Pruska, Ing. Pavel Sourek,

Ing. Jozef Frankovsky
Grafické zpracovani: DTP Martin Pek, nam. T. G. Masaryka 737,290 01 Podébrady
Tisk: HR.G.spol.sr. 0., Litomysl
Foto na obdlce: Vystavba hloubené stanice Motol na tdseku V.A prazského metra
(foto archiv HOCHTIEF CZ, a.s.)

Ing. Pavel Sourek — SATRA, spol. s r.0.

Ing. Ondrej Vida — SKANSKA SK, a. s.

Ing. Jan Vintera — SUBTERRA a.s.

Ing. Jaromir Zldmal — POHL CZ, a.s.

CzTA ITA-AITES: Ing. Miloslav Novotny, Ing. Markéta Pruskovd, Ph.D.

Zahranic¢ni ¢lenové / International members

Prof. Georg Anagnostou — ETH Ziirich, Switzerland

Dr. Nick Barton — NICK BARTON & ASSOCIATES, Norway

Prof. Adam Bezuijen — GHENT UNIVERSITY, Belgium

Prof. Tarcisio B. Celestino — UNIVERSITY OF SAO PAULO, Brazil
Dr. Vojtech Gall - GALL ZEIDLER CONSULTANTS, USA

Prof. John A. Hudson — IMPERIAL COLLEGE, UK

Prof. Dimitrios Kolymbas — UNIVERSITY OF INNSBRUCK, Austria
Prof. In-Mo Lee —- KOREA UNIVERSITY, South Korea

Prof. Daniele Peila — POLITECNICO DI TORINO, Torino, Italy

Prof. Wulf Schubert - GRAZ UNIVERSITY OF TECHNOLOGY, Austria
Prof. Ove Stephansson — GFZ Potsdam, Germany

Prof. Walter Wittke — WBI GmbH, Germany

PUBLISHED FOR SERVICE USE
by the Czech Tunnelling Association and the Slovak Tunnelling Association ITA-AITES

DISTRIBUTION

ITA-AITES Member Nations

ITA-AITES EC members

CzTA and STA corporate and individual members

external subscribers and obligatory issues for 35 libraries and other subjects

OFFICE

Délnickd 12, 170 00 Praha 7, tel./fax: +420 266 793 479

e-mail: novotny @ita-aites.cz and pruskova@ita-aites.cz
web: http://www.ita-aites.cz

Editor-in-chief:
Technical editors:

Ing. Miloslav Novotny

doc. Dr. Ing. Jan Pruska, Ing. Pavel Sourek,

Ing. Jozef Frankovsky

DTP Martin Pek, ndm. T. G. Masaryka 737,290 01 Podébrady
H.R.G. spol. s r. 0., Litomysl

The Construction of the Cut-and-Cover Motol Station on

the Section of Prague Metro Line A (photo Hochtief’s archiv)

Graphic designs:
Printed:
Cover photo:



CLENSKE ORGANIZACE CESKE TUNELARSKE ASOCIACE
A SLOVENSKEJ TUNELARSKEJ ASOCIACIE ITA-AITES

MEMBER ORGANISATIONS OF THE CZECH TUNNELLING ASSOCIATION
AND SLOVAK TUNNELLING ASSOCIATION ITA-AITES

CzTA:

STA:

Cestni dlenové:

Prof. Ing. Josef Aldorf, DrSc.
Prof. Ing. Jifi Bartdk, DrSc.
Ing. Jindfich Hess, Ph.D.
Ing. Karel Matzner

Clenské organizace:

AMBERG Engineering Brno, a.s.
Ptasinského 10

602 00 Brno

Angermeier Engineers, s.r.0.
Prazskd 810/16
102 21 Praha 10

Ankra Tech s.r.o
U Tesly 1825
735 41 Petivald u Karviné

ANTON VOREK
Kunin 316
742 53 Kunin

AZ Consult, spol. s r.0.
Klisskd 12

400 01 Usti nad Labem
ARCADIS CZ ass.
Geologicka 4/988

152 00 Praha 5

BASF Stavebni hmoty
Ceskd republika s.r.o.
K Mdjovu 1244
53701 Chrudim

Stavebni fakulta CVUT v Praze
Thékurova 7
166 29 Praha 6

EKOSTAV as.
Brigddnika 3353/351b
100 00 Praha 10

ELTODO EG, as.
Novodvorskd 1010/14
142 00 Praha 4

Energie - stavebni a banskd a.s.
Vasickova 3081
272 04 Kladno

GeoTec-GS, a.s.
Chmelova 2920/6
106 00 Praha 10-Zabéhlice

GEOtest, a.s.
Smahova 1244/112
627 00 Brno

HOCHTIEF CZ a.s.
Plzeriskd 16/3217
150 00 Praha 5

IKP Consulting Engineers, s.r.0.
Classic 7 — budova C
Jankovcova 1037/49

170 00 Praha 7

ILF Consulting Engineers, s.r.0.
Jirsikova 538/5
186 00 Praha 8

INSET s.ro.
Lucemburska 1170/7
130 00 Praha 3-Vinohrady

InZenyring dopravnich staveb a.s.
Na Moréni 3/360
128 00 Praha 2-Nové Mésto

KELLER - specidlni zakladanti, spol. s . o.
Na Pankraci 1618/30
140 00 Praha 4

MAPEI, spol. s r.o.
Smetanova 192/33
772 11 Olomouc

METROPROJEKT Praha a.s.
1. P. Pavlova 1786/2
120 00 Praha 2

METROSTAV as.
KozZeluzskd 2246
180 00 Praha 8

Minova Bohemia s.r.o.
Lihovarska 10
716 03 Ostrava-Radvanice

Mott MacDonald CZ, spol. s r.0.
Niérodni 984/15
110 00 Praha 1

OHLZS, as.
Buresova 938/17
602 00 Brno-Veveii

PERI, spol. s r.0.
Pramyslovd 392
252 42 Jesenice

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

Poyry Environment a.s.
Botanicka 834/56
656 32 Brno

PRAGOPROJEKT, as.
K Rysdnce 1668/16
147 54 Praha 4

Promat s.r.o.
V. P. Ckalova 22/784
160 00 Praha 6

PROMINECON CZ a.s.
Revolu¢ni 25/767
110 00 Praha 1

PUDIS as.
Nad vodovodem 2/3258
100 31 Praha 10

REDITELSTVI SILNIC A DALNIC CR
Cercanskd 12
140 00 Praha 4

SATRA, spol. s r.o.
Sokolska 32
120 00 Praha 2

SIKA CZ,s.ro.
Bystrcka 1132/36
624 00 Brno

SMPCZ,as.

Pobiezni 667/78

186 00 Praha 8

SPRAVA ULOZIST X
RADIOAKTIVNICH ODPADU
Dlazdénd 1004/6

110 00 Praha 1-Nové Mésto

SUBTERRA ass.
Bezovad 1658
147 14 Praha 4

SUDOP PRAHA as.
Olanskd 2643/1a
130 80 Praha 3

SZDC,s. 0.
Dlazdénd 1003/7
110 00 Praha 1

UNIVERZITA PARDUBICE
Dopravni fakulta Jana Pernera
Studentskd 95

532 10 Pardubice

USTAV GEOLOGICKYCH VED
Prirodovédeckd fakulta
Masarykovy univerzity v Brné
Kotldrskd 267/2

611 37 Brno

USTAV GEONIKY AV CR, v.v.i.
Studentska ul. 1768
708 00 Ostrava-Poruba

VIS, as.
Bezova 1658
147 01 Praha 4

VOKD, a.s.
Nakladni 1/3179
702 80 Ostrava-Moravskd Ostrava

FAKULTA STAVEBNI VUT v Brné
Veveri 331/95
602 00 Brno

VYSOKA SKOLA BANSKA
TU OSTRAVA

tr. 17. listopadu

708 33 Ostrava-Poruba

Zakladani Group a.s.
U Rakovky 849
148 00 Praha 4-Kunratice

3G Consulting Engineers s.r.0.
Na usedlosti 513/16

office: Zeleny pruh 95/97

140 00 Praha 4

Cestni dlenovia:

doc. Ing. Koloman V. RATKOVSKY, CSc.
Ing. Jozef FRANKOVSKY

prof. Ing. FrantiSek KLEPSATEL, CSc.
Ing. Juraj KELESI

Clenské organizacie:
ALFA 04, a.s.
Jasikova ul. 6

821 03 Bratislava

AMBERG Engineering Slovakia, s. 1. 0.

Somolického 819/1
811 06 Bratislava

APOLLOPROJEKT,s.r. 0.
VIcie hrdlo

P.O.BOX 56

820 03 Bratislava

BANSKE PROJEKTY, s. . 0.
Mileti¢ova ul. 23
821 09 Bratislava

BASF Slovensko, s. 1. 0.
Prievozskd 2
821 09 Bratislava

BASLER & HOFMANN SLOVAKIA,
S.T.0.

Panenska 13

811 03 Bratislava

BEKAERT Hlohovec, a. s.
Mierova ul.2317
929 28 Hlohovec

DOPRASTAV, a. s.
Driefiova ul. 27
826 56 Bratislava

DOPRAVOPROJEKT, a. s.
Komindrska 2.4
832 03 Bratislava

GEOCONSULT, spol. s r. 0.
Mileti¢ova 21

P.O.BOX 34

820 05 Bratislava

GEOFOS, spol. s . 0.
Velky diel 3323
010 08 Zilina

GEOMONTA-HARMANEG, spol. s 1. 0.

Majerska cesta 36
974 01 Banskad Bystrica

GEOstatik, a. s.
Bytcickd 32
012 27 Zilina

HYDROBETON,s.r. 0.
Stavitel’ska 3
831 04 Bratislava

HYDROTUNEL, spol. s r. 0.
Mojmirova ul.14

P.O.BOX 16

927 01 Bojnice

IGBM,s. 1. 0.
Chrenovec 296
972 32 Chrenovec-Brusno

K-TEN Turzovka, s.r. 0.
Vysoka nad Kysucou 1279
023 55 Vysoka nad Kysucou

MACCAFERRI CENTRAL EUROPE,
spol.sr. 0.

Stvernik 662

906 13 Brezova pod Bradlom

MAPEI SK,, s.r. 0.
Nddraznd 39
900 28 Ivanka pri Dunaji

MC - BAUCHEMIE, s. r. 0.
Na Pantoch 10
831 06 Bratislava

NARODNA DIAENICNA SPOLOC-
NOST, a.s.

Mlynské nivy 45

821 09 Bratislava

PERI, spol. s . 0.
Pribilynské 10
831 04 Bratislava

PUDOS PLUS, spol.sr. 0.
Racianske Myto 1/A
839 21 Bratislava 32

PRIRODOVEDECKA FAKULTA UK
Katedra inZinierskej geolégie
Mlynskd dolina G

842 15 Bratislava

REMING CONSULT, a. s.
Trnavska 27
831 04 Bratislava

RENESCO, a.s.
Panenskd 13
811 03 Bratislava

SIKA SLOVENSKO, spol. s r. 0.
Rybni¢na 38/e
831 06 Bratislava

SKANSKA SK, a. s.
Zavod Tunely
Kosovskd cesta 16
971 74 Prievidza

SLOVENSKA SPRAVA CIEST
Mileti¢ova ul. 19
826 19 Bratislava

SLOVENSKE TUNELY, a. s.
Lamacdsk4 cesta 99
841 03 Bratislava

SM7,a.s.
Organizacna zlozka
Mlynské nivy 41
821 09 Bratislava

SOLHYDRO, spol. s . 0.
Ponénska cesta 17
P.O.BOX 169

850 00 Bratislava

STI, spol.s . 0.
Hlavna 74
053 42 Krompachy

STU, Stavebna fakulta
Katedra geotechniky
Radlinského 11

813 68 Bratislava

SWISSGREEN, spol. s . 0.
Sumavska ul. 15

602 00 Brno

Ceskad republika

TAISEI CORPORATION,
Organizacna zlozka Slovakia
Diibravska cesta 9

P.O.Box 113

840 05 Bratislava 45

TECHNICKA UNIVERZITA

Fakulta BERG

Katedra dobyvania loZisk a geotechniky
Katedra geotech. a doprav. stavitel‘stva
Letnd ul. 9

042 00 Kosice

TERRAPROJEKT, a. s.
Podunajska 24
821 06 Bratislava

TUBAU, a.s.
Bytcickd 89

010 09 Zilina
TUCON, a.s.
Priemyselnd 2
010 01 Zilina

URANPRES, spol. s r. 0.
Frana Krala 2

052 80 Spisskd Nova Ves
USTAV GEOTECHNIKY SAV
‘Watsonova ul. 45

043 53 Kosice

VAHOSTAV-SK, a. s.
Hlinsk4 40
010 18 Zilina

VUIS-Zakladanie stavieb, spol. s r. 0.
Kopcanska 82/c
851 01 Bratislava

ZELEZNICE SR
Klemensova 8
813 61 Bratislava

ZILINSKA UNIVERZITA

Stavebnd fakulta, blok AE

Katedra geotechniky,

Katedra technoldgie a manazmentu stavieb
Univerzitnd 8215/1

010 26 Zilina



22. rotnik - €. 3/2013 Tuel

Véazeni a mili Ctenart,

&islo Tunelu, které otevirate, je vyjimené. Vychazi totiz v dobé, kdy se v Ceské a Slovenské republice, aZ na vyjimky, tunely nerazi. Ty vyjimky se daji
spocitat na prstech jedné ruky neSikovné obsluhy okruzni pily a najdete je v rubrice Ze svéta podzemnich staveb. Razi se malo proto, Ze by nebyly peni-
ze? Kdepak, jen tim to neni. Nékam se vytrci schopni odbornici na strané investoru, ktefi védi co chtit a umi rozhodovat. Nedivme se, Ze jich rychle
ubyva. Vzdyt okrajové podminky pro jejich préci se neustdle kymsi shora meni.

Pres tuto neradostnou situaci, které dnes musime spolecne Celit, se nam povedlo nové &islo Tunelu naplnit zajimavymi ¢ldnky. A to i s va$im prfispénim.

Cislo 3/2013 je vénovéno dvéma spolecnostem, které nenf potieba dlouze predstavovat. Jsou to firmy AMBERG Englneermg Bmo, as.,a SMPCZ, a.s.

Prvni jmenovanou spolecnosti je brnénska filidlka Svycarské projekcni firmy AMBERG ENGINEERING. Clénky autord této spolecnosn vds sezna-
mi s projekty odvodiovaci §toly pro prehradu Sance (autofi Lacina a Kosik), rekonstrukce Zelezni¢nich tuneli Domagovsky a Jivovsky (autofi Kosik
a Lacina) a s ndvrhem pristupovych Sachet na novém bazovém tunelu Semmering (autori Jagr, RoZek a Wagner)

Spolecnost AMBERG Engineering Brno, a.s., zndme z nasich tunelovych staveb velmi dobre. Je to i proto, Ze projekéni tym sloZeny ze starSich zku-
Senych i mladych nadéjnych prOJektantu se nebOJl prosazovat neotield projekéni feSeni. Z tunell, kde spole¢nost AMBERG Engineering Brno,
a.s., pusobila ]ako projektant, zminme Plsarecky tunel. Je to tunel, na kterém bylo poprvé v Ceské republice a na Slovensku navrZeno a zrealizovano
sekundarnl osténi z prostého betonu. A pripomenme Kralovopolsky tunel, kde prOJektant navrhl a prosadil u nas nestandardni feSeni samotnych razeb
umoznujici tunel bezpecné vyrazit. Navzdory pocatecm nedivére velké Casti nasi tuneldfské vefejnosti.

Druhou spoletnosti, které je toto &islo vénovéno, je firma SMP CZ, a.s. Clanky autorti této spoletnosti vés sezndmi s piiklady projektd, kde firma
dodavd a provadi trvalé betonové konstrukce. Jsou to ¢lanky o tratovych tunelech na prodlouZent trasy linky V.A prazského metra a o sdruzeném vzdu-
chotechnickém objektu tamtéz od kolegy Jelinka. Déle se doctete o stavbé méstského okruhu v Praze. Konkrétné o betondZi spodni klenby razeného
tiipruhového tunelu a o dpravé povrchu mildnskych podzemnich stén od kolegy Stefana.

Spoletnost SMP CZ, a.s., pusobi jako dodavatel a zhotovitel betonovych konstrukei na podzemnich stavbach a nejen tam. A na poli betonovych kon-
strukci neni Zadnym novackem. Vzdyt Specidlni zdvod pro inZenyrské konstrukce z predpjatého betonu, predchudce dnesni SMP CZ, as., byl
u ndrodniho podniku Stavby silnic a Zeleznic zfizen pied Sedesiti lety.

Novy Tunel je nabit i dalsimi informacemi. Napf. ¢lanky o rekordné dlouhém plaveném tunelu pod Fehrmanovou tZinou v Dansku od kolegu
Hemela, Lykkeho a Pedersonové nebo o singapurském kabelovém tunelu od kolegu Zedleira a Zitka. Clankem, na ktery by byla skoda neupozornit, je
i text o pridélovani a rozdélovani rizik na tunelovych projektech obecné od kolegu Hrusky a Kleeho. Nedte se lehce, ale za tu ndmahu rozhodné stoji.

Pieji mnoho zdaru viem ¢tendfum Tunelu a at’se razi. Zdar Buh! .

ING. TOMAS EBERMANN, Ph.D.,
clen redakcni rady

Dear readers,

the TUNEL journal issue you are just opening is exceptional. It has been issued at the moment when no tunnels are being driven in the Czech and Slovak
Republics. The exceptions can be counted on the fingers of one hand of an unskilful operator of a circular saw, and you will find them in the column “The
world of underground construction”. Is the lack of money the reason why tunnelling projects are so scarce? Not a bit of it, it is not the only reason. It is so
because competent professionals knowing what is to be wished and capable of making decisions have gradually disappeared. Do not be surprised that they
are fast disappearing. After all, boundary conditions for their work are incessantly changed by somebody above.

Despite this bleak situation all of us have today to face, we have succeeded in filling this TUNEL issue with interesting papers. It is also thanks to your con-
tribution.

Issue No. 3/2013 is dedicated to two companies, which do not need long introduction: AMBERG Engineering Brno a. s. and SMP CZ, a. s.

The first company is the Brno-based branch of AMBERG ENGINEERING, a Swiss designing company. Papers by authors from this company, co lleagu-
es Lacina and Kosik, will acquaint you with designs for a drainage gallery for Sance dam and for the reconstruction of the Domagov and Jivova railway tun-
nels and papers by colleagues Jdgr, RoZek and Wagner will inform you about the design for access shafts on the New Semmering Base Tunnel.

AMBERG Engineering Brno a. s. has been very well known to us from tunnel construction projects. The reason, among others, is even the fact that the
designing team formed by older experienced as well as young promising designers is not afraid of advancing unconventional design solutions. Of the tunne-
ls where AMBERG Engineering Brno a. s. worked as the designer, let us mention the Pisdrky tunnel. This is the tunnel where an unreinforced concrete lining
was designed and implemented for the first time in the Czech Republic and the Slovak Republic. Let us also remember the Krdlovo Pole tunnel, where the
designer proposed and enforced a solution to the excavation itself, which was non-standard in our country, which allowed safe driving of the tunnel, despite
initial scepticism of a major part of the tunnelling public.

The second company this issue is dedicated to is SMP CZ, a. s. Papers by authors from this company will acquaint you with examples of projects where it
supplies and executes permanent concrete structures, namely papers on running tunnels on the 5th extension of Prague metro Line A and the combined venti-
lation structure on this metro line by colleague Jelinek. In addition you will read about the City Circle Road construction in Prague. Specifically, about the
casting of the concrete invert of the mined triple-lane tunnel and the finishing of surfaces of diaphragm walls by colleague Stefan.

SMP CZ a. s. works as a supplier and builder of concrete structures for underground construction projects and not only for them. It is certainly not a begin-
ner in the field of concrete structures. The Special plant for pre-stressed concrete structures, the predecessor of today’s SMP CZ a. s., was established at the
national enterprise Stavby Silnic a Zeleznic sixty years ago.

The new TUNEL is packed with other information, for example papers on a record-long immersed tunnel under the Fehmarnbelt strait in Denmark by col-
leagues Hemel, Lykke and Pederson or on a Singapore cable tunnel by colleagues Zedleir and Zitko. A paper which it would have been a pity not to draw
your attention to is also the text by colleagues HruSka and Klee on risk allocation and distribution at tunnelling projects. It is not easy to read, but it is certa-
inly worth the effort.

I wish TUNEL readers lot of success and tunnelling work. God speed you!

ING. TOMAS EBERMANN, Ph.D.
Member of the Editorial Board
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VAZENI CTENARI,

Jakkoli se to zdd neskutecné, spolecnost AMBERG Engineering Brno,
a.s., muZe v leto§nim roce slavit jiZ 20 let od svého zaloZeni. Dovolte mi, abych
se u této prileZitosti ohlédl za témito dvaceti lety. Ne vSechna byla stejné dspés-
nd. Firma musela pfekonat nejedno obtizné obdobi, v souhrnu si ale dovolim
tvrdit, Ze se nemédme za co stydét.

AMBERG Engineering Brno, a. s., byla zaloZena jako prvni zahrani¢nf fili-
dlka spole¢nosti AMBERG ENGINEERING AG (tehdy jest¢ AMBERG
INGENIEURBURO AG). Dnes predstavuje skupina firem Amberg Group
ndsledujici spolecnosti: AMBERG TECHNOLOGIES AG, Versuchsstollen
Hagerbach AG a sedm projekénich a inZengrskych kanceldff v sedmi riznych
zemich svéta (Svycarsko, CR, SR, Spandlsko, Singapur, Malajsie a Indie).
V jednani je dale zfizeni filidlek v USA a v Norsku. V letosnim roce pasobi jiz
rovnych deset let na trhu v oblastech projektovéni a inZenyrskych ¢innosti nase
sesterskd spole¢nost Amberg Engineering Slovakia, s. r. 0.

Jadrem kazdé inZenyrské kanceldre a tzv. rodinnym stfibrem jsou jednozna¢-
né erudovani zaméstnanci, schopni navrhnout standardni a efektivni, ale
i nestandardni a inovativni technickd feSeni nejriznéjSich problému podzem-
nich (a nejen podzemnich) staveb, prosadit je a ndsledné se i podilet na jejich
realizaci. Pii svém zaloZen{ v zaff roku 1993 méla firma jen pét zaméstnanca.
Hned v ndsledujicim roce se firma pustila do dspésného projektu Pisdreckého
tunelu, prvniho dvoutubusového silni¢niho tunelu v CR, u néhoZ byla diisledné
aplikovdna observacni metoda razby (NRTM). S hrdosti dnes mohu konstato-
vat, 7e dva ze tif zaklddajicich projektantd jsou stdle v aktivnim zaméstnanec-
kém pomeru u stejné firmy — Ing. Jiff Pechman a jd. Za dobu uplynulych dva-
ceti let se potom v nai spolecnosti vystidala fada projektanti. Dnes firma
zaméstndva pres tficet specialisti na tunelové a podzemni stavby v&etné vyvo-
jaru specidlnich softwarovych aplikaci, uréenych, jak jinak, pro podzemni stav-
by. I pfes nepiiznivy vyvoj v oboru stavebnictvi v poslednich nékolika letech,
zv14sté pak u dopravnich staveb, jsme na rozdil od mnohych inZenyrskych kan-
celdrf nemuseli pocetni stavy redukovat a stabilizovany kadr zkusenych zamést-
nancu se podafilo udrZet v nezménéné podob¢ a poltu.

Vyjmenovdvat zde referencni projekty a zakdzky by bylo asi zbyte¢nym ply-
tvdnim mista. Dovolim si zminit pouze posledni velky projekt — Krdlovopolsky
tunel, jako soucdst stavby Silnice 1/42 Brno, VMO Dobrovského, uvedené do
provozu v lonském roce. Bezesporu jde o ndS nejvyznamnéj§i projekt.
Obdobnym projektem silniéniho méstského tunelu v tak ndroénych podmin-
kéch se nemuZe chlubit Zadna filidlka skupiny Amberg Group. Projekt této stav-
by ziskal cenu CKAIT za rok 2012, stavba ziskala také prvni misto v soutéZi
o nejlepsi stavbu Jihomoravského kraje za rok 2012 v kategorii dopravnich
a inZenyrskych staveb a titul ,.Ceskd dopravni stavba roku 2012

BohuZel, vyvoj na domdcim trhu projekti viak zejména u dopravnich staveb
v poslednich letech spiSe stagnuje bez vyraznéjsich znamek ¢&i signdli brzkého
oziveni. Realizace podobné stavby, jakou byl Krdlovopolsky tunel, se zfejmé
hned tak nedockdme. Ani my projektanti, ani stavebni firmy. To proto, Ze pii-
prava takovych staveb se kvili komplikované a nékdy i nejednoznacné tech-
nické i obecné legislativé neustdle prodluzuje. Aktudlni jsou tak v soucasnosti
pohfichu pouze mensi projekty s néslednou a prakticky okamZitou realizaci —
sanace, rekonstrukce a opravy. O néco lépe nez v CR jsou na tom zemé na zapad
od nds, kde byla v dusledku finanéni krize vystavba investi¢né naroénych akef
sice rovnéZ omezena, nicméné projektovd piiprava téchto staveb, kterd predsta-
vuje pouze jednotky procent celkovych investi¢nich nékladu, nebyla omezena
tak drasticky. Strategie skupiny Amberg Group se tedy nutné orientuje na efek-
tivnéjsi spolupréci mezi viemi svymi filidlkami na ndrodnich i mezindrodnich
projektech. Piikladem muZe byt i projekt bdzového Zelezni¢niho
tunelu Semmering v Rakousku (viz samostatny ¢ldnek v tomto
Cisle), ktery prezentuje spoluprdci rakouskych, Svycarskych
a Ceskych projektantl na tomto velkolepém dile.

Zavérem bych chtél vyslovit préani, aby dalsich dvacet let
pusobeni firmy AMBERG Engineering Brno, a. s., bylo nejmé-
né tak dspésné, jako téch dvacet let uplynulych.

22. rocnik - €. 3/2013

DEAR READERS,

Although it seems incredible, AMBERG Engineering Brno, a. s., can this year
celebrate the already 20th anniversary of its foundation. Let me on this occasion look
back at those twenty years. Not all of them were equally successful. The company had
to overcome many difficult periods, but on the whole I would say that there is nothing
for us to be ashamed of.

AMBERG Engineering Brno, a. s., was founded as the first foreign branch of
AMBERG ENGINEERING AG (then called AMBERG INGENIEURBURO AG).
Today the Amberg Group consists of the following companies: AMBERG
TECHNOLOGIES AG, Versuchsstollen Hagerbach AG and seven designing and
engineering offices in seven different countries of the world (Switzerland, the CR, the
SR, Spain, Singapore, Malaysia and India). In addition, the establishment of branches
in the USA and Norway is under negotiation. This year Amberg Engineering Slovakia
S.T. 0., our sister company, has already been ten years on the market in the fields of
designing and engineering activities.

The core of any engineering office, and the so-called family silver, are clearly
erudite employees, capable of proposing both standard and effective as well as non-
standard and innovative technical solutions to various problems of underground (and
not only underground) construction projects, enforcing them and subsequently parti-
cipating in their implementation. On its foundation in September 1993, the firm had
a mere five employees. In the following year the firm undertook the successful pro-
ject of the Pisarky tunnel, the first twin-tube road tunnel in the CR, where the obse-
rvational tunnelling method (the NATM) was consistently applied. I am proud to say
that two of the three founding designers, Ing. Jifi Pechman and me, have still been
employed by the same firm. A range of designers have worked in our company during
the past twenty years. Today the company employs over thirty tunnel and underg-
round construction specialists, including developers of special software applications,
of course for underground structures. Despite the unfavourable development in the
construction industry existing in several past years, unlike many other engineering
offices we did not have to reduce the numbers of our employees and managed to keep
the stabilised cadre of experienced employees in unchanged form and quantity.

Listing reference designs and contracts in this text would probably be unnecessa-
ry wasting of space. Let me mention only the last large project — the Krdlovo Pole tun-
nel, which was opened to traffic last year as a part of the 1/42 Road Brno, the
Dobrovského Large City Ring Road. It is undoubtedly our most important design.
None of the Amberg Group branches can boast of a similar urban road tunnel design
implemented in such complicated conditions. The design for this structure was recog-
nised by the CKAIT (the Czech Chamber of Chartered Engineers and Technicians
Engaged in Construction) award for the year 2012; in addition, the project got the first
in the Best South Moravian Region Project Competition for the year 2012 in the cate-
gory of transport and engineering structures and was awarded the title “The Czech
Transport Construction of the Year 2012”.

Unfortunately, the recent development on the domestic projects market, namely in
the field of transport projects, has rather stagnated without more significant signs of
recovery or early signals of recovery. Neither us, designers, nor construction compa-
nies probably will encounter a project similar to the Krdlovo Pole tunnel any soon..
The reason is that planning phases of such projects are constantly extended due to
complicated and in some cases even ambiguous technical and general legislation.
Unfortunately, only smaller designs to be followed by practically immediate realisa-
tion — rehabilitation, reconstruction and repairs - are at the moment available. A little
bit better situation than in the CR is in countries west of us, where, on the one hand,
the implementation of capital intensive projects has been reduced due to the financi-
al crisis but, on the other hand, the project preparation for those projects, representing
only several per cent of the total investment cost, has not been reduced so drastically.
The Amberg Group’s strategy is therefore oriented toward more effective collabora-
tion among all its branches on national and international projects.
As an example we can mention the design for the Semmering Base
Tunnel in Austria (see a separate paper in this TUNEL issue), which
presents the excellent collaboration among Austrian, Swiss and
Czech designers on this grandiose project.

To conclude, I would like to express a wish to AMBERG
Engineering Brno operations in the twenty years to follow to be at
least as successful as those in the past twenty years.

God speed.

ING. VLASTIMIL HORAK
¢len predstavenstva a reditel AMBERG Engineering Brno, a.s.

Zdaf Buh.

Member of the Board and Director of AMBERG Engineering Brno, a.s.
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VAZENI KOLEGOVE, VAZENI PRATELE CASOPISU TUNEL,

Yoevs z

tunely a podzemni stavby patii odeddvna mezi nejndro¢néjsi, a zaroven
nejkrdsnéjsi inzenyrské stavby, které vedle svych specifickych problému
skytaji také mnoho vyzev. Nové otevirané tseky ddlni¢nich i Zelezni¢nich
sitf, které maji ve skladbé svych objektu také podzemnf stavby, dokazuji ve
vét§iné evropskych zemi, Ze autori ndvrha dopravnich feseni, zdstupci stét-
ni i municipdlni spravy a pochopitelné i zhotovitelé si v rdmci tizemnich
pldnd i vlastni realizace s takovymi vyzvami dokdZzou poradit. Tak tomu
dosud bylo i u nds. Mnohdy se jednd o komplikovand a odvdZnd technickd
feSeni, vyuZivajici nejmodernéjsi technologie, znalosti, stroje a materialy,
které vSechny tyto vyzvy preméni v bezpe¢nou a rychlou dopravni komu-
nikaci, ulevujici pretizenym stdvajicim dopravnim tepndm a zlepSujici
Zivot ndm vSem. Je jasné, Ze ¢im technicky a bezpe€nostné narocnéjsi rese-
ni je realizovano, tim vyssi je i jeho cena.

V posledni dobé jsme u nds svédky obasnych laickych vykiiku nebo
promyslenych medidlnich kampani, Ze se v na$i zemi ,,stavi* za dvojna-
sobné ceny nez v zemi jiné. Pochopitelné, Ze takovéto laciné senzalni zpra-
vy zcela zastini v§echny vécné argumenty poukazujici na to, Ze se srovna-
va nesrovnatelné a Ze skuteCnost je odlisnd. A stokrat opakovand lez se
Casem stdvd obecné vnimanou pravdou. A tak se stane to, Ze kiehké poli-
tické uskupeni v Cele stidtu nemajice dostatek Casu a sil na objektivni
vyhodnocen{ argumentu a protiargumentt, podlehne vében{ vyhovét médii
prezentovanému vefejnému minéni a pristoupit na jednoduché feSeni.
Jediné méfitko — cena. V Zivoté ale vétSinou jednoduchd feSeni nefunguji.
Tézko se dd porozumét tomu, Ze zakazku ziskdva firma s cenou nizsi, nez
je polovina kontrolniho rozpo&tu. Vitézim takovych soutézi je mozné
poblahoprit, ale zdroven nelze pominout tivahy o tom, jakym kouzlem chce
takovy vitéz své ndklady vlastné pokryt a jaké dusledky to pfinese pro
objednatele. Je jasné, Ze se takovdto cena musi odrazit v kvalité pouZitych
materialu a zafizeni, maximalné zjednodusenych technologickych postu-
pech a managementu staveb, oSizené bezpeCnosti prace, vyhrocenych
dodavatelskych vztazich, vysledné Zivotnosti dila. A prikladu tragédif, kdy
se kvuli dspore ndkladi podcenila pravé tieba bezpe&nost, je fada.

SMP CZ a vsechny dceriné spolecnosti, které patii do nasi skupiny
v Ceské a Slovenské republice, takovou cestou neptijdou. Ne kvilli hrdosti
nebo pyse, ale prosté proto, Ze takovd strategie je likvidacni. Navic jsme
souddsti jednoho z prednich svétovych stavebnich holdingd, ktery je zalo-
Zen na jasnych principech. Radéji méné, ale kvalitni zakdzky, radéji se
uskrovnit, neZ poskodit jméno své i celého koncernu.

V obsahu tohoto &isla jsou prispévky mych kolegl o podzemnich stav-
bdch, na kterych se v soucasné dobé podilime — shodou okolnosti obé nej-
vetsi prazské stavby — Tunel Blanka a prodlouZeni metra A. Vyuzivame na
nich vétSiny naSich specializaci — Zelezobetonarskych kapacit, vyrdbime
a montujeme prefabrikované obklady osténf tuneld, vyrdbime a montujeme
ocelové konstrukce do metra, atd. Chceme, aby veslo do povédomi na stra-
né zadavatelt, Ze diky piisluSnosti ke skupiné VINCI méme pristup ke
know-how a zku$enostem ziskanym na nejvétSich a nejndro¢néjsich inZe-
nyrskych stavbédch z celého svéta. Ty jsme za podpory matefské spole¢nos-
ti schopni nabizet i v Ceské a Slovenské republice. Stavby, na kterych se
podili SMP CZ a dcefiné spolecnosti v soucasné dobe, sne-
sou ta nejpiisnéjsi technickd méritka.

Na zdvér chci od srdce pozdravit vSechny zanicené profe-
siondly, ktefi navzdory v§em boufim okolo nds naddle kaz-
dodenn{ peclivou praci posouvaji Grovef nasich staveb kru-
ek po kracku vpied. A viem tendiim Casopisu Tunel preji
pevné nervy a viru v lepsi zitrky.

TuHel

DEAR COLLEAGUES, DEAR TUNEL JOURNAL FRIENDS,

Tunnels and underground structures have always belonged among the most com-
plicated and, at the same time, the most beautiful civil engineering structures, which
contain numerous challenges alongside their specific problems. The sections of
motorway and railway networks being newly opened which contain underground
structures in the list of their objects are the proof in the majority of European count-
ries that authors of proposals for transportation solutions, representatives of state and
municipal administration and, of course, construction contractors are capable of
coping with such challenges within the framework of land-use plans and the realisa-
tion itself. It has been so even in our country. The technical solutions are often com-
plicated and bold, using state-of-the-art technologies, knowledge, machines and mate-
rials which convert all of these challenges into safe transport ways, relieving conges-
tion on transport arteries and improving the lives of us all. It is clear that the more
technically complicated and safety demanding solution is applied, the higher its price.

Recently we have witnessed casual lay outcries or well thought out medial cam-
paigns maintaining that the costs of construction projects in our country are twice the
costs in other countries. Naturally, such tacky sensational news completely oversha-
dow all substantive arguments pointing out that incomparable things are being com-
pared and the reality is different. However, with time, a lie repeated a hundred times
becomes the generally viewed truth. This is how it happens that a fragile political
group at the head of the state, not having enough time and strength for objective asses-
sing of arguments and counterarguments, succumbs to the lure of satisfying the pub-
lic opinion presented by media a adopting a simple solution, the only criterion to be
the cost. However, simple solutions mostly do not work in real life. It is difficult to
understand the cases where a contract is awarded to a company submitting its bid
price lower than a half of the control budget. Winners of such tenders can be congra-
tulated but, at the same time, it is not possible to pass over considerations regarding
the magic such a winner is going to use to cover his own costs and which consequ-
ences it will bring for the project owner. It is clear that such the price must be reflec-
ted in the quality of materials and equipment used in maximally simplified technolo-
gical procedures and construction management, intentionally reduced safety at work,
polarised supplier relationships and in reduced resultant length of the work life. There
are numerous examples of tragedies where the cause was, for example, just the safe-
ty underestimated with the aim of saving costs.

SMP CZ, a. s., and all of our group’s branches in the Czech and Slovak Republics
are not going to follow this path. It is not so because of pride or arrogance. Simply it
is so because of the fact that such a strategy is liquidating. In addition, we are part of
one of the world’s leading holdings, which is based on clear principles. We prefer less
but good quality contracts, to restrain ourselves to damaging the name of our compa-
ny and the whole group.

This TUNEL issue contains papers submitted by my colleagues on underground con-
struction projects we are currently participating in, the Blanka complex of tunnels and the
extension of the Metro Line A, coincidentally the two largest projects in Prague. We are
using the majority of our specialisations on them — reinforcement placing and concrete cas-
ting capacities, production and installation of pre-cast cladding of tunnel linings, fabricati-
on and assembly of steel structures in metro spaces etc. Our wish is that it comes into the
awareness of clients that, owing to our belonging to the VINCI Group, we have open
access to the know-how and experience gathered from the largest and most complicated
civil engineering projects all over the world. We are capable of offering them with the sup-

port of our mother company even in the Czech and Slovak Republics.
/ The projects SMP CZ, a. s., and its branches are currently participating in
comply to the strictest technical criteria.

Finally, I want to cordially greet all avid professionals who, despite
all storms raging around us, continue to shift the level of our projects
step by step up through their everyday careful work. I also wish all
TUNEL journal readers strong nerves and faith in a better tomorrow.

ING. MARTIN DOSKANSKY

generalni feditel SMP CZ, a.s.
the CEO of SMP CZ, a. s.
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UCAST SMP CZ, A.S., NA REALIZACI PRODLOUZENI TRASY
METRA V.A - DEJVICKA - MOTOL

SMP CZ, A.S., PARITICIPATION IN REALISATION OF 5™ EXTENSION
OF METRO LINE A (METRO V.A) FROM DEJVICKA STATION TO MOTOL

PETR JELINEK

ABSTRAKT

Obsahem cldnku je strucné sezndmeni s historii vicasti spolecnosti SMP CZ, a.s., na realizaci prodluzovdni tras praZského metra
a s jejim soucasnym piisobenim na prodlouzeni trasy A ze stanice Dejvickd do stanice Nemocnice Motol viemné predstavent dileZitych
stavebnich objektii, které spolecnost na této zakdzce realizuje. Cldanek popisuje specifika p¥i realizaci stavebnich objektii v tratovych iise-
cich jednokolejnych tunelii budovanych metodou EPBS. Podrobnéji pak pojedndvd o konstrukcénim reSeni podkladnich betonii pod kole-
Jovy svrSek v ramci objektii Prdace HSV-PSV v tratovych tisecich 02, 04 a 06 s diirazem na vysvétleni specifické problematiky obtizného
pristupu, zejména pri doprave a ukldddni betonové smési. Poslednim predstavenym stavebnim objektem je tzv. sdruZeny vzduchotech-
nicky objekt, kde kromé technického popisu izolaci a Zelezobetonovych konstrukci je popsdno pldnované technické reSeni realizace a
okolnostmi vynuceny specificky postup vystavby.

ABSTRACT

This paper content is to briefly inform about the history of the participation of SMP CZ, a. s., on the realisation of extensions of Prague
metro lines and about its current activities related to the extension of the Line A from Dejvickd station to Nemocnice Motol station, including
the presentation of important construction objects the company is currently carrying out for this contract. The paper describes specifics
encountered during the work on construction objects located in the running tunnel sections driven by EPBMs. It refers in more detail to the
structural solution to blinding concrete layers under the trackwork within the framework of objects Civils Structures - Components, Services,
and Finishes in track sections 02, 04 and 06, with stress placed on the explanation of specific problems of the difficult access, first of all for
the transport and placement of concrete mix. The last construction object presented in the paper is the so-called combined ventilation struc-
ture, with the planned technical solution to the realisation and the specific construction procedure enforced by circumstances described in addi-

tion to the technical description of the waterproofing system and reinforced concrete structures.

1 0voD

Historicky se pro spoleCnost SMP CZ, a.s., jednd jiz o treti
zakdzku tohoto druhu. Jeji ¢innost na rozSifovani prazského metra
zapoCala v roce 2000 ucasti na zakdzce prodlouZeni trasy C
z HoleSovic do Ladvi, stavba IV.C1 a ddle pokraCovala v letech
2004-2008 v ramci budovani dalsiho dseku této trasy z Ladvi do
Letnan, stavba IV.C2.

Po mens{ pauze vyplnéné budovanim zejména tzv. hloubenych
tuneld Letnd v rdmci zakdzky méstsky okruh — tunel Blanka, je to
jiZ tfeti navrat do tentokrat mnohem rozdilného prostredi, nez tomu
bylo u dvou zakdzek predchozich. V tradi¢ni pozici dodavatele pro
Metrostav (divizi 8) SMP CZ, a.s., nevystupuje pouze samostatne,
ale jako sdruzeni SMP-Eurovia—Metro V.A, kde je lidrem tohoto
sdruzeni. Celkovy finan¢ni objem sdruZeni je 558 mil. K¢&. Dals{
odlisnosti je skuteCnost, Ze velka &4st stavebnich objektu se nach4-
z{ v problematicky pfistupnych mistech jednokolejnych tunelt
razenych EPBS, zatimco u zakdzek predeslych se jednalo
o budovéni hloubenych tisekl tunelii nebo hloubené stanice. Slo
tedy vyhradn€ o objekty provadéné v oteviené stavebni jamé.

Cilem tohoto ¢lanku je jednak sezndmit Ctendre s predmétem
dodéavky spolec¢nosti SMP CZ, a.s., na této zakdzce, jednak podrob-
néji popsat a podelit se o nékteré poznatky a problémy vzniklé pri
realizaci v&etné popisu jejich feseni. Pujde o aktualné realizované
stavebni objekty v tratovych dsecich jednokolejnych tunela vybu-
dovanych metodou EPBS, zejména technické reSeni a poznatky
z realizace podkladnich betonu pod kolejovy svrek. Ddle pak
popis technického feseni a specifika vystavby pravé zahdjené rea-
lizace stavebni ¢dsti tzv. sdruZeného vzduchotechnického objektu.

2 PREDMET DODAVKY SMP CZ, AS.

Stavebni objekty, které dodava SMP CZ, a.s., se nachézeji témér
po celé nove budované trase. Na tiech z celkovych &tyr tratovych

1 INTRODUCTION

Historically this is already the third contract of this kind for SMP
CZ, a. s. The company activities associated with the process of
expanding the Prague metro network commenced in 2000 through
the participation on the contract for the 4th extension of the Line C
section 1 from HoleSovice to Ladvi (the so-called IV.C1 extension)
and continued further in 2004-2008 within the framework of the
development of the next section of this line from Ladvi to Letnany,
the IV.C2 extension.

After a shorter break filled with the construction of the so-called
Letnd cut-and-cover tunnels within the framework of the contract
for the Blanka complex of tunnels on the inner City Circle Road,
this is already the third return, this time to a much different envi-
ronment than it was in the cases of the previous contracts. In the
traditional position of a sub-contractor for Division 8 of Metrostav,
a.s., SMP CZ, a.s., works not only independently, but also as the
SMP-Eurovia-Metro V.A consortium, where it is the consortium
leader. The total financial volume realised by this consortium
amounts to CZK 558 million. Another difference lies in the fact
that a significant part of construction objects are located in EPPS-
driven single-track tunnels difficult to access, whilst at the previ-
ous contracts cut-and-cover tunnel sections or a cut-and-cover sta-
tion were built. It means that these structures were constructed
solely in open construction trenches.

The objective of this paper is not only to inform readers about the
subject of this SMP CZ, a.s., sub-contract for this project, but also
to describe in more detail and share with readers some pieces of
knowledge on problems which originated during the realisation,
including the description of solutions to them. It deals with con-
struction objects currently being built in sections of completed
EPBS-driven single-track running tunnels, first of all the technical
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useku je to doddvka jiz zminovanych podkladnich betont pod
kolejovy svrsek v jednokolejnych tunelech razenych EPBS v ramci
objektt praci HSV-PSV na tratovych dsecich: 02 — Dejvickd —
Borislavka, 04 — Borislavka — Nadrazi Veleslavin a 06 — Nadrazi
Veleslavin — Petriny. Pokud se seéte délka levé a pravé tunelové
trouby, je celkovy rozsah téchto betont bezmdla § km.

Soucasti dodavky ve vySe uvedenych tratovych dsecich jsou tzv.
konstrukce pro kabely a také prace HSV-PSV ve vsech 14 vzdu-
chotechnickych propojkdch mezi tunely véetné doddvky protipo-
Z4rnich uzdvéru téchto propojek. Realizace konstrukei pro kabely
se pripravuje také pro stanici Petfiny, kde dal$imi objekty zajisto-
vanymi spole¢nosti SMP CZ, a.s., jsou kompletni doddvka osvét-
leni stanice a v ramci architektonického ztvarnéni i doddvka
a montdz specidlnich podhledi a smaltovanych obkladu vletné
obkladu eskaldtorového tunelu.

Predmétem dila partnera ve sdruZeni je zejména hloubeni sta-
vebnich jam vetné jejich zajisténi. Konkrétné se jednd o stavebni
jadmy pro vystavbu vestibulu stanice Petfiny a pro budouci vzdu-
chotechnicky objekt vedle kfizovatky Evropskd — Kanadskd. Nelze
opomenout také doddvku provizornich i definitivnich prelozek
téméf vSech druhl inZenyrskych siti v okoli budované stanice
Petfiny.

3 REALIZACE STAVEBNICH OBJEKTU V TRATOVYCH
USECICH JEDNOKOLEJNYCH TUNELU RAZENYCH EPBS
Aktudlné se dokoncuji betondZe podkladnich betont pod kolejovy

svriek v ramci stavebnich objektd HSV-PSV tratovych dseka 06 —

Nddrazi Veleslavin — Petfiny a 04 — Borislavka — Nadrazi Veleslavin.

Dale probihaji price HSV-PSV ve vzduchotechnickych propojkach

Obr. 1 Prelerpdvdni betonu z terénu do automixu na dné stavebni jamy
Fig. 1 Re-pumping concrete from terrain surface to a mix truck at the
construction pit bottom

solution and knowledge from the realisation of blinding concrete
layers under trackwork. It further contains the description of the
technical solution and construction specifics of the realisation of the
civils work on the so-called combined ventilation structure, which
has just commenced.

2 SUBJECT OF SMP CZ, A.S., CONTRACT

The construction objects which are carried out by SMP CZ,
a. s., are located nearly along the whole newly developed metro
line. On three of the total of four track sections they comprise the
above-mentioned blinding concrete layers under trackwork in
EPBS-driven single-track tunnels within the framework of the
objects “Civils Structures — Components, Services, and Finishes”
in the following track sections: 02 — Dejvicka — Borislavka, 04 —
Borislavka — Nadraz{ Veleslavin and 06 — Nédraz{ Veleslavin —
Petfiny. If the lengths of the left-hand tunnel tube and right-hand
tunnel tube are summed up, the total amount of these blinding
concrete layers will amount to 8km.

Part of the contract in the above-mentioned track sections are
cable supporting structures and civils and components, services
and finishes in all ventilation passages between tunnels, including
fire shutters in these cross passages. The realisation of cable sup-
porting structures is under preparation even for Petfiny station,
where complete station illumination and special suspended cei-
lings and vitreous enamel cladding including the escalator tunnel
cladding are also supplied by SMP CZ, a. s.

The subject of the contract of SMP CZ in the position of the con-
sortium partner is first of all the excavation of construction pits
including their bracing, namely construction pits for the construc-
tion of the Petfiny station concourse and for the future ventilation
structure adjacent to the Evropskd Street — Kanadskd Street inter-
section. The supply of temporary and permanent diversions of
nearly all kind of engineering networks in the vicinity of Petfiny
station being built must not be forgotten.

3. REALISATION OF CONSTRUCTION OBJECTS IN TRACK
SECTIONS OF EPBS-DRIVEN SINGLE-TRACK TUNNELS

At the moment the casting of blinding concrete layers under
trackwork is being completed within the framework of the Civils
Structures — Components, Services, and Finishes objects in track
sections 06 — Nadrazi Veleslavin — Petfiny and 04 — Borislavka —
Nadrazi Veleslavin. In addition, civils structures and components,
services, and finishes are being carried out in ventilation cross pas-
sages in the above-mentioned sections and in the track section 06
— Nddrazi Veleslavin — Petfiny. The installation of cable supporting
structures, i.e. steel brackets for the fixing of all media required,
first of all cables passing along running tunnels, has commenced.

The biggest problem encountered during the construction of
objects in the EPBS-driven tunnels lies in the access and transport
of materials. For example, concrete mix for blinding concrete lay-
ers is re-pumped from mix trucks on the surface by pumps and
through pipelines hanged on the access construction pit wall to the
so-called drowned mix truck (see Fig. 1), which is a mix truck
which was previously lowered down this 25m to 30m deep con-
struction pit by a high-capacity crane. This mix truck has subsequ-
ently to back along the 5.3m-diameter circular single-track EPBS-
driven tunnel to the concrete casting location, to the distance some-
times exceeding lkm. An alternative solution to the vertical tran-
sportation is the filling of the mix truck in the underground through
supply boreholes carried out in the areas of ventilation cross pas-
sages. In this case, identically with the case of the construction pit,
concrete mix will be re-pumped from the surface to the mix truck
via a pipeline installed in the supply borehole. This commence-
ment of the application of this solution will take place during June
2013, when the realisation of blinding concrete layers starts in the
last, the longest, 1.7km long track section 02 — Dejvickd —
Borislavka. This section contains the total of 7 ventilation cross



Obr. 2 Realizace podkladnich betonu na useku 06 — NddraZi Veleslavin —
Petiiny

Fig. 2 Realisation of blinding concrete layers in section 06 — NddraZi
Veleslavin — Petiiny

uvedenych tratovych dseku a na tratovém udseku 06 — Nddrazi
Veleslavin — Petfiny. Byla zahdjena montaz konstrukci pro kabely,
¢ili ocelovych konzol pro uchyceni veskerych potrebnych médit,
zejména kabell vedoucich tratovymi tunely.

Nejvetsim problémem pii provadéni objektu v tratovych tune-
lech razenych EPBS je piistup a doprava materialu. Tak naptiklad
betonova smés pro podkladni betony se z automixu na povrchu
precerpava pomoci betonpumpy a potrubi zavéseného na sténé pri-
stupové stavebni jdmy do tzv. utopeného mixu (obr. 1), tedy auto-
mixu, ktery byl predtim do této, zpravidla 25 az 30 m hluboké
jamy spustén pomoci tézkého jefdbu. Tento mix pak musi jedno-
kolejnym tunelem EPBS kruhového prafezu o praméru 5,3 m cou-
vat do mista uklddky betonové smési nékdy i vice nez 1 km.
Alternativnim FeSenim svislé dopravy je plnéni automixu
v podzemi pomoci zdsobovacich vrti, provedenych v oblasti vzdu-
chotechnickych propojek. Zde tak jako v pripadé stavebni jamy se
bude betonova smés z povrchu preCerpavat do automixu pomoci
potrubi instalovaného do zdsobovaciho vrtu. Toto reSeni se zacne
vyuZivat v prubéhu ervna 2013, kdy bude zahdjena realizace pod-
kladnich betont na poslednim nejdel$im 1,7 km dlouhém tratovém
tseku 02 — Dejvickd — Bofislavka. Na tomto tseku je celkem 7
vzduchotechnickych propojek a zdsobovaci vrty budou provedeny
postupné celkem do &tyt z nich, a to tak, aby bylo mozno logistic-
ky zvlddnout dopravu betonu do celého tdseku. Umisténi vrti na
povrchu je situovéno pifmo v nékterém z jizdnich pruhu frekven-
tované ulice Evropskd, takZe pristup k nim musi byt zabezpecen
dopravnéinzenyrskym opatienim. VySe popsanymi zpusoby je
nezbytné dopravit do raZenych tunelt celkem 6000 m3 betonové
smési. Podkladni betony pod kolejovy svriek, (obr. 2, 3) se prova-
déji z betonu C 25/30. Pomoci ocelovych trni z betonéiské oceli
o priméru 20 mm vlepovanych do otvorii po montdZnich $roubech
tubingu je zajisténo spiaZeni téchto betond se dnem tunell raZe-
nych EPBS. Trny jsou vlepovdny pomoci lepidla na cementové
bazi (Redgrout) a na kazdy trn se osazuje Ctverec z KARI sité
8 mm s oky 100x100 mm. Pfi hornim povrchu jsou tyto betony
jesté vyztuzeny KARI sit€tmi 6 mm s oky 100x100 mm. Realizuji
se dva typy podkladnich betonu podle toho, zda na nich budou
budovény antivibracni kolejové betony dvouvrstvé, nebo tiivrstvé.
Pro dvouvrstvé antivibraéni kolejové betony je nejvetsi tloustka
podkladnich betont 450 mm, pro tifvrstvé pak 250 mm.

4 SDRUZENY VZDUCHOTECHNICKY OBJEKT

Dalsi vyznamny objekt, jehoZ realizace se ,,rozjizdi*, je vystav-
ba tzv. sdruZzeného vzduchotechnického objektu, ktery je situovdn
v tratovém useku 02 — Dejvickd — Borislavka, vedle kfizovatky
Evropska — Kanadskd. Tento objekt byl jiz zmifiovén v souvislosti
s popisem predmétu dila partnera ve sdruZeni, tedy hloubeni
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Obr. 3 Pohled na édst zrealizovanych podkladnich betonu
Fig. 3 View of a part of completed blinding concrete layers

passages and the supply boreholes will be drilled step-by-step into
four of them in a way guaranteeing that it will be logistically pos-
sible to manage the transport of concrete along the entire section.
The locations of the boreholes on the surface are located directly in
one of traffic lanes of busy Evropskd Street. Therefore the access
to them has to be secured through restrictions concerning traffic. It
is necessary to transport the total of 6000m3 of concrete mix to the
mined tunnels using the above-mentioned procedures. Concrete
grade C 25/30 is used for the casting of blinding concrete layers
under trackwork (see Figures 2 and 3). The composite action of
these layers with the bottom of the EPBS-driven tunnels is secured
by steel dowels from 20mm-diameter concrete reinforcement bars
glued into holes remaining after lining segments assembly bolts.
The dowels are glued into the holes using cement-based adhesive
(Redgrout) and a square of KARI mesh (8mm-diameter,
100x100mm mesh size) is placed on each dowel. These concrete
layers are in addition reinforced on the upper surface by KARI
mesh (6mm diameter, 100x100mm mesh size). Two types of blin-
ding concrete layers are being realised, depending whether two-
layer or three-layer anti-vibration trackbed concrete is to be placed
on them. The biggest thickness of blinding concrete layers for
double-layer and three-layer anti-vibration trackbed is 450mm and
250mm, respectively.

4 COMBINED VENTILATION STRUCTURE

Another important structure the realisation of which is
“moving off” is the construction of the so-called combined
ventilation structure, which is located in track section 02 —
Dejvickd — Borislavka, next to the Evropska Street — Kanadska
Street intersection. This structure has already been mentioned
above in the context of the description of the consortium part-
ner’s contract, i.e. the excavation and bracing of the construc-
tion pit for its realisation (see Fig. 4). In this case SMP CZ
a. s. provides complete civils work, from blinding concrete lay-
ers through waterproofing, reinforced concrete structures to
components, services and finishes.

It is a classical reinforced concrete structure built in
a construction pit braced by diaphragm walls and shotcrete (see
Fig. 5). A watertight tank will originate by providing the diap-
hragm walls with a concrete skin and installing PVC membrane
waterproofing. The reinforced concrete structure will be erected
in this tank. Of course, this is nothing unusual. But the difficult
character lies in the fact that the pit for this structure is the only
point for access to the above-mentioned track section. The rea-
son is that the structure directly adjoins the ventilation tunnel lin-
king it to the EPBS-driven single-track running tunnels. This so-
called charging opening was used for the dismantling of full-face
tunnelling machines, muck is hauled through it during the exca-
vation of ventilation cross passages and will be necessary for
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Obr. 4 DotéZovdni zajisténé stavebni jamy pro realizace sdruZeného VZT
objektu

Fig. 4 Finishing the excavation of the braced construction pit for the reali-
sation of the combined ventilation structure

a zajistén{ stavebni jamy pro jeho realizaci. (obr. 4). Zde SMP CZ,
a.s., doddva kompletné jeho stavebni ¢ést, tedy od podkladnich
betonu pres izolace, Zelezobetonové konstrukce az po doddvku
praci HSV-PSV.

Jde o klasickou Zelezobetonovou konstrukci budovanou ve sta-
vebni jamé, kterd je zajiSténa mildnskymi st€énami a stffkanym beto-
nem (obr. 5). Pfibetondvkou k mildnskym sténdm a provedenim
povlakové izolace z PVC vznikne izolacni vana, do které bude
vybudovina Zelezobetonovd konstrukce objektu. Tedy nic neobvy-
klého. Obtiznost vSak spocivd ve skuteCnosti, Ze jdma pro tento
objekt je jedinym piistupovym bodem do tuneld vyse uvedeného
tratového dseku. Objekt totiz primo priléhd k vzduchotechnickému
tunelu, ktery jej propojuje s tratovymi jednokolejnymi tunely raze-
nymi EPBS. Pomoci tohoto tzv. zavdZeciho otvoru probihala
demontdz razicich §tit, vyvéazi se jim rubanina pfi razbé vzducho-
technickych propojek a bude jesté dlouho nezbytny pro dalsi postup
vystavby tohoto tratového tseku. Dalsi vyznamnou komplikaci je
velké mnoZstvi podzemni vody, kterd se vyskytuje jak v 22 metra
hluboké stavebni jamé, tak soucasné piitékd z vlastnich tunelt
EPBS vlivem pravé probihajici razby vzduchotechnickych propo-
jek. Zdkladni rozméry objektu /d x § x v/ jsou cca 30x18x15 metru
a horni droven budouciho stropu je 5 metrt pod terénem. Do trov-
né terénu vystupuje ze stropni desky pouze Zelezobetonovd Sachta,
na kterou bude umisténa nadzemni ¢dst — vydech VZT objektu.

Po provedeni podkladniho betonu C 16/20 se zemnic{ siti vytvo-
fené z hladké betonarské oceli o pruméru 16 mm v rastru cca
3000 x3000 mm bude vytvorena izolaéni vana pomoci pribetonav-
ky k mildnskym sténdm taktéZz z betonu C 16/20. Pribetondvka,
provadénd pomoci jednostranného systémového bednéni, bude mit

TuHel

a long time for the subsequent progress of this track section con-
struction. Another significant complication lies in the great
amount of ground water existing in the 22m deep construction
pit and also flowing into the pit from the EPBS-driven tunnels as
a result of the proceeding excavation of ventilation cross passa-
ges. The basic dimensions of the structure are 30m long x 18m
wide x 15m high; the upper level of the future roof deck is 5 met-
res under the terrain surface. The only structure rising from the
roof deck to the terrain surface level is a reinforced concrete
shaft, which will carry the aboveground part — the ventilation
outlet.

When the C 16/20 grade blinding concrete layers containing
an earthing grid formed from smooth 16mm-diameter concrete
casting rods installed at approximately 300mm x 300mm grid
are completed, the watertight tank will be created by providing
the diaphragm walls with a concrete skin, also using C 16/20
grade concrete. The skin, the thickness of which will be 100-
500mm, will be installed using a single-sided formwork system.
It will be anchored to the diaphragm walls with 20mm-diameter
threaded rods. KARI mesh (8mm diameter, 100x100mm mesh
size) will be hanged on these rods, which will be glued to the
min. depth of 200mm using a chemical anchoring system. The
mesh will reinforce the inner surface of the skin, serving as the
sub-base for vertical waterproofing layers. They are classically
anchored by fixation blanks. The vertical waterproofing assem-
bly consists of Geofiltex felt (500 g/m2) and a transparent 3mm
thick PVC membrane. Covering geotextile is left out on the
walls so that it is possible to detect a contingent damage, first
of all during the placement of concrete reinforcement.

SDRUZENY VZDUCHOTECHNICKY OBJEKT
COMBINED VENTILATION STRUCTURE

' _» Rezkm 4,122.096
T Cross-section km 4.122096

24245 TEREN - TERRAIN

o . . | 222,250
_, SROVNAVAC ROVINA +220,00

DATUM LEVEL +220.0

1 - TUNEL VZT - VENTILATION TUNNELS
2 - smér razby EPBS - EPBS driving direction

Obr. 5 Sdruzeny VZT objekt — podélny Fez (Metroprojekt a.s.)
Fig. 5 Combined ventilation structure — longitudinal section (Metroprojekt a. s.)
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tlouStku 100-500 mm a bude kotvena do mildnskych stén pomoci A sectioning control and repair system of waterproofing in the
zdvitovych ty¢i o pruméru 20 mm. Na tyto tyCe, zalepené pomoci form of a ladder + integrated hoses in joint-sealing waterbars is
chemickych kotev do hl. min. 200 mm, bude zavéSena KARI sit’ | installed on the outer surface of the wall. The protective geo-
8 mm, oka 100x100 mm vyztuZujici vnéj$i povrch piibetondvky — textile is placed only on horizontal waterproofing surfaces. An
podklad pro svislé izolacni souvrstvi. To je klasicky kotveno 800 g/m? geotextile layer, 3mm thick transparent PVC membra-
pomoci specidlnich kotevnich prvku — rondelu. Svislé izolaéni sou- ne and 500 g/m? Geofiltex protective felt are placed on the blin-

vrstvi je tvofeno geotextilii Geofiltex (500 g/m2) a transparentn{
f6lif PVC tloustky 3 mm. Z divodu moZnosti zjisténi piipadného
poskozeni zejména pri montazi betondiské vyztuZe je na sténach
vynechdna kryci geotextilie. PloSny pojistny injektdZni systém je
rozmistén na vnéj§i ploSe stény ve tvaru Zebfiku + integrované
hadi¢ky ve spdrovych tésnicich pasech. Ochrannd kryci vrstva
z geotextilie je ponechdana pouze na vodorovnych plochich izola-
ci. Zde je na podkladni beton poloZena geotextilie Geofiltex
(800 g/m2, déle transparentni félie PVC tl. 3 mm a ochrannd vrst-
va Geofiltex (500 g/ m2) + ochrannd betonova mazanina tl. 50 mm.

ding concrete surface layer and a 50mm thick layer of protecti-
ve concrete is cast on them. The repair grouting hoses are inte-
grated only into the joint-sealing waterbars. The sectioning con-
trol and repair system of waterproofing is not designed for hori-
zontal waterproofing.

As far as the reinforced concrete structures themselves,
external walls, the bottom slab and roof deck are concerned,
they are in C 25/30 XC2 concrete with maximum water pene-
tration depth of 35mm. The other inner structures are in

Pojistné injektazni hadi¢ky jsou integrovany pouze do sparového | C 25/30 XCI concrete. The bottom slab is 700mm thick, walls
tésnicitho pasu. Plo§nd pojistna injektdZ vodorovnych izolaci neni | are 600mm thick and the thickness of the roof deck, which will
uvazovéana. carry the 5 metres high overburden, is 700mm. From the aspect

Co se tyée vlastnich Zelezobetonovych konstrukci, obvodové of the height, the structure has up to three levels. Intermediate
stény, spodni deska a stropni deska jsou z betonu C 25/30 XC2 floor slabs are 500mm thick. Concrete structures are relatively
s hodnotou max. prusaku 35 mm. Ostatni vnitin{ konstrukce jsou significantly reinforced, containing a great proportion of 20mm
z betonu C 25/30 XC1. Spodni deska ma tloustku 700 mm, stény and 25mm-diameter reinforcing bars. Vertical structures will be
600 mm a horni deska, na kterou bude tlak od zdsypu zeminou carried out using a framed formwork system, partly single-
o mocnosti 5 metrd, md tloustku 700 mm. Vy8kové md objekt az sided, whilst classical beams and extensible props will be used
tii podlazi. Mezistropy maj tloustku 500 mm. Betony jsou pomér- for horizontal structures. A scaffold tower system will be app-

né zna¢né vyztuZeny s velkym podilem profilt betondiské vyztuze
20 mm a 25 mm. Svislé konstrukce objektu se budou provadét za
pomoci systémového ramového bednéni, ¢astecné jednostranného,
vodorovné konstrukce pak za pomoci klasickych nosniku
a vysuvnych stojek. Horni deska z davodu véts{ tloustky pak za
pomoci systémovych podpeérnych veézi. Soucdsti objektu jsou
i Zelezobetonovd monolitickd schodi§té budovand do bednéni
primo na stavbe.

Vzhledem k tomu, Ze objekt bude z asovych duvoda budovan
soubézné s vystavbou definitivniho osténi vzduchotechnického

lied to the casting of the roof deck because of the greater thick-
ness. Reinforced concrete staircases cast into formwork in situ
are also parts of the structure.

With respect to the fact that for reasons of time the structure
will be carried out concurrently with the construction of the
permanent lining of the ventilation tunnel, a part of inner struc-
tures adjacent to this tunnel will have to be left out. The 7m
wide space which will originate in this way will make the pul-
ling of the final lining formwork out possible. For that reason

tunelu, bude nutné vynechat ¢ast vnitinich konstrukei prilehlych it will be necessary to apply Lenton threaded type couplers to
k tomuto VZT tunelu. Tim vznikne prostor o §ifce 7 metru, ktery the concrete reinforcement, because contingent overlapping of
umozni vytazeni bednici formy definitivniho osténi VZT tunelu. | the 20mm respectively 25mm — diameter bars used would sig-
Z tohoto diivodu bude nutné v této oblasti pouZit Sroubové spoje nificantly reduce the dimensions of the dismantling opening.
bet. vyztuze ,lentony“, protoZe piipadné presahy této vyztuze Despite all above-mentioned difficulties it is not possible to
vzhledem k pouZitym profilim 20 mm, resp. 25 mm, by vyrazné wait with the construction of the ventilation structure because
zmenSily rozméry demontdZniho otvoru. time would not be left for the installation of equipment vital for
Pres vSechny vySe popsané problémy s vystavbou vlastniho VZT the functioning of metro, including ventilation. For that reason
objektu Cekat nelze, nebot’ by nezbyl Cas na jeho vystrojeni pro this structure will be extremely demanding in terms of the coor-
fungovani metra Zivotné duleZitymi technologiemi véetné vétrdni. dination of operations, correct planning and adherence to the
A tak na koordinaci pract, spravné planovéni a dodrZovéni harmo- schedule of individual activities. The deadline for putting the

nogramu jednotlivych ¢innosti bude tento stavebni objekt extrém-
né ndro¢ny. Termin zprovoznéni budovaného tseku stanoveny na
28.9.2014 se netiprosné bliZi, a tak dulezity milnik — stavebn{ pfi-
pravenost pro montaz technologii 31. 12. 2013 musi byt splnén.

section being developed into service set for 28/09/2014 is ine-
xorably approaching and such the important milestone as the
completion of civils works required for the installation of equ-
ipment on 31/12/2014 has to be met.

5 ZAVER
Vétsina dalsich objektu, které spole¢nost SMP CZ, a.s., na této
zakézce jeSte ¢ekd, nemd v této chvili definitivni technické feSent.

Budou totiZ realizovdny vétsinou az v roce 2014. Sdruzeny VZT

objekt je tak poslednim, o kterém je mozné se podrobn&ji zminit. not at the moment exist. The reason is that they will be realised
later in 2014. The combined ventilation structure is therefore

PETR JELI’NEK’ Jelinek@smp.cz, the last structure which can be mentioned in more detail.
SMP CZ, a.s.

5 CONCLUSION

The technical solution for the majority of the other structures
the work which waits for SMP CZ, a. s., on this contract does

PETR JELINEK, jelinek@smp.cz,
Recenzovali: Ing. Otakar Hasik, Ing. Pavel Poldk SMP CZ, a.s.
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TUNELOVY KOMPLEX BLANKA - REALIZACE SPODNI KLENBY
DEFINITIVNIHO OSTENI RAZENEHO TRIPRUHOVEHO TUNELU

BLANKA COMPLEX OF TUNNELS - REALISATION OF INVERT
OF FINAL LINING OF MINED TRIPLE-LANE TUNNEL

ING. LIBOR STEFAN

ABSTRAKT
Cldnek popisuje postup vystavby definitivniho osténi spodni klenby razeného tFipruhového tunelu na &dsti stavby 0079 — Spejchar — Pelc-

v .

Tyrolka. Prvni ¢dst je vénovdna technickému popisu pojizdného bedniciho vozu, ktery byl navrZen a pouZit pro bednéni stén, bocnich blokii
a pricek spodni klenby. Ve druhé &dsti je podrobné vysvétlena technologie vystavby &dsti dna, bocnich blokii, pricek a mostovky jakoZto jed-
notlivych &dsti spodni klenby. Na zdver je Ctendr sezndmen se stavebnimi detaily, které se tykaji postupu praci na atypickych sekcich v popi-
sované Cdsti tunelu a problematiky pouZiti hydroizolacnich prvki. Cilem &ldnku je zhodnoceni technologie vystavby ve vazbé na jednotlivé
prvky technického FeSeni a poukdzdni na velmi atypické technologické prvky, jako je napriklad bednici viiz pro betondz nosné konstrukce
spodni klenby raZeného tunelu. Autor Cerpd z vlastnich zkuSenosti, které nabyl pri vedeni praci v popisované Cdsti tunelového tiseku a ddle
z technologickych postupii, provozni dokumentace a realizacni dokumentace stavby. Pro ilustraci problematiky jsou priloZeny fotografické

prilohy a schémata bednicitho vozu.

ABSTRACT

The paper describes the procedure of the construction of the final lining of the triple-lane mined tunnel invert on a part of con-
struction lot 0079 — Spejchar — Pelc-Tyrolka. The first part is dedicated to the technical description of the travelling formwork which
was designed and used for forming the walls, side blocks and dividing walls in the invert. The second part contains the detailed expla-
nation of the construction of individual components of the invert, i.e. a part of the bottom, side blocks, dividing walls and the road
deck. In the conclusion the reader is acquainted with structural details relating to the procedure of work on atypical sections in the
tunnel part being described and problems of the use of waterproofing elements. The objective of the paper is to assess the construc-
tion technology in relation to individual elements of the technical solution and point out very atypical technological elements, such
as for example the travelling formwork for the casting of the mined tunnel invert load-carrying structure. The author draws upon his
own experience he gathered when he managed work in the tunnel section being described and from technological procedures, opera-
ting documents and the detailed design. Photographic attachments and the travelling formwork charts are added for illustration.

ovoD

Tunelovy komplex Blanka je nejvét$i podzemni stavbou
budovanou na tdzemi CR. Se svou budouci délkou 6,382 km
bude tvorit severozdpadni dsek méstského okruhu v Praze
s napojenim na Strahovsky tunel. Jednou ¢ésti tohoto souboru
staveb je i nejdel3i souvisly razeny tunel v CR o délce 2,23 km
mezi Letnou a Trojou. Ctenéfi byli s riznymi etapami vystav-
by tohoto tunelového dila prubézné seznamovéni v minulych
¢islech casopisu Tunel (¢. 3/2007, 1/2011).

Na konci roku 2010 nastoupil realizacni tym podzemnich
staveb SMP CZ, a.s., z divize 2 do tfipruhové severni tunelo-
vé trouby (STT), kterd spadd v ¢asti stavby 0079 do stavebni-
ho celku razené tunely. Zde presné za dvandct mésica pracov-
ni tym dokoncil dvaapadesét sekci nosné konstrukce spodni
klenby definitivniho osténi. Konkrétné se jednalo o usek v km
5,037 102 az km 5,606 699. Priace byly zahdjeny od portdlu
razeného tunelu ze stavebni jamy na Letné, odkud byl zajiSto-
van prisun materidlu a kde bylo situovédno i zafizeni stavenis-
té. Soucdsti dodavky SMP CZ, a.s., byly také tunelové propoj-
ky TP 12b a TP 13b, respektive alespon jejich spodni klenba.

Postup praci se principidlné neli$il od postupu na ostatnich
usecich tfipruhového tunelu. Vyjimkou bylo pouZiti pojizdné-
ho bedniciho vozu pro pficky a boéni bloky z dilct bedniciho
systému Meccano, jehoZ autorem a dodavatelem byla firma
ULMA Construccién CZ s r.0., kterd ptisobi v CR jiz od roku
1993 puvodné pod obchodnim ndzvem Bepatech, spol.
s r.0. Zabyvé se prodejem a pujcovanim bednicich, podpur-
nych a paZicich systému, le§eni i ndvrhem a provddénim
specidlnich konstrukci mimo jiné i pro bednéni tunelovych
kleneb.

INTRODUCTION

The Blanka complex of tunnels is the largest underground
construction project being currently implemented in the Czech
Republic. With its future length of 6.382km it will form the
north-western section of the inner City Circle Road in Prague,
with a connection to the Strahov tunnel. One of the parts of
this complex of tunnels is the longest uninterrupted mined tun-
nel in the Czech Republic between the districts of Letnd and
Troja, which is 2.23km long. Readers were continually infor-
med about individual stages of this tunnel complex constructi-
on in previous papers published in TUNEL journal (No.
3/2007, No. 1/2011).

The end of 2010 saw an underground construction realisati-
on team of Division 2 of SMP CZ, a.s., commence the work in
the triple-line northern tunnel tube (NTT), which is in a part of
construction lot 0079 a component of the mined tunnels con-
struction complex. The working team completed fifty two sec-
tions of the load-carrying structure of the final lining invert in
this tunnel, in exactly twelve months. In concrete, it was the
section between chainages km 5.037102 and km 5.606699.
The work started from the mined tunnel portal, from construc-
tion pit in Letnd, from which materials were supplied to the
tunnel and where the construction site arrangement was loca-
ted. Tunnel cross passages TP 12b and TP 13b, or at least their
inverts, were also parts of the SMP CZ, a.s., contract.

The work procedure in principle did not differ from proce-
dures used on the other sections of the triple-lane tunnel. The
application of a travelling formwork to the dividing walls and
side blocks was an exception. The Meccano system units
designed and supplied by ULMA Construccién CZ s r. 0. were



Obr. 1 Hotové délici stény pod mostovkou (zdroj: Archiv SMP CZ, a.s.)
Fig. 1 Complete dividing walls under the road deck (source: SMP CZ, a. s., archives)

PROJEKCNI RESENI

Z projekéniho hlediska je popisovany tsek tunelu ve znac-
ném podélném spadu smérem od Letné do Troje (5 %)
a prevdzné v levostranném oblouku o poloméru 330 m,
mostovka md pri¢ny sklon 4 %. Tubus je v celé délce navrzen
pro tfi jizdni pruhy. Konstrukce tunelu je navrZena
z monolitického Zelezobetonu s ocelovou vdzanou vyztuZzi.
Hydroizola¢ni féliovy systém proti tlakové vodé je uzavieny
(celoplos$ny).

Spodni klenba je v pri¢ném fezu Clenéna na &dsti: dno,
boc¢ni bloky, dvé délici pri¢ky tl. 300 mm vymezujici prostor

Y

pro technickou chodbu (Sitka 1800 mm) a vzduchotechnické
kandly (Sitka 2x3050 mm) (obr. 1). Tento prostor je pak pre-
klenut mostovkou tl. 350 mm, kterd v pri¢ném sméru vymezu-
je vlastni prostor tfipruhové vozovky. Dno, obé délici pri¢ky
a mostovka jsou navrZzeny jako Zelezobetonové konstrukce.
Oproti tomu bo¢ni bloky jsou z prostého betonu, vyztuzeného
pouze konstrukéné. Obecné vystavba spodni klenby postupo-
vala tak, Ze se na izolaci nejdrive vybetonovalo dno, poté za
pomoci bedniciho vozu byly vybetonovany délici stény
a bloky a postup se ukoncoval mostovkou.

Definitivni osténi raZenych tunelu je rozdéleno do bloku —
sekci. Délka bezné sekce je 10,5 m a jednotlivé sekce jsou
mezi sebou oddéleny pri¢nou pracovni sparou, kterd je vzdy
kolmd k niveleté tunelu. Pres spdru neprochdzi podélnd
vyztuz a zdroven neni opatfena zZddnou vyplni. Vyjimkou jsou
dilataéni spary, do kterych byl systémové vklddan extrudova-
ny polystyren o tl. 20 mm, ktery slouZ{ jako ochrana proti pru-
chodu bludnych proudu.

Do vsech pracovnich spar byly navrzeny a osazeny tésnici
prvky, konkrétné bentonitové tésnici pasky. Vyjimkou byly
pouze podélné pracovni spary mezi dnem a bocnimi bloky,
které byly opatfeny perforovanym kiiZovym tésnicim plechem
s bitumenovou upravou, ktery zaroven slouzil jako ztracené
bednéni pro betondZ této Eésti konstrukce.

POPIS BEDNICIHO VOZU

Bednici vozik byl navrzen ze standardnich prvka — Meccano
profila, diagondl z profilu 60/60/4 a 50/50/4, modulovych tru-
bek a typovych pojezdovych kol (obr. 2). Zikladem
bylo bednéni stén z féliovanych betondiskych preklizek o tl.
24 mm, zavéSené pojizdné na hornim nosniku Meccano 180,
ustaveném pri¢né k ose tunelu. Nosnik Meccano 180 byl pode-
pren na vzpérdch z nosniki Meccano 120. Tyto vzpéry byly
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used. This firm has operated in the CR
since 1993, originally under the trade
name of Bepatech, spol. s r. o. It is
engaged in selling and lending form-
work systems, supporting and bracing
systems, scaffolding and in designing
and executing specialist structures,
among others even for tunnel vault
forming systems.

DESIGN SOLUTION

In terms of the design the tunnel
section being described 1is on
a significant longitudinal gradient
down from Letna toward Troja (5%)
and mostly on a 330m-radius left-
hand curve; the road deck crossfall is
4%. The tube is designed for three
traffic lanes throughout it length.
Cast-in-situ concrete with tie-up rein-
forcement is designed for the tunnel
structure. The plastic membrane waterproofing system resis-
ting to pressure water is closed (full tanking).

The invert is divided in the lateral direction into the follo-
wing parts: bottom, side blocks, two 300mm thick dividing
walls defining the space for a service corridor (1800mm wide)
and ventilation ducts (2x3050mm wide) (Fig. 1). This space is
subsequently covered by 350mm thick road deck, which deli-
mitates the space for the triple-lane roadway itself in the late-
ral direction. The bottom, both dividing walls and the road
deck are designed as reinforced concrete structures. In con-
trast, the side blocks are in mass concrete reinforced only
structurally. In general the construction of the invert work
sequence started by casting the bottom on the waterproofing,
then the dividing walls and blocks were cast using the travel-
ling formwork and the sequence was completed by casting the
road deck.

The final lining of the mined tunnels is divided into blocks
— sections. The length of a common section is 10.5m and indi-
vidual sections are separated from each other by a transverse
construction joint, which is always perpendicular to the tunnel
alignment. Longitudinal reinforcing bars do not pass through
the joint and the joint is not provided with any filling.
Expansion joints are an exception. Extruded polystyrene pla-
tes 20mm thick providing insulation against stray currents
flow were inserted into them.

Sealing elements, concretely bentonite waterbars, were
inserted into construction joints. Longitudinal construction
joints between the bottom and side blocks were the only
exception. They were provided with a bitumen-coated perfora-
ted cruciform sealing steel sheet, which at the same time ser-
ved as sacrificial formwork for the casting of this part of the
structure.

TRAVELLING FORMWORK DESCRIPTION

The travelling formwork design contains standard elements
— Meccano profiles, diagonal profiles 60/60/4mm and
50/50/4mm, modular pipes and standard travelling wheels (see
Fig. 2). The basis was the formwork for walls from 24mm
thick concrete casting plywood covered with a foil, which was
suspended in a movable way from the Meccano 180 upper
beam, which was set transversally to the tunnel axis. The
Meccano 180 beam was supported by Meccano 120 props. The
props were installed on wheels and stabilised by common bra-
ces. This system made the longitudinal movement of the enti-
re structure possible. The outside walls providing formwork
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osazeny na koleckdch a stabilizovany obvyklymi vzpérami
a takto byl umozZnén pohyb celé konstrukce v podélném sméru.

N oo

Krajni stény, tvorici bednéni bo¢nich bloku, byly ve své polo-
ze stabilizovany jednak v horni ¢asti teleskopickou podpérnou
konstrukei ze systému ORTHO s patkou, jejimZ ustavenim
byla zajiSténa horni ¢éast ve spravné poloze, a v paté kotvenim
spinaci tyéi DW 15. Bednéni stén bylo sepnuto spinacimi tyce-
mi a ve spravné poloze zaji§téno drevénymi kliny v roviné
nosniku.

V podélném sméru byl bednici vozik zavétrovan v roviné
vodorovné i svislé. Zavétrovani bylo navrZeno jednak leSenar-
skymi trubkami v krajnich faddch vodorovné i svisle, u sté€n
svisle (ve schématu zndzornéno modre), v faddch podpor svis-
le vzpérami z profila 60/60/4 (zndzornéno zelené) a ve stredn{
&asti vodorovné modulovymi trubkami (zndzornéno $edé).

Odbednovalo se po dosaZeni pevnosti bo&nich bloku a stén,
obvykle po osmndcti hodindch. Zkousky pevnosti byly prova-
dény nedestruktivné Schmidtovym kladivkem. Pro snadné&jsi
odbednéni byly navrzeny predem vybetonované zarodky stén,
nicméné pozdeji se od nich ustoupilo a tento detail u paty
stény byl vyfeSen vloZenim (podsunutim) ocelovych L profilu
pod spodni &ast bednéni, aby bylo zabrdnéno vyteceni betono-
vé smesi.

Pro odbednéni byl vozik vybaven systémovymi ORTHO pat-
kami pro bednéni bo¢nich bloku, které byly, samoziejmé spolu
se spinaci ty¢i kotvy v paté, uvolnény. Pfi odbednén{ stén byly
uvolnény dievéné kliny a bo¢ni plenty byly odsunuty od lice
betonu tak, jak je patrno ze schématu (obr. 2). Zde byl i prostor
pro ¢istén{ bednéni u stén.

TECHNOLOGIE VYSTAVBY

7 provadéciho hlediska se jednalo o proudovou vystavbu,
kdy v predstihu musela byt provedena Zelezobetonovd dna
nejméné dvou sekei z betonu C 30/37 XC1 a za nimi postupo-
val bednici vuz, pricemZ tyto ¢innosti byly na kritické cesté
celého stavebniho proudu. Pomoci bedniciho vozu byly prove-
deny boéni bloky (beton C 20/25 XCI1) a ob¢ stény pod
mostovkou (beton C 30/37 XCI1). Odbednéni, prejezd
a zabednéni téchto konstrukci pomoci vySe popsaného vozu
bylo snadné a technicky pomérné jednoduché. Nejvétsim pro-
blémem bylo bednéni &el bloku, které se vzhledem k féliové
hydroizolaci nedalo zakotvit do priméarniho osténi a muselo se
vyuZivat kotveni pfes vyztuZ bloku. Poslednim dkonem byla
betondZ samotné mostovky (beton C 30/37 XC1) pomoci kla-
sickych stropnich sestav.

Obr. 2 Schéma betondzniho vozu v poloze zabednéno (zdroj: Vyrobni
a montdzni dokumentace bedniciho vozu., ULMA CONSTRUCCION CZ,
s. r.o.,2011)

Fig. 2 Chart of the travelling formwork in the formwork prepared position
(source: Production and assembly documents of a travelling form; ULMA
CONSTRUCCION CZ,s. r.o.,2011)

for the side blocks were stabilised in their positions in the
upper part by an ORTHO system telescopic supporting struc-
ture with a shoe. By setting it into position the upper part was
stabilised in correct position. DW 15 tying rod stabilised the
bottom part. The formwork for the walls was tied together with
tie rods, whilst the correct position was secured by wooden
wedges located at the beam level.

The travelling formwork was braced in the longitudinal
direction both in the horizontal and vertical plane. The design
proposed scaffolding tubes for the bracing, both horizontal and
vertical in the outside rows, vertical at the walls (marked blue
in the chart), vertical in rows of posts using braces from
60/60/4 sections (marked green) and horizontal in the middle
part using modular tubes (marked grey).

The formwork was stripped after reaching the required
strength of the side blocks and walls, usually after 18 hours.
Non-destructive Schmidt hammer rebound testing was used
for the determination of strength. Starter stubs cast in advance
were designed for easier formwork stripping from the walls.
Nevertheless, later we abandoned this procedure and solved
this detail at the wall toe by inserting (shifting) steel L-secti-
ons under the bottom part of the formwork so that leaking of
concrete mix was prevented.

For the purpose of stripping, the tra-
velling formwork was equipped with
ORTHO system shoes for forming the
side blocks. Of course, the shoes toget-
her with the anchor rod at the bottom
were released. During the wall formwork
stripping wooden wedges were unwed-
ged and the side screens were shifted
away from the concrete surface, see the
chart (Fig. 2). There was even a space
there for formwork cleaning between the
formwork and the stripped wall.

CONSTRUCTION TECHNOLOGY

From the execution point of view,
a streamlined system was used, where
reinforced concrete bottoms of at least
two sections using C 30/37 XC1 concre-

Obr. 3 Pohled na rozpracovanou prvni sekci spodni klenby v STT (zdroj: Archiv SMP CZ, a.s.)
Fig. 3 View of the first section of the NTT invert in process (source: SMP CZ, a. s., archives)

te had to be carried out in advance. The
travelling formwork followed them.




Obr. 4 Prdce na kandlech VZT (zdroj: Archiv SMP CZ, a.s.)
Fig. 4 Work on ventilation ducts (source: SMP CZ, a. s., archives)

Vystavba probihala v nepretrzitém provozu (24 hodin
denné). V plném nasazeni bylo mozno provést jeden krok (dno,
boc¢ni bloky, pri¢ky a mostovku) za 60 hodin. V kazdé sméné
bylo nasazeno deset pracovniku z fad vlastnich zaméstnancu
SMP CZ, a.s. V dennich sménach probihala navic ukladka
vyztuze. Betonovalo se v no¢nich sméndch. Betonovad smés
byla dopravovana do podzemi autodomichdvaci a sekundarni
preprava betonu na stavenisti byla zaji§tovdna stabilnim Cer-
padlem na beton typu Putzmeister. Dodavatelem betonové
smési byla betondrna TBG Metrostav na Rohanském ostrové,
popripadé byly doddvky zajiStovany ze sesterské betondrny
v Troji.

Specifikem byly atypické sekce s pri¢nymi svody vzducho-
techniky, kterych bylo v popisovaném useku celkem sedm
(vzdy po 80 m). Na tyto prace byly vyclenény zkuSeni tesari
opét z fad vlastnich zaméstnanct vzhledem k vysokym néro-
kim na presnost a sloZitosti tvaru kandlu (obr. 4, 5). Jako bed-
néni téchto atypickych konstrukci slouzily dievéné ramendty
potazené dvéma vrstvami preklizky tloustky 5 mm. Toto feSe-
ni dostalo prednost pred ocelovymi stavitelnymi formami,
u kterych byla nevyhodou vysokd hmotnost a zna¢nd pofizo-
vaci cena.

Komplikaci pro plynuly postup predstavovaly atypické
sekce pri kfiZzeni s kandly strojovny vzduchotechniky, které
byly po trase v severni tunelové troubé celkem tfi — jednalo se
o kfiZeni na sekcich 24, 38 a 45. Posledni uvedend navic byla
i sekef kiiZeni s propojkou TP 13 b a TGC 4 a byl zde navrZzen
podchod, kvili Cemuz bylo toto misto obtizné prekonatelné
s bednicim vozem. Sekce 38 byla atypicka jednak svou délkou,
ale predevsim tim, Ze pod ni prochdzel tubus vzduchotechnic-
kého kandlu 04. Bylo nutné zde koordinovat price s dal$imi
zhotoviteli tak, aby nedoslo ke zdrzeni. Tato mista totiz fungo-
vala jako jediné pristupy do strojovny vzduchotechniky, kde ve
stejné dobé probihaly intenzivni price spoleCnosti Metrostav
a.s. na definitivnim osténi. Z tohoto divodu byly kladeny
vysoké ndroky na pldnovani logistiky — zejména doddvek
vyztuze a betonové smési. Na pracovisti v tunelu nebylo
mozné mit prakticky Zddnou sklddku materidlu kvuli stisné-
nosti podzemnich prostor, nutnosti zachovdni{ prijezdného
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These operations were on the critical path of the entire con-
struction flow. The side blocks (concrete C 20/25 XC1) and
both walls supporting the road deck (C 30/37 XCI1 concrete)
were cast using the travelling formwork. Formwork stripping,
transfer and formwork erection for these structures using the
above-described travelling form was easy and technically rela-
tively simple. The biggest problem was with the installation of
formwork at front ends of the blocks. It could not be anchored
into the primary lining with respect to the plastic waterproo-
fing membrane and anchors had to fixed to the reinforcement
of the blocks (see Fig. 3). The last operation was the casting of
the road deck itself (concrete C 30/37 XC1) using classical
sets for casting floor slabs.

The work was carried out in shifts operated over 24-hour
per day. In full swing, it was possible to carry out one step
(bottom, side blocks, dividing walls and road deck) in 60
hours. Ten workers from the SMP CZ, a.s., staff were employ-
ed in each shift. In addition, in day shifts, reinforcement pla-
cing was underway. Concrete was cast in night shifts. Concrete
mixture was transported to the underground by mix trucks and
the secondary transport of concrete on site was provided by
a stable Putzmeister concrete pump. Concrete mix was suppli-
ed by TBG Metrostav batching plant on Rohansky Ostrov
island, or from its sister plant in Troja.

Atypical sections with transverse ventilation conduits (seven
in the section being described, installed at 60m spacing) were
the specifics. Experienced carpenters, again from among
SMP CZ, a.s., own employees, were singled out for this work
with respect to the high demands on accuracy and the com-
plexness of the conduit shape (see Figures 4 and 5). Timber
templates covered with two Smm thick layers of plywood were
used for forming these atypical structures. This solution was
given preference against adjustable steel forms, where the disa-
dvantage lied in high weight and significant purchase price.

Atypical sections intersecting with ducts leading from the
ventilation plant chamber (three along the northern tunnel tube
route, in sections 24, 38 and 45) posed complications for fluent
advancing. In addition, the last of the three above-mentioned
sections comprised the intersection with TP 13 cross passage
and the TGC 4 services structure; in addition, a subway was
designed to be in this section. For these reasons this location
was difficult for the travelling formwork to overcome. Section
38 was atypical in terms of its length and, first of all, with res-
pect to the fact that it passed under by the tube of ventilation
duct 04. It was necessary in this location to coordinate work
with other contractors to prevent a delay. The reason was that
those locations served as the only accesses points to the venti-
lation cavern, where concurrent intense work of Metrostav
a. s. on the final lining was underway. For that reason high
demands were placed on the planning of logistics, first of all
supplies of reinforcement and concrete mixture. There was vir-
tually no space at the workplace due to the constrained charac-
ter of the underground spaces, the necessity to maintain the cle-
arance profile and regular shifting ahead with the flow. It was
therefore necessary to have uninterrupted grasp of supplies and
monitor any deviation and immediately solve all nonconformi-
ties which could have resulted into slowing down or possibly
stopping of the work flow. The importance of this system inc-
reased when travelling formwork sets for the upper vault were
deployed behind the SMP CZ, a.s., workplace.

14 thousand cubic metres of concrete and over 1000 tonnes
of concrete reinforcement in total were placed on the section
being described, with two thirds of this amount formed by bent
KARI mesh. Great attention had to be paid to details, first of
all details of waterproofing, concretely to the installation of
bitumen-coated perforated cruciform sealing steel sheets into
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profilu a pravidelného posouvani
s proudem kupredu. Proto bylo nutné
mit nepretrzity prehled o dodavkach
a sledovat jakékoliv odchylky a okam-
7it€ TteSit veSkeré neshody, které by
mohly mit za ndsledek zpomaleni nebo
docasné zastaveni proudu. Toto nabylo
na dulezitosti, kdyZ za pracovi§tém
SMP CZ, as., byly nasazeny bednici
vozy pro horni klenbu.

Celkem se uloZilo v popisovaném
tiseku o délce 569 m 14 tis m? betonu
a pres 1000 tun vyztuze, z ¢ehoz dvé
tretiny predstavovaly ohybané KARI
sit€. Velkou pozornost bylo tfeba véno-
vat detailum, a to zejména hydroizolac-
nim. Konkrétné ukladan{ krizovych ple-
chu s bitumenovou dpravou do pracov-
ni spary mezi dno a bocni bloky.
Funkce téchto plechu byla dvoji, a to
jednak zajisténi sekunddrni ochrany proti prasakim do kon-
strukce, ale také funkce ztraceného bednéni bo¢ni hrany dna
pfi betondzi, coz vyzadovalo vysokou peclivost pri osazovani
téchto plechu tak, aby byla zajiSténa jejich mechanickd odol-
nost a stabilita. Je tfeba dodat, Ze plechy musely byt podélné
spojovdny prubézné a nesmély byt nikde preruseny, aby byla
zajisténa jejich hydroizola¢ni funkce.

Do zbylych pracovnich spar byly osazovany jako pojistka
bentonitové pdsky, jejichZ funkci je opét sekundarni ochrana
proti pripadnym prusakum podzemni vody.

ZAVER

Pro firmu SMP CZ, as., kterd je zaméfena predev§im na
mosty, vodohospodérska dila na kli¢, velké prumyslové celky
a zelezobetonové konstrukce, byla prace v rezimu ¢innosti pro-
vadéné hornickym zpusobem dle zdkona &. 61/1988 Sb.
v platném znéni v razeném tunelu velice cennd zkuSenost.
Pracovnici stfediska 23 v té dobé jiz méli za sebou z oblasti
podzemnich staveb realizaci nékolika objektu prazského metra
a casti tunelového komplexu Blanka, avSak pouze na hloube-
nych dsecich. Jedinou absolvovanou akci v raZzeném tunelu do
té doby byla ukladka vyztuZze horni klenby na silni¢nim tunelu
Panenskd v roce 2005.

Slo o stavbu organizacné velmi ndro¢nou, ale dodava-
tel SMP CZ, a.s., ziskal o to cennéjsi zkuSenost, zejmé-
na z pohledu koordinace praci v nepfetrzitém provozu.
Z technického hlediska byly nejveétsi komplikaci atypické
sekce.

ING. LIBOR STEFAN, stefan@smp.cz,
SMP CZ, a.s.

Recenzovali: Ing. Viadimir Prajzler, Ing. Jan Korejcik
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Obr. 5 Pohled na VZT kandil (zdroj: Archiv SMP CZ, a.s.)
Fig. 5 View of the ventilation duct (source: SMP CZ, a. s., archives)

the engineering joint between the bottom and side blocks.
These sheets had two functions — to secure secondary protecti-
on against seepage into the structure and to serve as sacrificial
formwork for the side edge during the course of casting conc-
rete. It required great care during the installation of the sheets.
In addition, the mechanical endurance and stability of the she-
ets had to be secured. It is necessary to add that the sheets had
to be interconnected longitudinally and no interruption was
allowed so that their waterproofing capacity was maintained.
Bentonite waterbars were inserted into remaining construc-
tion joints as safety elements the function of which is secon-
dary protection against potential seepage of groundwater.

CONCLUSION

Working in a tunnel in the regime of activities carried out in
a mining-like way according to requirements of the Law No.
61/1988 Coll. as amended was very valuable experience for
CMP CZ, a. s., which is focused first of all on bridges, water
resources structures turnkey contracts, large industrial com-
plexes and reinforced concrete structures. Workers of Centre
23 had had some work from the area of underground construc-
tion under their belts, namely several structures on Prague
metro and parts of the Blanka complex of tunnels, but only
those related to cut-and-cover tunnel sections. The only con-
tract completed in a mined tunnel since that time was the pla-
cement of reinforcement for the upper vault in the Panenska
motorway tunnel in 2005.

The construction was very demanding, but the contractor,
SMP CZ, a. s., gained all the more precious experience, first of
all in terms of the coordination of work in 24-hour operation.
From the technological point of view most complicated were
the atypical sections.

ING. LIBOR STEFAN, stefan@smp.cz,
SMP CZ, a.s.
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TUNELOVY KOMPLEX BLANKA - UPRAVA POVRCHU
PODZEMNICH STEN HLOUBENYCH TUNELU

BLANKA COMPLEX OF TUNNELS - SURFACE FINISHING
OF DIAPHRAGM WALLS IN CUT-AND-COVER TUNNELS

ING. LIBOR STEFAN

ABSTRAKT

V ldnku je detailné popsdn zpusob FeSeni povrchové iipravy a vyrovndni podzemnich (mildnskych) stén v hloubenych dstech tunelové-
ho komplexu v Praze na Letné, v rdmci staveb 0079 a 0080. V prvni dsti jsou chronologicky zminény jednotlivé ndvrhy se svymi klady
i zdpory. V &dsti druhé je popsdno technické reSeni pribetondvek spodni dsti podzemnich stén se vSemi detaily. Je podrobné popsdn ndvrh
i zpuisob kotveni pribetondvky ke sténé, zabednéni této &dsti konstrukce a postup praci u kabelovych kandli. Dalsi popis je vénovdn proble-
matice prefabrikovanych tenkosténnych obkladovych panelii, které maji funkci zdkrytového prvku horni &dsti stén v tunelu. Je zde opét
detailni charakteristika tohoto konstrukéniho prvku. Na zdver je zhodnocen postup praci jako celek a jsou rozepsdny celkové vymery,

tj. délky jednotlivych iisekii a mnoZstvi pouZitych materidlii a prvkii.

ABSTRACT

The paper contains the detailed description of the solution to surface finishes and smoothing diaphragm (Milan) walls in the cut-
and-cover sections of the complex of tunnels in Prague Letnd, within the framework of construction lots 0079 and 0080. In the first
part there are chronologically mentioned individual proposals with their positives and negatives. The second part contains the desc-
ription of the technical solution to the applying an additional concrete layer on the bottom part of diaphragm walls, with all details.
The description covers in detail the design and system of anchoring the layer added to the wall, the formwork for this part of the struc-
ture and the work procedure at cable ducts. The following description is dedicated to problems of pre-cast thin-walled cladding pane-
Is having the function of elements covering the upper part of the walls in the tunnel. The properties of this structural element are also
described in detail. In the conclusion, the works procedure is assessed as a whole and the total quantities, i.e. the lengths of indivi-

dual sections and the quantity of materials and elements used are presented.

ovoD

Posldnim ¢ldnku je sezndmit Ctendfe s dpravami definitivnich
povrchu vnitinich a vnéjSich podzemnich stén tunelového komplexu
Blanka na prazském méstském okruhu v dseku hloubenych tuneltu
mezi dilatacemi D1-D11 (km STT 4,398 595-4,747 395). Konkrétné
se jednd o stavebni objekt 9020.01.02.e2, — hloubené tunely Letna,
vnitini konstrukce. Zmifiovany dsek hloubenych tunelt byl postaven
systémem modifikované milanské metody, pfi které byly nejdfive ze
zaji§téného predvykopu provedeny konstrukéni podzemni stény
a strop tunelu. Po jeho zasypani byla dotéZena zbyld zemina v profilu
tunelu pod jiZ zhotovenym stropem a ndsledné, bez dalSich zdsaht do
povrchové dopravy, byly postupné provadény dalsi konstrukce tune-
lu. Konkrétné se jednalo o technické chodby pod trovni vozovky,
spodni rozpérné desky, prvni ¢dst vyrovnavacich podvozovkovych
betont a konstrukce chodniku. Pravé po dokonceni chodniku, na
za&étku roku 2012, bylo definitivné rozhodnuto o nutnosti vyrovna-
ni lice podzemnich stén mezi chodnikem a stropem v tunelu, jelikoZ
bylo nutné pripravit povrch pod keramicky obklad, respektive pod
natér.

NAVRHY JEDNOTLIVYCH VARIANT

Podle prvotnich ndvrhii mé&la byt vyrovnavka provedena bud tech-
nologif stifkaného betonu, zde vSak panovala obava o dosazen{ poZa-
dované rovinatosti findlntho povrchu pod keramicky obklad, nebo
technologii monolitické pribetondvky k podzemni stén€ na celou
vysku, kterd vychédzela po zkalkulovani ndkladnéji. Technickd skupi-
na divize 2 SMP CZ, a.s., prinesla ndvrh na mozZnost vyrovnani stén
pomoci prefabrikovanych tenkosténnych paneld. Toto feSeni prinaSe-
lo vyhody jednak v rychlosti montéZe, ddle v tvarové variabilité
a zejména potom ve vysoké presnosti a kvalit¢ povrchu pod obklady
a natéry. NavrZené feSeni zahrnovalo v pii¢ném fezu dvé fady panelt

INTRODUCTION

The objective of the paper is to inform readers about the final finis-
hes of the inner and external surfaces of diaphragm walls in the Blanka
complex of tunnels on the City Circle Road in Prague, in the cut-and-
cover section comprising expansion blocks D1-D11 (the NTT chaina-
ge km 4,398 595-4.,747 395). In concrete, it is the case of constructi-
on object 9020.01.02.e2 — Letnd Cut-and-cover Tunnels, Inner
Structures. The above-mentioned cut-and-cover section was construc-
ted using the Modified Milan Method, where structural diaphragm
walls and the tunnel roof deck were carried out first, from a stabilised
pre-excavated pit. Ground remaining under the completed roof deck
was excavated subsequently, after the deck backfilling. Other tunnel
structures were subsequently carried out, without interference with
surface traffic. In concrete, they comprised technical galleries under
the roadway level, bottom bracing slabs, the first part of levelling
concrete layer under the roadway and walkway structures. It was just
after the completion of the walkways at the beginning of 2012 that the
decision was made that it was necessary to smooth the inner surface of
diaphragm walls between the walkway and the tunnel roof deck becau-
se it was necessary to prepare the surface under vitreous enamel coa-
ted cladding or under paint coating.

PROPOSALS FOR INDIVIDUAL VARIANTS

According to initial proposals, the smoothing was to be carried out
using the shotcrete technology. However, there were fears regarding
the reaching of the prescribed flatness of the final surface under the vit-
reous enamel coated cladding. The other variant was to cast in-situ an
additional concrete layer on the full height of diaphragm walls. The
cost calculated for this variant was higher. The technical group of
Division 2 of SMP CZ, a. s., submitted a proposal for the possibility of
smoothing the walls by pre-cast thin-walled panels. This solution
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Obr. 1 Pribetondvka spodni dsti podzemnich stén (Archiv SMP CZ, a.s.)
Fig. 1 Concrete layer cast on a part of diaphragm walls (SMP CZ, a. s., archives)

nad sebou, pri¢emz spodni fada méla byt zalita na celou svou vysku
betonem a panel mél tedy plnit funkci ztraceného bednéni. Horn{
panely mély zustat pouze prikotvené k podzemni sténé€ s provétrd-
vanou mezerou mezi rubem panelu a licem stény.

RESENI MONOLITICKE PRIBETONAVKY
V DOLNI CASTI STENY

Po nékolika provedenych zkouskach a sérii jedndni s objednatelem
a projektanty se toto feSeni modifikovalo na kombinaci monolitické
pribetondvky v dolni &4sti stén do trovné 3340 mm nad povrch chod-
niku a zavéSenych paneld v horni &4sti stén, tedy od horniho lice pii-
betondvky aZ po strop. Tato varianta byla vyhodnocena jako ekono-
micky nejvyhodnéjsi a prindsela téZ kombinaci vyhod obou feseni.
U monolitické pribetondvky to byla zejména vyhoda modulové
vysky systémového bednéni PERI TRIO. Jednalo se o to, aby cely
systém byl co nejjednodussi a umoznoval maximalni variabilitu pro
dané prostredi.

Systém kotven{ bednicich dilct byl navrZen tak, aby byla moZnost
tyto kotvy pripravovat dopfedu a minimalizovat tak moZnou ¢asovou
ztratu pri samotné praci s bednénim. Systém zabednéni je patrny
z obrédzku 3, kde jsou v pohledu vidét hranoly o §ifi 100 mm osaze-
né mezi jednotlivymi bednicimi dilci, pfes které bylo zajisténo kot-
veni celého bednéni. Byly pouzity hranoly z tvrdého vyschlého
dfeva, aby byla zajiSténa jejich tvarova stdlost a nebylo zde riziko
pokrouceni a vznik nezddoucich deformaci. V pficném fezu je vidét
vyskové rozmisténi kotev a hodnoty teoretickych sil, kterymi jsou
tyto kotevni ty¢e namdhdny pri betondZzi. Podélné byla prokotvena
kazdé vlozka, tj. kotvy byly vrtany po 1300 mm a vZdy tfi kusy na
vysku.

Vzhledem k faktu, Ze podzemni stény jsou silné vyztuZeny, prav-
dépodobnost, Ze se pri vrtan{ narazi na vyztuz a vrt se vychyli, byla
vysokd. Navrzené feSeni kotevniho systému mélo vyhodu i v tom, Ze
hranol z tvrdého dreva umoznoval vodorovnou odchylku kotevni
ty¢e +/— 50 mm na kazdou stranu a ddle azZ +/— 100 mm vySkovou
odchylku, s ohledem na velikost namdhani tyce. Kdyby se pouzivalo
standardnich bednicich dilcu s otvory pro kotevni ty&, bylo by
s ohledem na tolerance nutné vrtat kotvy vzdy pii osazovani bedné-
ni, coZ by zdsadnim zpusobem negativné ovlivnilo rychlost postupt.

Jako kotvici systém byla zvolena kombinace zdvitovych tyci
z vysoce jakostn{ nerezové oceli 1.4404 podle DIN o priméru 16 mm
lepenych do vrtu v podzemni sténé epoxidovym lepidlem. Nerezova
ty¢ byla po odbednéni zafiznuta zdroven s licem betonu a pln{ tedy
zdroven funkci trvalého kotveni pfibetondvky (obr. 3).

Délka betondzniho zdbéru byla vzdy 33 metra, coZ je vzdalenost
mezi dvéma sousednimi svislymi kabelovody na podzemni sténé. Tato
mista byla betonovéana dodate¢né jako monolit na celou vysku stény.

Obr. 2 Odbedniovani pribetondvky (Archiv SMP CZ, a.s.)
Fig. 2 Stripping the formwork from the cast-on layer (SMP CZ, a. s., archives)

brought advantages in terms of the assembly speed, the variability of
shapes and, first of all, the high precision and quality of the surface
under the cladding and paint coating. In the cross-section, the propo-
sed solution comprised two tiers of panels, with concrete poured
behind the lower-tier panels to the full height; the panel was therefore
to fulfil the function of sacrificial formwork. The upper panels were to
remain only anchored to the diaphragm wall, with a ventilated gap bet-
ween the panel outer surface and the inner surface of the wall.

THE SOLUTION FOR THE CAST-IN-SITU CONCRETE LAYER
CAST ON THE BOTTOM PART OF THE WALL

After conducting several tests and series of discussions with the cli-
ent and designers, this solution was modified to a combination of a cast-
in-situ concrete layer cast on the bottom part of the walls up to the
height of 3340mm above the walkway surface and panels hanging on
the upper part of the walls, i.e. from the upper edge of the lower added
layer up to the ceiling. This variant was assessed as economically most
advantageous and it, in addition, brought a combination of advantages
provided by both solutions. In the case of the cast-in-situ layer it was
first of all the advantage of the modular height of PERI TRIO formwork
system. The objective was to have a system as simple as possible, allo-
wing maximum variability for the particular environment.

The system of the formwork panels anchoring was designed in
a way guaranteeing that the anchors could be prepared in advance,
thus the possible loss of time incurred during the work with the form-
work itself could be minimised. The formwork system is presented
in Figure 3, showing in elevation 100mm wide timber joists installed
between individual formwork panels and anchors passing through
them, supporting the whole formwork. Dried hardwood joists were
used with the aim of securing their volumetric stability and preven-
ting the risk of twisting and undesired deformations. The cross-sec-
tion shows the distribution of anchors along the height and theoreti-
cal forces acting on the anchoring rods during the casting of concre-
te. Longitudinally, each insert was anchored — holes for anchors
were drilled at 1300mm spacing, always three pieces along the
height.

With respect to the fact that the diaphragm walls are heavily rein-
forced, the likelihood of hitting reinforcement bars during the drilling
and deviating from the drillhole direction was high. The proposed
solution for the anchoring system was advantageous even in the fact
that a hardwood joist allowed horizontal deviation of the anchor rod
+/— 50mm to each side and deviation from level up to +/~ 100mm,
with respect to the magnitude of stress induced in the rod. If standard
formwork panels with holes for anchor rods had been used, it would
have been necessary with respect to tolerances to drill holes for
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Obr. 3 Rez bednénim prFibetondvky podzemnich stén (VTD, SMP CZ, a.s.)
Fig. 3 Cross-section through the formwork for the concrete layer cast on
diaphragm walls (VTD, SMP CZ, a. s.)

PouZit byl beton receptury C 25/30 XF2 s 2 kg PP vldken/1 m? smési
o konzistenci S4, délka vldkna 6 mm, prumér 0,018 mm. Doddvky
betonové smési byly zajiStovany z betondrny TBG Metrostav v Praze
v Troji. Primdrni doprava probihala standardné autodomichévaci
a sekunddrni doprava betonu na stavenisti byla zajiSténa stabilnim
Cerpadlem, které dodala véetné profesiondlni obsluhy a nepretrzitého
servisu firma Pimevek spol. s 1. 0. Vzhledem k subtilnim rozmérum
pribetondvky byla zvolena maximadlni velikost kameniva frakce 8-16
mm, a proto mohlo byt pouzito k ¢erpani smési do bednéni potrubi
a hadice o pruméru 80 mm. Tim byla redukovana vdha hadic a byla
zajisténa snadnd manipulace s nimi.

Primérna tloustka pribetondvky je 180 mm, oviem jsou zde mista,
zejména na vnitrnich sténdch, kde se tloustka pribliZila az pouhym
65 mm. Toto byl problém hlavné u svislych kabelovodu, kde bylo
nutné z duvodu vméstnani chraniek tato mista dodate¢né ruéné ose-
kat. Jako vyztuz pfibetondvky byly pouzity sit¢ KARI 8/150/150 mm
s dpravou pozinkovanim v tloustce 60 um. Pozinkovani sité je pravé
z duvodu mensich kryti (30 mm) v mistech lokdlnich odchylek lamel
podzemnich stén smérem do profilu.

Thned po odbednéni, které probéhlo v cyklu do 24 hodin po beto-
nézi, byly po 6,448 metrech prorezavany svislé dilata¢ni spéry. Tento
modul byl zvolen po dohod¢ s projektantem, protoze respektuje sou-
et délek 4 ks panelu ve vrchnf &dsti a zdrovenn modul keramickych
obkladt, kde jsou tyto dilatace priznany. Horni lic pribetondvky byl
po odbednéni zaf{znut do vodorovné roviny tak, aby umozioval osa-
zeni pryZovych distannich pdska, na které byly posléze osazeny
samotné obkladové panely.

Je vhodné také zminit pouziti nopové félie na vnéjsich krajnich
podzemnich sténdch jako mezivrstvy mezi pribetondvkou a sténou.
Tento prvek zajistuje odvedeni pripadnych prusaku & kondenzéta
k odvodiovacim otvorum, které jsou u paty pribetondvky v trovni
chodnikl po celé délce stény, a zdrover systém umoZnuje i pro-
vétravani. Na vnitfnich sténdch, na rozdil od stén vnéjsich opatie-
nych nopovou félif, byla instalovdna geotextilie o gramdzi 300 g/m2
s nakasfrovanou PE f6lif, a to pouze v misté zdmkua lamel podzem-
nich stén.
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anchors always during the installation of the formwork. This would
have fundamentally affected the advance rates.

A combination of threaded rods of high-quality 1.4404-grade (DIN
standard) stainless steel, 16mm in diameter, fixed in drillholes in diap-
hragm walls by epoxy glue, was chosen for the anchoring system.
After the formwork stripping, the stainless steel rod was cut away flush
with the concrete surface, thus fulfilling the function of permanent
anchoring of the cast-on concrete layer (see Fig. 3).

The length of each casting block was 33 metres, which is the
distance between two neighbouring vertical cable ducts on the diap-
hragm wall. These locations ware cast additionally as a cast-in-place
structure, throughout the wall height, using C 25/30 XF2 concrete
with 2kg of PP fibres per 1m? of the mixture with S4 consistency; the
fibre length and diameter were 6mm and 0.018mm, respectively.
Concrete mix was supplied from TBG Metrostav batching plant in
Prague Troja. The primary transport system was standard using mix
trucks, whilst the secondary transport of concrete on site was provi-
ded by a stable pump supplied including professional operating staff
and 24-hour service by Pumevek spol. s r. 0. The maximum aggre-
gate fraction 8-16mm was chosen with respect to the small dimensi-
ons of the cast-on layer. Owing to this fact it was possible to use an
80mm diameter hose for the pumping of concrete mix behind the
formwork. In this way the weight of hoses was reduced and easy
handling of them was made possible.

The average thickness of the cast-on layer is 180mm, but there are
places there, first of all on inner walls, where the thickness approxi-
mated a mere 65mm. This was a problem relating first of all to verti-
cal cable ducts, where it was necessary for the purpose of cramming
casing pipes into the ducts to chop off edges in these locations additi-
onally by hand. KARI mesh 8/150/150mm coated with a 60um zinc
layer was used for the cast-on concrete layer reinforcement. The rea-
son for the galvanisation is the thinner concrete cover (30mm) in the
locations of local deviations of the diaphragm wall lamellas inside the
tunnel profile.

Immediately after the formwork stripping, which was carried out
within the cycle in 24 hours after the casting, vertical expansion joints
were cut at the spacing of 6.448m. This module was selected in agre-
ement with the designer because it respects the sum of the lengths of 4
pieces of panels in the upper part and, at the same time, it suits the
module of vitreous enamel coated cladding, where these expansion
joints are exposed. The upper edge of the cast-on concrete layer was
horizontally cut to allow the installation of rubber spacer gaskets on
which the cladding panels were subsequently placed.

It is also reasonable to mention the use of dimpled sheet on the
external surface of outside diaphragm walls as an intermediate layer
between the cast-on layer and the wall. This element secures the eva-
cuation of contingent seepage or condensed water to drainage holes
located at the bottom of the cast-on layer, at the walkway level, throug-
hout the wall length. At the same time this system makes ventilation
possible. Geotextile 300g/m? with a PE membrane with dimpled sheet
pasted on it, installed only in the locations of joints between the diap-
hragm wall lamellas providing the interlocking.

SOLUTION FOR CLADDING PANELS ON THE UPPER PART
OF THE WALL

The cladding of the upper part of the walls (see Figures 4 and 5) can
be divided into individual cladding panels, anchoring elements and
a stainless steel cover strip under the ceiling.

The pre-cast cladding panels are 45mm thick and are produced using
self-compacting, fibre reinforced C35/45-XF4 concrete with 12mm
long and 0.018mm-daiameter polypropylene fibres supplied by
KRAMPE HAREX. Concrete aggregate fraction 4/8mm is used. The
panels were produced in Prefa casting yard in Brandys nad Labem,
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Obr. 4 Uprava podzemnich stén, dole pFibetondvkou, nahove zdkrytovym
panelem

Fig. 4 Diaphragm walls finishing, by means of the cast-on concrete layer at
the bottom and a cover panel at the top

RESENI OBKLADOVYCH PANELU V HORNI CASTI STENY

Obklad horni ¢asti stén (obr. 4, 5) Ize rozdélit na samotné obkladové
panely, kotevni prvky a nerezovou zdkrytovou liStu pod stropem.

Obkladové prefabrikované panely majf tloustku 45 mm a jsou vyro-
beny ze samozhutnitelného vldknobetonu C 35/45-XF4 s polypro-
pylenovymi vlakny délky 12 mm a praméru 0,018 mm od dodavatele
KRAMPE HAREX. Kamenivo do betonu m4 frakci 4/8 mm. Panely
byly vyrdbény v Prefé v Brandyse nad Labem, kterd je souldsti
SMP CZ, a.s. Jako vyztuZ panelu je uZita svarovand sit'z ocelového dratu
o praméru 2,8 mm, oko 40x40 mm (min. R0,2=650 MPa). Sit’je opat-
fena pozinkovanou tpravou v tloustce 80 wm. Kazdy panel md Ctyfi
kotevni kruhové otvory o pruméru 20 mm s vybrdnim na licni strané
o pruméru 60 mm pro zapusténi matice kotvy. Pfi hornim lici jsou tfi
obdéInikova vybrani taktéZ pro umisténi kotev horni &¢asti panelu pod
stropem. Kazdy panel m4 tedy sedm kotevnich mist, z nichz je Sest otvo-
ra pro trvalé kotvy a jeden otvor pro montdzni mechanickou kotvu
z davodu aretace pri samotné montdZi. Déle je uprostfed panelu v jeho

vvvvv

Otdzka manipulace a zpusobu montdZe byla dlouho diskutovéna.
Pivodné se pocitalo s montdZi za pomoci vysokozdvizného vozu opat-
feného elektronickym podtlakovym drzdkem. Nicméné nakonec bylo
s ohledem na bezpecénost vybrano jednodussi feSeni mechanické mani-
pulace, kdy byly na zakdzku vyrobeny a certifikovany dva kusy specidl-
niho montazniho ramene CAD25V v&etné dvou kusi montdZnich plosin
MPO1 o rozmérech 1500x1200 mm. MontdZni ramena s plo§inami byly
osazeny na vysokozdvizné voziky a umoznovaly bezpe¢ny presun pane-
lu z prepravni klece aZ na misto montdZe. Navic zde byl prostor i pro
dvouclennou osddku, kterd panel usadila a ukotvila. Denni vykon jedné
osddky za osmihodinovou sménu byl primérné 16 kust panelu.

Kotveni bylo opét z vysoce kvalitnich nerezovych zavitovych tyci
o praméru 12 mm v kombinaci s chemickym kotvenim do podzemni
stény, coz zaruCuje Zivotnost a spolehlivost tohoto feSeni. VyuZiti mon-
tdzn{ kotvy pfi hornf hrané panelu umoZziovalo vyhnout se prostojum,
které by jinak byly nevyhnutelné pri ¢ekdni na vytvrdnuti epoxidového
lepidla. Vzhledem k vysokym poZadavkim na pohledovy povrch pane-
10 bylo nutné nejen dosdhnout velmi kvalitniho povrchu lice panelt, ale
také dokonalou ndvaznost svislych spar mezi jednotlivymi dilci
a vodorovnych spar mezi panely a hornim licem pfibetondvky. Lic
obkladovych paneli bude opatfen findlnim ndtérem stejné jako stropy
hloubenych tunelt. Spodni &4sti stén, které jsou vyrovndny pribetonav-
kou, budou obloZeny keramickym obkladem.

Nerezova zakrytova lista v dobe psani tohoto ¢lanku jesté nebyla
nainstalovana. Tento prvek méd v budoucnu slouZit predevsim k tomu,

aby se do vzniklé mezery mezi hornim panelem a stropem nedostdvala

Obr. 5 Pohled na hotovou podzemni sténu (Satra spol. s r.o.)
Fig. 5 View of the completed diaphragm wall (Satra spol. s r. 0.)

which is part of SMP CZ, a. s. Welded mesh is used as the panel conc-
rete reinforcement (2.8mm diameter wire, 40x40mm mesh size, min.
R0.2=650MPa). The mesh is galvanised, with the zinc coat 80um
thick. There are four circular anchoring holes 20mm in diameter in
each panel. Each hole has a 60mm-diameter recess on the inner face
side for the embedding of the anchor nut. There are three rectangular
recesses at the upper surface, also designed for the installation of
anchors at the upper edge of the panel, under the ceiling. Each panel
has therefore 7 anchoring points. Six of the holes are for permanent
anchors and one is for a mechanical anchor, which is necessary for
panel arresting purposes during the installation. In addition, there is
a lifting socket in the panel centre, on the centre of gravity, to be used
for gripping and vertical handling of the panel.

The problem of the handling and the method of installation was long
discussed. Originally the installation using a forklift equipped with an
electronic vacuum holder was planned. Nevertheless, a simpler soluti-
on to the mechanical handling was adopted with respect to safety. Two
pieces of a special bespoke assembly booms CAD25V including two
assembly platforms MPO1 1500x1200mm were manufactured and cer-
tified. The assembly booms with the platforms were mounted on fork-
lifts. They made the safe transfer of the panel from the transportation
cage up to the installation point possible. In addition, there was a space
available there for two-man crews, which installed and anchored the
panel. The daily performance of one crew per an eight-hour shift was
16 panels on average.

High-quality stainless steel threaded rods 12mm in diameter, com-
bined with chemical anchoring to the diaphragm wall were again
used. This system guarantees the longevity and reliability of this solu-
tion. Owing to the use of the assembly anchor at the upper edge of the
panel it was possible to avoid downtimes, which would have other-
wise been unavoidable if it had been necessary to wait for the epoxy
glue hardening. With respect to the high demands on the architectural
surface of the panels it was necessary not only to achieve high-quali-
ty surfaces of the inner surface of panels, but also perfect continuity
of vertical joints between individual segments, and horizontal joints
between the panels and the upper edge of the cast-on concrete layer.
The inner surface of the cladding panels will be provided with final
coating identical with that applied to ceilings of the cut-and-cover
tunnels. The bottom parts of the walls which are smoothed by the
cast-on concrete layer will be provided with vitreous enamel coated
cladding.

The stainless steel cover strip had not been installed before the
moment of writing this paper. This element is to serve in the future
first of all to prevent water from entering the gap between the upper
panel and the ceiling when the tunnel walls are being washed. In addi-
tion, it has an aesthetic function of a covering element. The strip will
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Obr. 6 Pohled na konstrukci pribetondvky (Satra spol. s r.o., 2012)
Fig. 6 View of the cast-on structure (Satra spol. s r. o.,2012)

voda pfi myti stén tunelu a déle je jeho funkce jakoZto zakrytového

prvku estetickd. Lista bude montovana po celé délce vnéjsich i vnitinich
podzemnich stén tunelu.

ZAVER

Préce na pribetondvkdch, respektive piipravé povrchi, byly zahdjeny
v poloviné dubna 2012 a byly kompletné dokonceny po Etyfech mesi-
cich v Cervenci (dilatace v severni i jizni tunelové troubé DI-D11 na
stavbeé 0079 a dilatace E4-E6 ze stavby 0080). Celkem se provedlo
1680 metra pribetondvky. MontédZze panelt byly zah4jeny v ¢ervnu 2012
a dokonceny o Ctyrfi mésice pozdéji a probihaly na stavbé 0079 ve stej-
ném rozsahu jako pribetondvky a subdodavatelsky také paralelné na
sousedni stavbeé 0080 v celém tseku veetné viezdovych a vyjezdovych
ramp. Celkem bylo namontovéno na obou usecich 2500 kust paneld
a o dva mésice pozdé&ji osazeno dal§ich émér 800 kust v rdmci vyrov-
néni podzemnich stén na stavbé 0065, konkrétné na ¢dsti 2.B.

ING. LIBOR STEFAN, stefan@smp.cz,
SMP CZ, a.s.

Recenzovali: Ing. Jan Korejcik, Ing. Viadimir Prajzler
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be installed throughout the length of both the external and internal
diaphragm walls of the tunnel.

CONCLUSION

The work on the casting of concrete layers on the surfaces, respecti-
vely the preparation of surfaces commenced in mid April 2012 and
was completely finished after four months in July (expansion blocks
D1-D11 in the northern and southern tunnel tubes on the construction
lot 0079 and blocks E4 — E6 on construction lot 0080). In total, 1680
metres of the cast-on structure were installed. The installation of pane-
Is commenced on June 2012 and was completed four months later. The
work was carried out on construction lot 0079 at the same extent as
that of the cast-on layers, and, as a sub-contract, in parallel on the con-
struction lot 0080 throughout the whole section length, including on-
and off-ramps. The total of 2500 pieces of the panels were installed in
both sections and additional 800 panels were installed two months later
within the framework of the smoothing of diaphragm walls on the con-
struction lot 065, concretely on part 2B.

ING. LIBOR STEFAN, stefan@smp.cz,
SMP CZ, a.s.

[1] Technologicky postup provddéni vyrovndvek mildnskych sten. SMP CZ, a.s., 2012
[2] Realizacni dokumentace stavby SO 9020.01.02.e2. Satra, spol. s r.0., 2012
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RAZENA ODVODNOVACI STOLA VODNIHO DILA SANCE
MINED DRAINAGE GALLERY OF SANCE WATER WORKS

JAROSLAV LACINA, LUBOMIR KOSIK

ABSTRAKT

PFispévek pojedndvd o ndvrhu odvodiiovaci Stoly v blizkosti levobiezniho zavdzdni sypané prehradni hrdze do bocniho svahu. Stola slou-
Zi k zachyceni podzemnich vod, pronikajicich po vrstevnaté horniné ve flySovém vyvoji do prostoru jilového tésniciho jddra hrdze.
Odvedenim vod se omezi degradace podloZi injekcni chodby a eroze jadra. Pri ndvrhu Stoly musel projektant zohlednit poZadavek na co nej-
vetsi propustnost osteni Stoly v jimacim itiseku. To klade vysoké ndroky na odolnost pouZitych materidlu pri vystavbé podzemniho dila.
VSechny jeho Cdsti budou totiz vystaveny primému puisobeni protékajici podzemni vody, pripadné prakticky stoprocentni vlhkosti prostredi
ve Stole. Zajisténi vyrubu je proto v jimacim tiseku tvoreno pouze kotvenim kompozitnimi svorniky a siti z kompozitnich materidlii. Ta je pou-
Zita i jako vyztuZ osténi ze stiikaného betonu ve zbyvajicich cdstech dila. Soucdsti dila je i svisld odvodiiovaci Sachta s pristupovou Stolou
z injek¢ni Stoly, svisld Sachta protind po vysce rizné vrstvy horninového prostredi tak, aby byla zvySena odvodnovaci funkce celého dila, co?
Jje hlavnim cilem celé stavby.

ABSTRACT

The paper refers to the design for the drainage gallery in the vicinity of the keying of the rockfill dam into the left bank. The galle-
ry serves to collect ground water penetrating along layered flysh background rock surfaces into the area of the impervious clay core
of the dam. The evacuation of water will reduce the degradation of the grouting gallery base and erosion of the core. In the gallery
design the designer had to take into account the requirement for the as high as possible permeability of the tunnel lining in the water
collection section. It places high demands on the endurance of materials used during the construction of the underground works. The
reason is that all components of the works will be exposed to the direct action of flowing ground water or the virtually hundred per
cent moisture content in the gallery environment. The excavation support in the collection section therefore consists only of composi-
te rock bolts and composite material mesh. The mesh is also used as shotcrete reinforcement in the remaining parts of the working.
Part of the working is a vertical drainage shaft with an access gallery leading from the grouting gallery. The vertical shaft passes
along its height through various layers of the ground environment in a way guaranteeing that the draining function of the whole works,
which is the main objective of the structure, is improved.

ovob

Vodni dilo (VD) Sance na fece Ostravici bylo vybudovéno v letech
1965 az 1969. Nazev je odvozen od vrchu Sance (576 m n. m.)
na levém brehu pobliz hrize. Dilo se nachdzi v CHKO
Beskydy. Je provozovano v rdmci vicetdcelové vodohospodar-
ské soustavy povodi Odry. Ugelem vodniho dila je zejména
zdsobovani obyvatelstva pitnou vodou a ochrana pfed povod-
némi. Sypand kamenitd hraz se §ikmym tésnicim jilovym jad-
rem je umisténa v profilu pod soutokem Retice s Ostravici.
Hraz je vysokd 62 m s délkou v korun€ 342 m. Hrdz ma celko-
vy objem 1 340 000 m3. Ve své dobé& bylo VD piehradni stav-
bou s nejvyssi sypanou hrazi v CR. Podlozi hrize je utésnéno
jednoradou injekéni clonou do hloubky az 70 m, provddénou
z injek¢ni chodby, situované do prostoru zavdzani hrize do
podloZi a bo¢nich svahu (obr. 1).

Obr. 1 Celkovy pohled na prehradu
Fig. 1 Overall view of the dam reservoir

INTRODUCTION

The Sance water works (WW) on the Ostravice River was
being built in 1965 through 1969. The name was derived from
the Sance hill (576m a.s.l.) on the left bank, in the vicinity of
the dam. The water works is located in the Beskyds Nature
Reserve. It is operated within the framework of the Odra River
basin multipurpose water resources system. The water works
purpose is first of all to supply the population with drinking
water and protect them against floods. The rockfill dam with
an inclined impervious clay core is located in the profile
downstream the confluence of the Reice Brook and the
Ostravice River. The dam is 62m high and its crown is 342m
long. The total volume of the dam body amounts to
1,340,000m3. At its time it was the construction with the hig-
hest rockfill or earthfill dam in the CR. The dam sub-grade is
sealed by a single-row grout curtain reaching the depth of up
to 70m, which was installed from a grouting gallery situated
into the area of the keying of the dam into the sub-grade and
the side slopes (see Fig. 1).

Water inflows into the area of the keying into the left bank
owing to the surface morphology and geological architecture
of the bedrock on the left bank in the WW Sance dam area.
The dip of the flysh background sub-base may probably deter-
mine the direction of the seeping water toward the valley and
against the direction of the Ostravice River flow, to the ditch
excavated for the grouting gallery foundation. Seepage water
flows along this ditch to the valley and can endanger the con-
nection of the sealing core to the dam sub-base. The grouting
gallery connection is covered over with loams forming the sea-
ling core, reaching up to the bedrock. The grouting gallery
sub-grade can become degraded by water flowing at the
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Vlivem morfologie povrchu a geologické skladby skalniho contact of the sealing and the sub-grade, the core can be ero-
podloZi na levém biehu v prostoru hrize VD Sance dochézi ded and, as a result, the core can be damaged.
k pfitoku vody do prostoru levého zavézani. Sklon vrstev fly- The purpose of the new drainage gallery construction is to
Sového podlozi muze pravdépodobné usmérnovat prusak vody reduce water inflows into the space on the downstream side of
smérem do ddoli a proti sméru toku Ostravice, tedy do vyla- the left-bank branch of the Sance WW gouting gallery.
mané ryhy pro zaloZenf injek¢ni chodby. Touto ryhou proudi Collecting and evacuating water will reduce the risk of dama-
prosdkld voda do tdoli a muZe tak ohrozit napojeni tésniciho ge to the connection of the sealing core to the grouting galle-
jaddra na podlozi hrdze. Napojeni je provedeno tak, Ze je ry. This risk follows from the current seepage in the left-bank
injek&ni chodba obsypédna hlinami tésniciho jddra aZ na skaln{ keying of the rockfill dam on the downstream side of the grou-
podlozi. Proudénim vody na styku t&€snéni a podlozi mize = ting gallery. The objective of this measure is to improve the

dochdzet k degradaci podloZi injek¢éni chodby, k erozi jddra dam safety.
a tim i k jeho poskozeni.

Ucelem stavby nové odvodiiovaci §toly je omezeni piitoku GEOLOGICAL AND HYDROGEOLOGICAL CONDITIONS

vody do prostoru na vzdusni strané levobrezni vétve injekéni The area of operations is formed by tabularly jointed sand-
chodby VD Sance. Jimanim a odvedenim vody se sniZi riziko stone and mudstone beds (with shale interbeds) of the middle
poskozeni napojeni tésniciho jadra na injekéni chodbu. Toto part of the Godula Formation (the Upper Cretaceous). The
riziko vyplyvd ze soucasnych prusaku v levobfeZnim tZlabi na Quaternary cover consists of loamy-stony debris with variable
vzdusni strané€ injekéni chodby. Cilem opatfeni je zvySeni bez- thickness ranging from 2m to about 20m. The pre-Quaternary
pecnosti hraze. rocks the grouting gallery is founded in are formed by tabular-

ly jointed sandstone and mudstone beds with coarse flysh
GEOLOGICKE A HYDROGEOLOGICKE POMERY background.

Measurement results (Bradac¢, Benes, 2007) proved the exi-
stence of an old slide area around the left-bank keying of the
dam, approximately in the location of drainage gallery. The
depth of the rock mass disturbance ranges up to 30m. The slide
has the character of stony debris in the upper part, whilst dis-
placements - block movements — are encountered at greater
depth.

The area of the left-hand valley slope in its downstream part

Zajmové uzemi je budovédno souvrstvim lavicovitych pis-
kovct a jilovet (bfidli¢natych vlozek), které ndleZeji stiedni-
mu oddilu godulskych vrstev (svrchni kfida). Kvartérni
pokryv tvori hlinitokamenité suté s proménnou mocnosti od 2
do cca 20 m. Horniny predkvartérniho podkladu, do nichz je
injek¢ni Stola zaloZena, jsou budovany souvrstvim lavicovi-
tych piskoveu a jiloveu v hrubé flySovém vyvoji.

Vysledky méfeni (Brada¢, Bene§, 2007) prokdzaly na levém . o L . . o

. Cipriy e . N oy L is supplied first of all with infiltrating atmospheric precipitati-
brehu priblizne v misté situovani odvodnovaci Stoly ddoli exi-

. P 0 . ‘. . P on and, to a smaller extent, even with water seeping through
stenci starého sesuvného tzemi. Hloubka naruSeni horninové- . . . .
. L p PRV the grout curtain. Groundwater is drained roughly in parallel
ho masivu se pohybuje azZ do 30 m. Sesuv méa ve svrchni ¢asti . . . .
with the grout curtain. The direction of groundwater flow

charakter kamenitych suti, hloubéji se jednd spiSe o posuny — . . -
. y 1 ] P P Y through the relatively undisturbed rock mass can also be affec-
blokové pohyby. o
g . , . e . ted by the presence of the numerous shale layers exhibiting
Oblast levého ddolniho svahu v jeho vzdus$ni ¢asti je doto- .
. D L L. . . . lower permeability than fractured sandstone beds and tables.
vana zejména infiltrovanymi atmosférickymi srdazkami .
. MR B In dry seasons the water table is stuck very deep (at depths
a v mensi mife téZ prusaky pres injek¢ni clonu. Podzemni voda P, . S
. B . . o oo o about 35m). In the periods of intense atmospheric precipitati-
je drénovdna smérem do udoli, tedy zhruba soubézné . o . .
on the water table in monitoring boreholes rapidly rises by up

s 1nJek(v:n1 f:lonou. Smer’prouder}l podzemni Y?dy V, relatlvrvuf to about 5m, subsequently quickly dropping (in the order of
neporuSeném horninovém masivu vody muZe byt rovnéz hours)

ovliviiovédn prubéhem hojnych bridli¢nych poloh vykazujicich

niz8i propustnost, nezZ rozpukané piskovcové lavice a desky. STRUCTURAL DESIGN FOR THE OBJECT
V suchych obdobich je hladina podzemni vody hluboko

zaklesnuta (v hloubkach kolem cca 35 m). V obdobi intenziv-
nich atmosférickych srdZzek dochdzi k rychlému ndstupu hladi-
ny podzemni vody v pozorovacich vrtech azZ o cca 5 m s jejim
nédslednym rychlym poklesem (v fadu hodin).

The horizontal and vertical gallery alignment is fully subor-
dinated to the gallery purpose, i.e. collecting as much ground-
water penetrating into the space around the grouting gallery
and sealing core of the dam as possible. The gallery is divided
in terms of the horizontal and vertical alignment into four sec-
STAVEBNE-TECHNICKE RESENI OBJEKTU tions (see Fig. 2).

Smérové a vySkové feSeni Stoly je plné podfizeno jejimu 1 Drainage Gallery
ucelu — zachyceni co nejvétsiho mnozstvi podzemnich vod
pronikajicich do prostoru kolem injekéni $toly a tésniciho
jadra prehrady. Stola je z hlediska smérového a vyskového
vedeni rozdélena na Ctyri dseky (obr. 2).

A nearly 146.05 long, nearly horizontal gallery. The defini-
te gallery portal together with the cut-and-cover part are loca-
ted in a construction pit, with the temporary portal at the cha-
inage km 0.013000. From the temporary portal, a shorter sec-
tion (about 23m long) is proposed, running approximately

1 Odvodriovaci stola perpendicularly to contour lines (in the direction of the dam

Témér vodorovnd Stola délky 146,05 m. Definitivni portdl axis or the direction of the bench), in a short cut across slope
Stoly spolu s hloubenou &dsti jsou situovdny ve stavebni jamé debris. A left-hand curve (30m radius, about 18m long) fol-
s provizornim portdlem ve stanic¢eni km 0,013 000. Od provi- lows. Straight alignment is proposed behind the curve, hea-
zorniho portélu Stoly je navrzen krat$i dsek (délky cca 23 m) ding toward the ventilation shaft (about 98m long section)
vedeny priblizn€ kolmo na vrstevnice (ve sméru osy hrize, (see Fig. 3).




22. roénik - €. 3/2013

stavajici prizkumna a injekéni Stola
existing exploration and grouting gallery
predpokladany rozsah poklesové kotliny
anticipated extent of settlement trough
predportalové zdi

pre-portal walls

odvodriovaci Stola - hloubend ¢ést
dreinage gallery — cut-and-cover part
odvodriovaci Stola — razen4 ¢ast
drainage gallery — mined part
odvodriovaci $achta

drainage shaft

pristupova Stola a komora nad $achtou
access gallery and chamber above shaft
téZni jama
working pit

Y
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VODNI NADRZ SANCE
SANCE WATER RESERVOIR

tézni jama
working pit

drainage gallery

odvodriovaci $tola dl. 146,05 m

1 konec Useku — section end

stavebni jama
construction pit

odvodriovaci vrty /.
drainage boreholes »

Obr. 2 Situace podzemniho dila
Fig. 2 Underground working layout

resp. sméru lavicky) krdtkou trasou pres svahové suté, nava-
zuje levostranny oblouk (o poloméru 30 m, délky cca 18 m),
za obloukem je navrZena piimd trasa smérem k odvodnovaci
Sachté (délka dseku cca 98 m) (obr. 3).

Svétly pri¢ny profil odvodnovaci $toly byl navrzen ve tvaru
podkovy s itkou v drovni podlahy 2,218 m, maximdlni{ $itky
2,60 m a vysky 2,70 m. Tento profil umoZnuje bezproblémové
dodate¢né provedeni odvodnovacich vrti priméru do 120 mm,
délky do 20 m (pozadavek na min. pfi¢ny profil ¢inil 2x2 m).
Osténi Stoly bylo navrzeno ze stfikaného betonu s vyztuzi
z nekovovych materidlu (obr. 4).

Pro horninové prostredi, vymezend IG (inZenyrsko-geolo-
gickym) pruzkumem, byly navrZeny ruzné typy osténi, které
jsou aplikovdny podle skute¢né zastizenych IG poméru. Nédvrh
parametra osténi zohledriuje pozadavek na odvodiiovaci funk-
ci Stoly (osténi neni souvislé, preruseni osténi zohledniuje kon-
centrovanéj§i prusaky). V dseku hlinitokamenitych suti se
s odvodnovaci funkci S§toly neuvazuje, jednd se o souvislé
osténi s betonovym dnem bez odvodnovacich vrta.

2 Oodvodnovaci $achta

Ve staniceni km 0,147 046 navazuje na Stolu svisld odvod-
novaci Sachta délky 27,06 m. Pfi¢ny profil odvodnovaci Sach-
ty byl navrZen ve tvaru kruhu se svétlym prumérem 2,20 m
a s tlouStkou osténi 150 mm. Tento profil umoznuje bezpro-

blémové dodateéné provedeni odvodiiovacich vrtd pruméru do
120 mm, délky do 20 m.

A horseshoe shaped profile was designed for the drainage
gallery, with the width at the bottom level of 2.218m, the
maximum width of 2.60m and height of 2.70m. This profile
allows problem-free additional execution of 120mm diameter
and up to 20m long drainage boreholes (cross-section dimen-
sions of 2x2m were required). The shotcrete gallery lining
was designed to be reinforced with non-metallic materials
(see Fig. 4).

Various lining types were proposed for the rock environ-
ments determined by the EG (engineering geological) survey,
to be applied depending on actually encountered EG conditi-
ons. The lining parameters design allows for the requirement
for the drainage function of the gallery (the lining is not con-
tinuous; the lining interruptions respect concentrated leaks).
The drainage function of the gallery is not considered with in
the section passing through loamy-stony debris, where the
lining is continuous, with the concrete bottom without draina-
ge boreholes.

2 Drainage Shaft

The 27.06m long vertical drainage shaft connects to the gal-
lery at chainage km 0.147046. A circular cross-section 2.20m
in diameter was designed for the drainage shaft provided with
a 150mm thick lining. Additional 120mm-diameter and up to
20m long drainage boreholes can be without problems drilled

from this profile.
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komora nad $achtou dl. 6 m
chamber above shaft 6m long

zdvihaci zafizeni / hosting facility

pfistupova Stola dI. 20,55 m

-

LEGENDA GEOLOGIE / GEOLOGY LEGEND

svahové sedimenty (hlinitokamenité suté)

slope sediments (loamy-stony debris)

piskovce s vlozkami jilovcl, zcela aZ silné zvétralé / sandstone
with mudstone interbeds, completely to heavily weathered
piskovce s vlozkami jilovch, mimné zvétralé

sandstone with mudstone interbeds, moderately weathered
piskovce s vlozkami jilovcl, navétralé

sandstone with mudstone interbeds, slightly weathered
piskovce s vlozkami jilovct, zdravé

sandstone with mudstone interbeds, sound
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odvodnovaci Stola — hloubend ¢ast
drainage gallery — cut-and-cover part
odvodriovaci $tola — razena Cast
drainage gallery — mined part
odvodriovaci $achta

drainage shaft

pfistupova Stola a komora nad Sachtou
access gallery and chamber above shaft
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Obr. 3 Podélny profil stoly
Fig. 3 Longitudinal section through the gallery

Osténi Stoly je ze stiikaného betonu s vyztuZi z nekovovych
materidld. S ohledem na odvodiiovaci funkci Sachty se pred-
pokladad, ze v usecich, kde to zastiZzené IG poméry umozni,
nebude osténi souvislé a bude pouZito pouze mistni kotveni

The gallery lining is in shotcrete with non-metallic reinfor-
cement. With respect to the drainage function of the shaft it is
assumed that the lining will not be continuous in sections
where the EG conditions encountered will allow it, and only

USEK V SUTICH KM 0,013-0,043
SECTION IN DEBRIS KM 0.013-0.043

300

3750

pochozi rodt / walkway grid

stfikany beton + sit
shotcrete + mesh

HORNINA ZDRAVA AZ NAVETRALA KM 0,093-0,152
SOUND TO SLIGHTLY WEATHERED ROCK KM 0.093-0.152

3200 i

sit z kompozitnich profild
mesh from composite
materials

ochranna sit
protective net

3450

AR emﬂ* |

pochozi rost / walkway grid

odvodniovaci Zlab / drainage trough
beton + kari sit / concrete + KARI mesh
stfikany beton + sit / shotcrete + mesh
stavebni drendz / construction drainage

odvodnovaci Zlab / drainage trough
beton + kari sif / concrete + KARI mesh
stavebni drendz / construction drainage

Obr. 4 Vzorové pricné fezy — raZend Cdst Stoly
Fig. 4 Typical cross-sections — mined part of the gallery
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stén vyrubu. Projekt predpokldadal osténi
v minimalnim rozsahu pdsu vysky 1 m ko-
lem kotveni ploSin lezniho oddéleni. Nad
ploSinou ve vysce 200-800 mm je osténi
ukonéeno, pripadné v nepfiznivé geologii
preruseno na vysku min. 200 mm. Na horn{
hrané preruseného osténi je pred nastfikem
betonu osazena drendzni trubka DN 100,
ktera bude po provedeni osténi ze strikané-
ho betonu odfiznuta v horni poloviné. Takto
vznikly odvodnovaci prstenec projektované
§itky 100 mm zachycuje vody stékajici po

TuHel

* odvodnovaci vrt DN52 dl. 20,0 m ) %
\drainage borehole DN52 20.0m long -

/

sever

/o\ north g

odvodovaci vrt DN52 ~ . g /
d.200m e —

drainage borehole DN52 1

sténé Sachty véetné vody z odvodnovacich 20.0m long '-,

vrtu. Kazdy prstenec je odvodnén flexibiln{ I'.

trubkou DN 100 do odbocky odvodnovaci- I'. odvodriovaci
ho potrubi DN 300. Uprava osténi je navr- -_ . potrubi DN300

Zena tak, aby umoZznovala jimani vody sté-
kajici po lici osténi i vody za rubem osténi.
Mimo osténi bude v misté puklin s vypa-
ddvdnim dlomka horniny pouZita ochranna
sit z PP, resp. z PE provazcu s oky
30x30 mm pro zachyceni dlomka horniny.
Projekt predpoklada pouziti v 50 % plochy

drainage pipeline
r- DN300

" lezni oddéleni

~ z kompozitnich
materialli
manway compart-
ment from composite
materials

bez osténi.

Sachta je vystrojena ploSinami z kompo-
zitnich materidla. Svisld vzdalenost ploSin
je z technologickych a provoznich davodu
2,5-3.5 m. Roztece jednotlivych etdzi l1ze upravovat za spolu-
prace technického dozoru investora (TDI), hydrogeologa
a projektanta béhem razby v zdvislosti na vyskytu vodonos-
nych vrstev a puklinovém systému horniny (obr. 5).

Pro vyztuZ osténi i pro konstrukci plo§in a Zebfiku lezniho
oddéleni je navrzena kompozitni vyztuz ze skelnych vldken
s vinylesterovou pryskyfici. Projektem predpoklddané zdklad-
ni fyzikdlni vlastnosti materidlu:
>1000 MPa
5 GPa

Pevnost v tahu:
Modul pruznosti:

3 Pristupova §tola

Stola délky 20,55 m spojuje stdvajici priizkumnou 3tolu
(pokracovani injekéni $toly prehradni hrdze) s kavernou nad
odvodnovaci Sachtou. Pfi¢ny profil pfistupové Stoly je navrZen
stejny jako odvodniovaci $toly. Odbocka z pruzkumné $toly
byla provedena vybourdnim prostupu ve sténé.

4 Komora pro razbu Sachty

V koncové &asti pristupové §toly, tj. v misté odvodnovaci
Sachty je pro potfeby razeni Sachty a dopravy vytéZeného
materidlu vybudovdna mald komora, kterou tvori svétly pri¢ny
profil ve tvaru podkovy s $itkou v trovni podlahy 4,20 m,
maximalni $itky 4,40 m a vysky 3,50 m na délce 6 m. Velikost
razeného profilu je 5,00x4,90 m, tloustka osténi 300 mm,
tloustka dna/podlahy 300+800 = 1100 mm.

Pro svislou dopravu v Sachté (definitivni béhem provozu)
bude komora u stropu vybavena nosnym profilem pro osazeni
zdvihaciho zafizeni o nosnosti min. 2000 kg.

Usek §toly s kavernou a pfistupovou 3tolou je situovdn
v blizkosti pilife ¢. 3 estakddy na silnici I/56 Frydek-Mistek —
Bil4. Pro indikaci pfipadnych pohybu jsou po dobu vystavby
monitorovany nejbliz§i pilife 1-5 nivelaénim méfenim
a naklonoméry (obr. 6).

Obr. 5 Vzorovy pri¢ny rez odvodriovaci Sachtou
Fig. 5 Typical cross-section through drainage shaft

local anchoring of the shaft walls will be applied. The design
assumed the lining with the minimum extent of the blocks of 1m
around anchors fixing the ladder compartment. The lining is ter-
minated above the platform at the level of 200-800mm or, in
unfavourable geology, is interrupted along the minimum height
of 200mm. A drainage pipe DN 100 is installed on the upper
edge of the interrupted lining before shotcrete is cast. It will be
cut away in the upper half after shotcrete is applied. The drai-
nage ring provided in this way with the design width of 100mm
collects water flowing down the shaft wall, including water
from drainage boreholes. Each ring is drained by a flexible tube
DN 100 to a DN 300 drainage pipe branch. This lining detail
allows collecting water flowing down the inner surface of the
lining as well as water behind the outer surface of the lining.
Protective mesh from PP or PE ropes with the mesh size of
30x30mm will be used instead of the lining in the locations of
cracks to catch rock fragments falling from them. The design
assumes that 50 per cent of the surface will be non-lined.

The shaft is equipped with platforms from composite mate-
rials. For technological and operational reasons the vertical
spacing of the platforms is 2.5-3.5m. The spacing between
individual platforms can be modified during the excavation in
collaboration with the Engineer, hydrogeologist and designer,
depending on the occurrence of water-bearing layers and the
fissure system in the rock mass (see Fig. 5).

Composite reinforcement from glass fibres with vinyl-ester
resin is designed for the lining concrete reinforcement and for the
structures of platforms and ladders in the manway compartment.
Basic physical properties of the material assumed by the design:
>1000MPa
5GPa

Tensile strength:
Modulus of elasticity

3 Access Gallery

The 22.55m long gallery interconnects the existing explora-
tion gallery (the continuation of the grouting gallery in the
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silnice 1/56
road 1/56

dam) and the cavern above the drainage shaft.
The access gallery cross-section is designed
identically with that for the drainage gallery.
The exploratory gallery branching was carried
out by breaking out an opening in the side wall.

4 Chamber for Shaft Excavation

A small, 6m long chamber is provided in the

odvodiiovaci Stola / drainage gallery |

N | end part of the access gallery, i.e. in the drai-
N : nage shaft location, to be used for the shaft
I excavation needs and transport of muck. It is
I terén — terrain formed by a horseshoe shaped cross-section
viaduct pillar \o/fgs[//» I a 420m wide at the bottom level (maximum
SIS % width of 4.40m) and 3.50m high. The excava-
‘|‘_09 ted cross-section dimensions are 5.00x4.90m,
g %I h the lining is 300mm thick and the bottom/floor
e f?)’ | ET>>‘ o is 300+800 = 1100mm thick.

= 3 == E - A load-carrying beam for the installation of

™ alog L . . . .

i . =2, 8& a 2000kg minimum loading capacity hoist will
piskovee s viozkami jiloved, -~ 2 l 3] g s be provided under the ceiling for vertical tran-
mimé zvétralé — sandstone ~__ 2lg® piskovce s viozkami jiloved, Pro erme .

with mudstone interbeds, 5 \g | zcela a7 silné zvétraié sport in the shaft (definite, during the operati-
moderately weathered -g 5 5. sandstone with mudstone on).
~ £ interbeds, completely to The gallery section with the cavern and the
~ © - |~ ~_heavily weathered : . o .
e NI - Rl ~ access gallery is located in the vicinity of pillar
~ __ % g N | ™~ - No.3 of the viaduct on the 1/56 road between
~ S R g ~ Frydek Mistek and Bild. The closest pillars
. . [ > - o No. 1-5 are monitored during the construction
pl'skov.({e syloidkam,i S \,g it ~ by levelling and tiltmeters for the purpose of
Jioveu, zdrave o 1.1 iskovce s viozkami jiloved, indicati i
sandstone with mudstone - SN ﬁavétralé—sandstonje with th.e indication of contingent movements (see
interbeds, sound s | JLJ  mudstone interbeds, slightly Fig. 6).
< | |~  weathered
s 4| “~ STRUCTURAL ANALYSIS
£ o]
,ﬁ | gy =N - The primary lining of the drainage gallery,
8 | - the access gallery and the mined cavern for the
E 1L shaft excavation was subjected to the Final
'§ Ib Element Method analysis. In addition, the cut-
8 | o and-cover part of the gallery was assessed.
[

PLAXIS 2D 2011 was used for the modelling
of the interaction between the excavated ope-
ning, primary lining and rock environment.
Several cross-sections allowing for various cri-
tical factors during the construction, first of all

Obr. 6 Prehledny rez Sachtou se startovaci komorou a prilehlou estakddou

Fig. 6 Synoptic section through the shaft with the starting chamber and adjacent viaduct

STATICKY VYPOCET

Primdrni osténi odvodniovaci §toly, pfistupové §toly a razené
komory pro razbu Sachty bylo podrobeno analyze metodou
kone&nych prvku. Ddle byla posouzena hloubend &dst Stoly
budovand v oteviené stavebni jame (metoda Cut&Cover).

Pro modelovéani interakce vyrubu, primdrniho osténi
a horninového prostredi byl pouzit program PLAXIS 2D 2011.
Modelovdno bylo nékolik pfi¢nych fezu, které zohlednovaly
ruzné kritické faktory béhem vystavby, zejména raZbu
s nizkym nadlozim a razbu v blizkosti mostni estakddy.
Vypocty bylo prokazano, Ze navrZzené primarni osténi odvod-
novaci §toly, odvodnovaci Sachty pristupové §toly a komory je
z hlediska dnosnosti i z hlediska uklidnéni deformaci hornino-
vého masivu dostate¢né tinosné.

Dal3im cilem statickych vypo&tu byl prukaz dnosnosti hor-
ninového masivu, aby bylo mozZno ¢ast Sachty a Stoly, ktera

the excavation under the shallow overburden in
the vicinity of the viaduct, were modelled. The
calculations proved that the primary lining
designed for the drainage gallery, drainage shaft, access galle-
ry and cavern was sufficient in terms of both the carrying
capacity and the steadying of rock mass deformations.
Another objective of the structural analyses was to prove the
carrying capacity of the rock mass so that the part of the shaft
and the gallery which will be driven through competent rock
could be carried out without the excavation stabilising lining.
The stability of the construction pit was assessed by geo-
technical software GEO 5, modules Sheeting — assessment and
Soil nails, following principles of CSN EN 1997 — 1 Eurocode
7: Geotechnical design — Part 1: General rules, Design appro-
ach 2. The calculation was carried out first of all taking into
consideration deformations of the steep slope behind the front
end of the temporary portal. The accessibility of the working
platform for drilling equipment was the limiting input parame-
ter for the bracing structure design. For that reason the maxi-
mum profile of the king posts had to be HEB 200 and the
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Schéma pazeni vlevo neni ve shodném méfitku jako pribéhy vnitfnich sil.
The scale of the bracing left is not identical with that of the internal
forces curves.
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Obr. 7 Vypoctové schéma paZeni provizorniho portdlu a obdlka vnitinich sil — paZeni provizorniho portdlu
Fig. 7 Structural calculation chart for the temporary portal bracing and the envelope of inner forces

bude razena ve zdravé hornin€, provést bez osténi zajistujici-
ho stabilitu vyrubu.

Stabilita stavebni jdmy byla posouzena geotechnickym soft-
warem GEO 5, modul Pazeni — posudek a Hfebiky podle zdsad
CSN EN 1997 — 1 Eurokéd 7: Navrhovani geotechnickych
konstrukci — Cést 1: Obecnd pravidla, navrhovy pfistup 2.
Vypocet byl proveden predevsim s ohledem na deformace
prudkého svahu za celem provizorniho portdlu. Limitujicim
vstupnim parametrem pro ndvrh paZici konstrukce byla
dostupnost pracovni ploSiny pro vrtné mechanismy. Z tohoto
duvodu musely byt zdpory maximélniho profilu HEB 200
a délky max. 12 m. Délky kotev zase vychdzely z celkové sta-
bility svahu nad portdlem. Rozmisténi kotev je voleno tak, aby
prubéh vnitinich sil zdpor i kotevnich sil v jednotlivych eta-
7ich byl pokud moZno rovnomérny s maximdlnim vyuZitim
materialu zdpor (obr. 7).

Obr. 8 Celba odvodiiovaci Stoly pii razbé v sutich
Fig. 8 Drainage gallery excavation face during the course of driving through debris

maximum length was 12m. The lengths of anchors were based
on the overall stability of the slope in front of the portal. The
distribution of anchors is designed in a way guaranteeing that
the curves for internal forces in the king posts and anchoring
forces at individual stages were preferably uniform, with the
maximum use of the material of king posts (see Figure 7).

REALISATION

The working is being carried out in the period of 11/2012 —
11/2013. At the moment of preparing this paper the underg-
round excavation was proceeding from both sides — from the
temporary portal and from the access gallery, from the level of
the dam grouting gallery.

Obr. 9 Pohled do komory s ohlubni Sachty
Fig. 9 View down the chamber with the shaft pit completed
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REALIZACE The construction pit provides space at the temporary portal

Dilo je budovdno v terminu 11/2012-11/2013. V dobé for the excavation of the drainage gallery. It is located in the

zpracovéni ¢ldnku probihd razba podzemniho dila z obou stran steep, 45-50° slope of Maly Smrk mountain (1176m

— z provizorniho portélu a z pfistupové §toly z drovné injekg- a.s.l.). The pit is divided into two stages. The about 4m high
ni §toly prehradni hrdze. Stavebni jama zajistuje prostor provi- upper stage provides the access road to the temporary portal.
zorniho portdlu pro razbu odvodniovaci §toly. Je situovdna ve The slope is stabilised by shotcrete and 3-4m long nails. The
strmém svahu boli hory Maly Smrk (1176 m n. m.) sklonu bottom part is braced by a king post wall. The maximum depth
cca 45-50°. Jama je rozdélena do dvou etdzi. Horni, vysky cca of the excavation is 9m. The wall is anchored by four tiers of
4 m, zajiStuje piijezdovou komunikaci k provizornimu portalu. | pre-tensioned stranded anchors up to 25m long. The length of
Svah je zajiStén stifkanym betonem a hiebiky délky 3—-4 m. the anchors is necessary for securing overall stability of the
Spodni Cast je feSena jako kotvend zdporova sténa. Maximalni steep slope under the viaduct, which was in addition described
hloubka vykopu je 9 m, sténa je kotvena ve étyfech drovnich as an old slide area. It was already during the installation of
predpjatymi pramencovymi kotvami délky az 25 m. Délka anchors that it was discovered that the loamy and stony debris
kotev je nutnd z davodu zajisténi celkové stability prudkého are very porous and incohesive.
svahu pod estakddou, ktery byl navic pruizkumem popsan jako This fact was fully confirmed at the beginning of the underg-
staré sesuvné uzemi. Jiz pri realizaci kotev bylo zjisténo, Ze round excavation. In the initial 20m long section, the excava-
hlinitokamenité suté v oblasti portdlu jsou velmi porézni tion proceeded under the protection of canopy tube pre-sup-
a nesoudrZné. port. Despite this fact the rock environment was so instable
Tato skuteCnost se pIné potvrdila pfi zahdjeni raZby. | that it was necessary to start to excavate under the protection
V prvnich dvaceti metrech razba probihala pod ochranou mik- of a primary lining formed by rigid colliery frames and hori-
ropilotového destniku. I presto bylo horninové prostredi nato- zontal UNION lagging (see Fig. 8). Despite these measures
lik nestabilni, Ze bylo nutno z diivodu bezpe¢nosti prdce pii- soil fell from the excavation face during heavier rainfalls.
stoupit k razbé pod ochranou primdrniho osténi z tuhé dilni Because of the fact that, in contrast with the design assumpti-
vyztuze a prikladanych UNION paZnic (obr. 8). I pies tato ons, the bedrock was not encountered at the end of the canopy

opatfeni dochédzelo zejména v obdobi vydatnéjSich srdazek
k vypadédvani zeminy v &elbé. JelikoZ na konci mikropilotové-
ho destniku nebylo oproti predpokladim projektu zastizeno
skalni podloZi, bylo nutno zajistit zbyvajici ¢ast dseku razby

Y

v sutich dodate¢né. Jako nejvhodnéjsi feSeni bylo navrzeno
jehlovdni samozdvrtnymi ty¢emi s chemickou injektdz{
s okamZitym ndstupem pevnosti.

Razba horni ¢4sti dila — pfistupové Stoly a kaverny pro razbu
Sachty zastihla asi 3 m mocnou vrstvu bridli¢natych jilovcu
v jinak drobném vyvoji flySe s Castym stiidanim vrstev pis-
kovcu a jiloveu. V Celbé kaverny byly konstatovdny pomérné
vyznamné pritoky (az 0,75 1/s). Proto bylo rozhodnuto
o ponechédni oteviené Celby s dovrtdnim odvodnovacich vrta
pro vetsi odvodnovaci dcinek (obr. 9).

tubes, it was necessary to additionally stabilise the remaining
part of the excavation section passing through the debris.
Forepoling with self-drilling rods anchored with chemical
grout with immediate onset of strength.

The excavation of the upper part of the working — the access
gallery and the cavern for the shaft excavation - encountered
an about 3m thick layer of foliated sandstone in the otherwise
fine flysh background with frequent alternation of sandstone
and mudstone layers. Relatively significant inflows (up to
0.75L/s) were registered at the cavern excavation face. For
that reason the decision was made to leave the face open and
carry out additional drainage boreholes to increase the draina-
ge effect (see Fig. 9).

The paper has summarised the knowledge gathered during
the course of the work on the design for the mined drainage
gallery. At the moment of preparing this paper the underg-
round excavation of the drainage shaft and the drainage galle-
ry was underway. Detailed monitoring (surface deformations,
convergence and other measurements) has been carried out

V piispévku byly shrnuty poznatky ziskané v prubéhu pro-
jek&nich praci razené odvodnovaci §toly. V dobé vzniku ¢lan-
ku probihd razba odvodnovaci Sachty a odvodnovaci §toly. Po
celou dobu stavby probihd podrobny monitoring — meéreni
deformaci na povrchu, konvergen¢ni a dalsi méfeni. Podrobné
je i sledovdna mostni estakdda v tésné blizkosti raZzenych dél.

O dal§im prab&hu stavebnich praci na odvodiiovaci §tole throughout the construction period. The viaduct located in
bychom radi informovali samostatnym piispévkem v nékterém | close vicinity of the mined workings is also monitored in
z pristich &isel. detail. We would like to inform readers about the further deve-

lopment of construction work on the drainage gallery in

ING. JAROSLAV LACINA, jlacina@amberg.cz, a separate paper to be published in one of the future TUNEL
ING. LUBOMIR KOSIK, kosik@amberg.cz, | issues.
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PROJEKT A REALIZACE SANACE OSTENI DOMASOVSKEHO
A JIVOVSKEHO TUNELU

DESIGN AND REALISATION OF REHABILITATION OF DOMASOV
AND JIVOVA TUNNELS LINING

LUBOMIR KOSIK, JAROSLAV LACINA

ABSTRAKT

PrFispévek pojedndvd o ndvrhu a provddeéni sanace Zeleznicnich tuneliu DomaSovského a Jivovského na trati Olomouc — Krnov v tiseku,
kde trat prochdzi v ¢lenitém terénu doli Feky Bystrice. Oba tunely byly postaveny v sedmdesdtych letech 19. stoleti v délce 120,7 m,
respektive 153,4 m a u obou se v minulosti zacaly projevovat vyznamné poruchy. Prispévek popisuje pripravy projektové dokumentace a
priibéh stavebnich pract na sanaci Domasovského tunelu, ddle shrnuje poznatky ziskané z projektovdni a sanace Jivovského tunelu.

ABSTRACT

The paper refers to the design and execution of the rehabilitation of the Domasov and Jivovd railway tunnels on the Olomouc —
Krnov line, in the section passing across undulated terrain of the Bystrice River valley. The tunnels were constructed in the 1870s
at the length of 120.7m and 153 .4m, respectively, and significant defects started to appear on both of them in the past. The paper
describes the preparation of design documents and the history of construction works on the rehabilitation of the Domasov tunnel
and summarises knowledge gathered during the work on the design and rehabilitation of the Jivovd tunnel.

SANACE DOMASOVSKEHO TUNELU

Domasovsky tunel je jednokolejny tunel, ktery byl dokoncen
v roce 1872. Je soucasti trati Olomouc — Krnov, kterd byla
budovdna v letech 1870-1872 firmou bratii Kleint za financo-
vani banky Union. Do provozu byla trat’' uvedena 1. 10. 1872.
O provadéni stavby se nedochovaly pisemné zdznamy ani
vykresova dokumentace.

Sanace Domasovského tunelu probéhla ve vyluce od Cerven-
ce do listopadu 2012 odbouranim konce tunelu a odtéZenim
nadlozi. Ddle bylo provedeno zajisténi stén vzniklého odfezu
a provizorniho portdlu kotvenim a stfikanym betonem, vyztu-
Zenym KARI sitémi. Vybourané kamenné osténi vCetné porta-
lové stény bylo nahrazeno novym a odhalend ¢dst nové tunelo-
vé trouby byla zasypdna.

Klenba i opéry DomaSovského tunelu jsou zdéné z mistniho
kamene. Klenba je z drobného lomového kamene, opéry z vétsich
kamennych bloka puvodné zdénych na maltu vdpennou (obr. 1).

Obr. 1 Puvodni stav Domasovského tunelu
Fig. 1 DomasSov tunnel original condition

REHABILITATION OF THE DOMASOV TUNNEL

The DomasSov tunnel is a single-track structure, which was
completed in 1872. It is a part of the Olomouc — Krnov rail line,
which was developed in 1870 — 1872 by the Klein Brothers
firm, with the Union Bank financing it. The rail line was put
into operation on 01/10/1872. Neither written records on the
construction work nor design drawings were preserved.

The rehabilitation of the DomaSov tunnel was carried out
during a closure from July to November 2012 by breaking the
tunnel end and excavating the overburden. Subsequently the
walls of the half-cut and the temporary portal were stabilised
by anchors and shotcrete reinforced with KARI mesh. The
demolished masonry lining including the portal wall were
replaced by a new lining and the exposed part of the new tun-
nel tube was backfilled.

The vault and sidewalls of the DomaSov tunnel are from local
stone. The vault is from small-size rubble stone, whilst the
sidewalls are from lager stone blocks, which were originally
lime mortar walled (see Fig. 1). Drainage ducts running on the
sides were reportedly backfilled in a closer unspecified period,
but certainly before World War 2. A 20m long masonry revet-
ment wall is found on the left-hand side behind the exit portal.

GEOLOGICAL A HYDROGEOLOGICAL CONDITIONS

The engineering geological character of the DomasSov tunnel
construction area is determined by the properties of the pre-
Quaternary sub-base — Kulm rocks weathered and fractured on
the surface — alternation of shales, siltstone and greywacke, with
local occurrence of thicker layers of greywacke and less frequ-
ent layers of conglomerates; further it is determined by the com-
position of Quaternary sediments — in not great thicknesses of
slope and eluvial loams and in a large extent of loamy-stony to
bouldery debris, and also by the position of the location on the
slope on the right-hand side of the Bystfice River.

The tunnel is located in terrain where the rock environment is
formed by shales and, to a smaller extent, siltstone, with signifi-
cant occurrence of greywacke layers and rather thin layers of
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Obr. 2 Detail skalniho masivu — narusSend hornina
Fig. 2 Detail of the rock mass — disturbed rock

Postranni odvodnovaci stoky byly ddajn€ zasypéany v blize neur-
¢eném obdobi, avsak jisté pred 2. svétovou vilkou. Po levé strané
za vyjezdovym portilem se nachdzi zdrubni kamenna zed délky
20 m.

GEOLOGICKE A HYDROGEOLOGICKE POMERY

InZenyrskogeologicky charakter oblasti stavby Domasovské-
ho tunelu je urovén vlastnostmi predkvarterniho podkladu —
svrchu zvétralych a rozpukanych kulmskych hornin — stfiddni
bridlic, prachovcu a drob, s lokdlnim vyskytem mocnéjsich
poloh drob a méné Castych poloh slepencu; ddle pak skladbou
kvarternich uloZenin — v nevelkych mocnostech hlin svahovych
a eluvidlnich a ve zna¢ném rozsahu hlinitokamenitych az bal-
vanitych suti, a také polohou lokality ve svahu na pravé strané
udoli feky Bystfice.

Tunel je umistén v terénu, kde horninové prostiedi tvori brid-
lice, méné prachovce, s vyznamnym vyskytem vrstev a poloh
drob, s nevelkymi polohami slepencu. Tyto horniny svym sta-
fim nélezeji ke spodnimu karbonu (kulmu) (obr. 2).

Vzhledem k proménlivé, misty velmi vysoké propustnosti
suti a ostatnich vrstev kvarterniho pokryvu i svrchnich, znaéné
rozpukanych poloh skalnitho podlozi, dochdzi ke vsakovdni
srazkovych vod do puklin ve skalnim masivu se z6nami nepro-
pustnymi i variabilné propustnymi. Podzemni voda se v téchto
polohdch vyskytuje jen v nevelkém mnozstvi se znacnymi
nepravidelnostmi — podle moZnosti infiltrace srdZkovych vod
a v zavislosti na lokdlnich podminkach rezimu podzemni vody.

NAVRH SANACE DOMASOVSKEHO TUNELU

Poruchy spdrovéni tunelové obezdivky pusobenim podzemni
vody se projevily po nékolika desitkdch let uzivani. Jiz v letech
1904-1912 bylo provedeno vyspraveni sparovani cementovou
maltou. Problémy se silnym zatékdnim a vypaddvanim spéro-
vani jsou od této doby konstatovany pravidelné. Od 50. let jsou
popisovany trhliny v obou portalech, v roce 1953 se projevuji
tvarové deformace klenby. V roce 1966 bylo provedeno vykli-
novéani{ nejvice uvolnénych kamenu v klenbé. Posledni dokla-
dovana oprava sparovani probéhla v roce 1971 (obr. 3).

V roce 2009 piistoupil investor k podrobnému pruzkumu
Domasovského tunelu, jehoz vysledky slouzily pro pripravu
sanace. Pruzkumnymi pracemi bylo zji§téno, Ze u vjezdového
portdlu a v tunelovych pasech TP7, TP10 a TP11 dochdzi
k vyraznym deformacim klenby. Nejvyraznéj$i deformace
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Obr. 3 Poruchy spdrovani v klenbé DomaSovského tunelu
Fig. 3 Defects of jointing in the DomaSov tunnel arch

conglomerates. In terms of their age, these rocks are of the
Lower Carboniferous (Kulm) age (see Fig. 2).

With respect to the variable and locally very high permeabili-
ty of debris and the other layers of the Quaternary cover and the
upper, significantly fractured, layers of the bedrock, precipitati-
on water seeps into fissures in the rock mass comprising imper-
meable and variably permeable zones. Groundwater is encounte-
red in these layers only in not large amount, with significant irre-
gularities — depending on the possibility of precipitation water
infiltration and the local conditions of the groundwater regime.

DOMASOV TUNNEL REHABILITATION DESIGN

Defects of the jointing of the tunnel lining caused by action
of ground water appeared after several tens of years of the ope-
ration. It was as long ago as 1904 — 1912 that joints had to be
repaired with cement mortar. Problems with heavy leakage and
falling of mortar from joints have been regularly registered
since that time. Cracks in both portals have been described
since the 1950s; shape deformations of the vault appeared in
1953. The most loosened stones in the vault were stabilised
with wedges in 1966. The last documented repair of the join-
ting was carried out in 1971 (see Fig. 3).

In 2009, the owner proceeded to a detailed survey of the
Domasov tunnel. Its results were used for the preparation of
rehabilitation. The survey determined that significant deformati-
ons of the vault were taking place at the entrance portal and in
tunnel blocks TP7, TP10 and TP11. The most noticeable defor-
mation associated with significant moistening was visible in
TP10. It was further determined that in many places jointing
mortar had fallen out of joints up to the depth in the order of
several decimetres and the mortar in filled joints was signifi-
cantly degraded.

The rehabilitation of the DomaSov tunnel was designed on
the basis of the extent of damage identified by the survey and
following geologist’s recommendations: to break away the
tunnel end and remove the overburden. In addition, the stabili-
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spojend s vyznamnym zamokrenim byla viditelnd v TP10. Déle
bylo zjisténo, Ze na mnoha mistech je sparovani vypadané na
hloubku fddové nékolik decimetr a malta ve vyplnénych spa- sed.
rach je zna¢né zdegradovand. The design required demolishing of the original masonry
Na zakladé rozsahu poSkozeni zji§téného pruzkumnymi pra- lining including the portal wall, replacing it with a new lining
cemi a podle doporudeni geologa byla navrzena sanace and backfilling of the exposed part of the tunnel tube provided
Domasovského tunelu odbourdnim konce tunelu a odtéZenim with damp proofing (see Fig. 4). Injecting stabilisation cement
nadloZi. Ddle bylo navrZeno zajisténi stén vzniklého odfezu grout into the packing was proposed for locations where defor-
a provizorniho portdlu kotvenim a stfikanym betonem, vyztu- mations were identified outside the part to be demolished (P1,
Zenym KARI sitémi. TP7). The same grouting was proposed in the design for the end
Puvodni kamenné osténi v&etné portdlové stény bylo navrze- of block TP9 and under the end of the canopy pre-support tubes.
no k vybourdni a projekt predepisoval nahrazeni novym osté- In addition it was required that the weathered and decomposed
nim se zasypdnim odhalené &dsti nové tunelové trouby mortar in joints of the tunnel lining and the revetment wall at the
s ochranou proti zemni vlhkosti (obr. 4). V mistech s deformaci exit portal be replaced by new mortar.

sation of the originated half-cut and temporary portal with
anchors and shotcrete reinforced with KARI mesh was propo-

PLATI PRO USEK KM 26,797 50 - 26,805 20
APPLICABLE TO SECTION KM 26.79750 - 26.80520

13 - podkladni beton C16/20 XC1 - blinding concrete C16/20 XC1
zbytky plvodniho osténi a zakladky budou odstranény az na rostly horni-
novy materil (min. hornina R3)
remains of original lining and padding will be removed up to the natural
rock material (min. rock mass quality R3)
14 - niveleta — alignment
15 - zajisténi svahu SB20 XC1 tl. 150 mm + kari sit @6/100x100
slope stabilisation SC20 XC1 150mm thick + KARI mesh @6/100x100
16 - nové osténi ze stfikaného betonu C30/37 CX2, XF3 1. 450-600 mm,
vyztuz — pfihradové nosniky + 2x kari sit @8/100x100
new lining shotcrete C30/37 CX2, XF3 450-600mm thick

1 - plvodni terén — original terrain

2 - ohumusovani 200 mm — top soil spreading

3 - prijezdny profil Z-GCD (poloha zaméFené geodeticky)
traffic clearance Z-GCD (position determined by surveying)

4 - prljezdny profil Z-GB (poloha zaméfena geodeticky)
traffic clearance Z-GB (position determined by surveying)

5 - odvodriovaci zlab TBZ 50/50/13 do betonu C16/20 XC1
drainage trough TBZ 50/50/13 in concrete C16/20 XC1

6 - zajisténi svahu SB20 XC1 tl. 200 mm + 2x kari sit @6/100x100
slope stabilisation SC20 XC1 200mm thick + 2x KARI mesh @6/100x100

7 - novy lic osténi tunelu — new inner surface of tunnel lining

- drenazni trubka DN150 s €isticimi kusy po 10 m

tile pipe DN150 with drain shoes every 10m

- obsyp drendze Liaporem 16-32 mm min. vy$ky 500 mm od podbetonovani

drenéZe — drainage padding with Liapor 16-32mm, min. height 500mm
under drainage concrete bed

- izola¢ni systém z desek HDPE tl. 6 mm
waterproofing system from 6mm thick HDPE plates
- ochrana izolaénich desek — XPS tl. 80 mm
protection of waterproofing plates — 80mm thick XPS
- vrstveny zasyp tunelu vytéZzenym materidlem
tunnel backfill in layers with muck

10 - podbetonovani drenaze C16/20 XC1 (v protispadu oproti sklonu nivelety) e bt o
concrete drainage bed C16/20 XC1 (gradient reverse to the gradient of alingnment) - zajisténi svahu SB20 tl. 200 mm + 2x Kari sit 96/100x100
11 - foliova izolace — mPVC tl. 3 mm + ochranna geotextilie 5009/m2 _ Wzater- slope stabilisation with SC 20 200mm thick + 2x KARI mesh 26/100x100
proofing membrane pPVC 3mm thick + protective geotextile 500g/m 17 - izolagni félie z mPVC tl. 1 mm _
12 - zékladovy pés ze Zelezobetonu C30/37 XC2, XF3 PPVC waterproofing membrane 1mm thick
C30/37 XC2, XF3 - reinforced concrete strip foundation
Obr. 4 Vzorovy priény fez — hloubend ¢dst Domasovského tunelu

Fig. 4 Typical cross-section — cut-and-cover part of the Domasov tunnel
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Obr. 5 Pritbéh ohybovych momentu nesymetricky zatizeného osténi Domasovského tunelu
Fig. 5 Bending moments curve for asymmetrically loaded lining of the Domasov tunnel

klenby mimo bouranou ¢ast (P1, TP7) byla navrzena stabili-
zaéni cementovd injektdZ zaklddky, stejnd injektdZ byla
v projektu navrZena na konci pasu TP9 pod koncem mikropilo-
tového destniku. Déle bylo v projektu navrZeno nahrazeni zvét-
ralého a vypadaného sparovdni tunelu a zarubni zdi u vyjez-
dového portdlu novym sparovanim.

STATICKY VYPOCET

Nové osténi tunelu bylo dimenzovdno na zemni tlak plného
nadloZi, vypocet vnitinich sil byl proveden metodou koneénych
prvku. Diéle byla posouzena hloubend &dst tunelu budovand
v oteviené stavebni jamé (cut&cover). Vypoclet hloubené &asti
byl proveden v programu SCIA Engineer, byl pouZit prutovy
model, zatizeni zohlednovalo nesymetrické zatizeni hloubené
&asti vzhledem k prubéhu kone¢ného terénu (obr. 5).

Pro modelovani interakce vyrubu, osténi tunelu a horni-
nového prostredi byl pouzit program PLAXIS 2D 2011.
Modelovéno bylo nékolik pfi¢nych fezu, které zohlednovaly
razné kritické faktory béhem vystavby, zejména razbu
s nizkym nadlozim. Vypocty bylo prokdzéno, Ze navrZzené pri-
madrni osténi je z hlediska tnosnosti i z hlediska uklidnén{
deformaci horninového masivu dostate¢né tinosné.

Stabilita stavebni jamy byla posouzena geotechnickym soft-
warem GEO 5, modul Pazeni — posudek a Hiebiky podle zdsad
CSN EN 1997 — 1 Eurokéd 7: Navrhovéni geotechnickych kon-
strukei — Cést 1: Obecnd pravidla, ndvrhovy pfistup 2.

REALIZACE SANACNICH PRACI

Prdce probihaly v pomérné kratké vyluce, jednalo o sloZitou
sanaci s mnoha technologickymi kroky a velkou spotrebou stfi-
kaného betonu s obtiZnym pfistupem pro stavebni mechanismy.
Vyznamnou komplikaci z hlediska postupu realizacnich praci
bylo to, Ze béhem odtéZovani stavebni jamy bylo ovefeno
vyrazné rozruSeni skalniho masivu se silnou deskovitou az
lavicovitou odlu¢nosti. Vypln puklin byla tvofena rezavohné-
dou jilovitou hlinou azZ jilem s vysokou vlhkosti. Tato vypln
zpusobovala nestabilitu a vypaddvani jednotlivych bloku hor-
niny, i kdyZ pevnost horniny byla shodn4 s predpokladem pru-
zkumu. Z davodu zaji$téni bezpecnosti pracovniku bylo proto

STRUCTURAL ANALYSIS

The new tunnel lining was calculated for the full earth pres-
sure exerted by the overburden, using the Finite Element
Method. In addition, the cut-and-cover part of the tunnel was
assessed. The calculation of the cut-and-cover part was con-
ducted in SCIA Engineer program, using a framework model;
the loading design took into consideration the non-symmetric
load acting on the cut-and-cover part due to the shape of the
final terrain surface (see Fig. 5). PLAXIS 2D 2011 program
was applied to the modelling of the interaction between the
excavation, tunnel lining and rock environment. Several cross-
sections were modelled, taking into consideration various criti-
cal factors during the construction, first of all excavation under
shallow overburden. The calculations proved that the primary
lining proposed was sufficiently competent in terms of both the
loading capacity and the settling of ground mass deformations.

The construction pit stability was assessed using geotechni-
cal software GEO 5, modules Sheeting — assessment and
Soil nails following principles of CSN EN 1997 — 1 Eurocode
7: Geotechnical design — Part 1: General rules, Design ap-
proach 2.

REALISATION OF REHABILITATION WORK

The work was carried out during a relatively short closure.
The rehabilitation was relatively complicated. It required many
technological steps and great consumption of shotcrete with
difficult access for construction equipment. A complication
significant in terms of the construction works progress lied in
the fact that significant weakness of rock mass exhibiting thick
platy to tabular jointing was encountered during the excavation
of the construction pit. The filling of fissures consisted of
rusty-brown clayey loam to clay with high content of moisture.
This filling caused instability and falling of rock blocks out of
matrix despite the fact that the rock strength was identical with
the survey assumption. With the aim of providing safety at
work, the decision was made to shift the temporary portal wall
to relatively more competent rock mass (see Fig. 6).

Rock bolts were added in the widened area of the constructi-
on pit, 13 bolts of the total of 35 for the stabilisation of the
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rozhodnuto posunout sténu provizorniho portdlu do relativné
pevnéjsi horniny (obr. 6).

V roz§ifené ploSe stavebni jamy byly doplnény horninové
svorniky, celkem bylo provedeno 35 svornikd, z toho 13 na
zajisténi dodate¢né dotéZené Casti jamy.

Déle byly v pribéhu praci ovéfovacimi vrty v pasech TP9,
TP10 a TP11 ovéfeny konkrétni dimenze volnych prostoru za
stdvajicim osténim misto o¢ekdvané zakladky a lic rostlé skaly.
V TP9, nad kterym mikropilotové destniky koncily, byl lic rost-
1é skdly podle ov€fovacich vrtu cca 1,50 m od lice stdvajiciho
osténi. Podle pavodniho projektu byl lic skdly uvaZzovan cca
1,30 m od lice stavajiciho osténi a byla predpokladdna zaklad-
ka. Aby byly konce MKP destniku prokazatelné v rostlé skéle
cca 0,5 m, navrhl projektant zvétSeni odklonu vybranych mik-
ropilot od rubu osténi.

Obecné lze konstatovat, Ze nadlozi horninového masivu bylo
proti pfedpokladu, ktery vychdzel z prazkumu, zasaZeno &as-
téj$imi horninovymi poruchami souvisejicimi s vyrony vody.
V téchto mistech dochédzelo k oddélovani a padani vétSich
bloku. S ohledem na nedostate¢nou stabilitu skalnich blokt nad
puvodni klenbou v TP 10 byl uplatnén postup, ktery zajistil
predev§im bezpecnost pri provddéni zajiSténi vyrubu
a spolehlivou ochranu pracovniki po celou dobu, neZ bylo
dobudovdno definitivni{ Tento postup spocival
v postupném odbourdvdni puvodniho osténi po kratkych
pasech, kdy po odstranéni uvolnénych bloku horniny
a zaméfeni vyrubu byl proveden ndstiik stiikaného betonu
a kotveni vyrubu — vytypované nestabiln{ lavice a bloky horni-
ny byly kotveny samozdvrtnymi kotvami R32 délky 2,5 m
a 3,5 m (obr. 7). Délka se fidila polohou puklin v horniné
a polet kotev byl ddn aktudlnim potem bloku ke kotveni.
Kotvy byly injektované chemickou injektdzi dvouslozkovou
PUR pryskyfici s maximdlnim stupném napénéni 3 — potieba
okamzité unosnosti. Hloubena cdst i ¢ast tunelu, kde byla
odstranéna puvodni obezdivka, byly ochranény proti zemni
vlhkosti sklddanymi polypropylenovymi deskami (obr. 8).

osténi.

SANACE JIVOVSKEHO TUNELU

Jivovsky tunel byl postaven v roce 1872 jako soucdst trati
Olomouc — Krnov a byl od té doby v nepfetrzitém provozu.
Puvodni osténi bylo kamenné, byl pouZzit materidl z razby —

-
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-

Obr. 7 Zajisténi vyrubu u portilu Domasovského tunelu
Fig. 7 Excavation support at the Domasov tunnel portal

Obr. 6 Stavebni jama Domasovského tunelu
Fig. 6 Domasov tunnel construction pit

additionally excavated part of the pit.

Verification drilling in blocks TP9, TP10 and TP11 verified
real dimensions of empty spaces existing behind the lining
instead of the packing and the natural rock surface. In TP,
above which the pre-support tubes ended, the natural rock sur-
face was, according to the verification drillholes, at the distan-
ce of 1.50m from the existing lining surface. According to the
original design, the rock surface was assumed to be at the
distance of about 1.30m from the surface of the existing lining
and the packing was expected. The designer proposed that the
deviation of selected pre-support tubes from the outer surface
of the lining be increased so that the ends of the tubes were pro-
vably fixed 0.5m in natural rock.

In general it is possible to state that the overburden was
affected by more frequent rock disturbances associated with
water strikes than expected according to the survey. In these
locations separation and falling of larger rock blocks was
encountered. Taking into consideration the insufficient stabili-
ty of rock blocks above the original vault in TP 10, a procedure
was applied which secured first of all safety during the instal-
lation of the excavation support and reliable protection of wor-
kers throughout the period during which the final lining was
being completed. This procedure lied in gradual demolishing of
short blocks of the original lining, where shotcrete was applied
and rock bolts were installed after removing loosened rock
blocks and surveying the excavation; selected instable rock
beds and blocks were anchored with self-drilling anchors R32

Obr. 8 Vyztuz osténi DomaSovského tunelu s ochranou proti zemni vihkosti
Fig. 8 Reinforcement of the Domasov tunnel lining with damp proofing
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2.5m and 3.5m long (see Fig. 7). The length was determined
taking into consideration the position of fissures in rock and the
number of anchors depended on the number of blocks to be
anchored. The anchors were grouted with PUR two-component
resin with the maximum foaming degree 3 because of the
necessity of immediate loading capacity. Both the cut-and-
cover and the mined part of the tunnel where the original lining
had been removed was protected against soil moisture by poly-
propylene slabs (see Fig. 8).

REHABILITATION OF THE JIVOVA TUNNEL

The Jivova tunnel was constructed in 1872 as a part of the
Olomouc — Krnov rail line and has been in service without
interruption since that time. The original lining was masonry —
from shale obtained from the tunnel excavation. In 1908-1912
the lining was reconstructed in two parts of the tunnel. Granite
masonry with cement mortar was applied to side walls, whilst
the vaults were in concrete. In 1949-1950 parts of vaults at
portals were supported with centering — steel ribs. In 1952
a part was damaged during the passage of a bridge crane. In

Obr. 9 Pivodni stav Jivovského tunelu 1968—1973 the tunnel was reconstructed. The construction was
Fig. 9 Original condition of the Jivovd tunnel . i .
carried out as a whole-state experiment.

biidlice. V letech 1908-1912 byla prestavéna obezdivka ve The‘vaovzi tunnel reconstru.cti.on star‘ted slightly ‘later than
dvou &astech tunelu. Opéry byly vyzdény ze Zulového kamene that of the Don}aéov tunnel, within the f‘ramework of the same
na cementovou maltu, klenby byly provedeny z betonu. track c.losu.re, from August to the end of Novem.ber 2012. The‘
V letech 1949-1950 byly &sti kleneb u portdlii podepieny core lied in removing shofcrete suppqrt z?nd m‘stallatlon of
skruzemi — ocelovymi ramendty. V roce 1952 byla st posko- | *NOtcrete sub-base layers for the application of a spray-on

v . s aterproofing br: ith a shotcrete ¢ and thrust
zena pri prujezdu mostniho jerdbu. V letech 1968-1973 byl Iz;ecrrploo ing membrane with a shoferete cover an e

GEOLOGICAL AND HYDROGEOLOGICAL CONDITIONS

The Jivova tunnel was built in the Hluboc Kulm formation
schist. Dark-grey, finely micaceous, competent clayey schist
locally passing to sandy schist emerges in the open cut in front
of the exit (northern) portal at the length and height of about
10m and 5m, respectively. More or less cleaved surfaces alter-
nate there. The rock in the rock pre-cut at the southern portal is
characterised, as opposed to the northern portal, by higher frac-
turing. It is again formed by competent clayey schist, in which
finer material alternates with sandy surfaces. It was discovered
by the tunnel survey in 2009 that a geological disturbance,
manifesting itself by a step change of the schist layers dip, pas-
ses across TP 9 tunnel block. The disturbance is formed by
a narrow fissure up to 1.9m deep, passing through the vault
across the tunnel.

JIVOVA TUNNEL REHABILITATION DESIGN

Partial removing of the partially incoherent surface shotcrete
layer was proposed for both portal areas with the cast-in-place
lining within the extent of 11 casting blocks (see Fig. 9). In
addition, the design prescribed the sealing of cracks and poor-
ly compacted honeycombing locations by injecting polyuretha-
ne resin. Defective and poorly compacted surfaces were to be
re-profiled by shotcrete. It was revealed during the tunnel
inspection that all expansion joints were water inflow sources
(see Fig. 10). For that reason ALFA cross-drains were proposed
for expansion joints to be installed in cut grooves and covered
with non-water-absorbing polystyrene and repair mortar. The
cross-drains (see Fig. 11) are connected to toe drains through
flexible tubes.

Obr. 10 Stav Jivovského tunelu v zimnim obdobi The removing of shotcrete together with sharp edges on the
Fig. 10 Jivovd tunnel condition during winter season surface excavated in the schistose rock was proposed for the
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tunel rekonstruovan. Stavba byla provedena jako celostatni
experiment.

Sanace Jivovského tunelu byla zapocata o néco pozdéji,
v ramci téZe vyluky, a to od srpna do konce listopadu 2012.
Jadro praci spocivalo v odstranéni zajisténi ze stfikaného beto-
nu a provedeni podkladnich vrstev ze stiikaného betonu, na
kterou byla aplikovdna membrdna stfikané hydroizolace s kryci
a pritla¢nou vrstvou stiikaného betonu.

GEOLOGICKE A HYDROGEOLOGICKE POMERY

Tunel Jivovsky je vybudovan v hlubo¢ské bridlici kulmské-
ho tdtvaru. V zdfezu pred vyjezdovym — severnim portdlem
vystupuji na délku asi 10 m a vySku asi 5 m tmavoSedé, jemné
slidnaté, pevné jilovité bridlice, které misty prechdzeji do brid-
lic piscitych. Stfidaji se vice a méné zbridli¢natélé plochy.
Hornina ve skalnim predzérezu vjezdového — jizniho portdlu se
vyznauje na rozdil od severniho portalu vétsi puklinatosti.
Tvori ji opét jilovitd pevnd bridlice, v niz se stfidd jemn¢jsi
materidl s plochami pis¢itymi. Pfi pruzkumu tunelu v roce 2009
bylo zjisténo, ze v TP 9 prochdzi tunelem geologickd porucha,
ktera se projevuje skokovou zménou sklonu vrstev bridlice.
Porucha je tvofena tdzkou puklinou hloubky az 1,9 m, procha-
zejici v klenbé napfi¢ tunelem.

NAVRH SANACE JIVOVSKEHO TUNELU

V obou portdlovych oblastech s monolitickym osténim
v rozsahu 11 past bylo navrZzeno odstranéni &dste¢né nesoudrz-
né povrchové vrstvy stiikaného betonu (obr. 9). Déle projekt
predepsal zatésnéni trhlin a nezhutnénych hnizd v osténi injek-

tdazi polyuretanovou pryskyfici. PoSkozené a nezhutnéné

Obr. 11 Svodnice na lici vyrubu
Fig. 11 Cross-drain on the excavation surface
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Fig. 12 Typical cross-section through the tunnel section provided with spray-on waterproofing




plochy mély byt podle navrhu reprofilovany stfikanym beto-
nem. Pfi prohlidce tunelu bylo zjisténo, ze vSechny dilatadni
spary jsou zdrojem pfitoka vody (obr. 10). V dilataénich spa-
rach proto byly navrzeny drendzni svodnice typu alfa, osazené
do vysekané drdzky, zakryté nenasdkavym polystyrenem
a sanac¢ni maltou. Svodnice (obr. 11) jsou napojeny do patnich
stok flexibilnimi trubkami.

V celém rozsahu tseku bez monolitického ostén{
(TP6-TP14) bylo navrZeno odstranit stiikany beton spolu
s ostrymi hranami vylomu v bfidliénaté horniné. Dale byl
v projektu specifikovdn systém injektovanych sklolamindto-
vych tyCovych kotev pro zajiSténi uvolnénych ¢&i potenciondl-
né nestabilnich bloku horniny. Délka kotev byla v projektu sta-
novena v zdvislosti na konkrétni tloustce skalnich bloka, pred-
pokladédna byla délka do 4 m.

Sanace geologické poruchy v TP9 byla feSena takzvanym
zaplombovanim — na povrchu méla byt podle projektové doku-
mentace prekryta osténim ze stfikaného betonu s vyztuzi
z KARI siti pfi ponechédni dutiny za rubem pro odvod pronika-
jici vody. Osténi bylo k vyrubu fixovano kotvami, pronikajici
voda pak svedena flexibilnimi svodnicemi do postrannich stok.
Svodnice byly také navrZzeny na svedeni prosakujicich vod
v celém tseku bez monolitického osténi. Jejich rozmisténi bylo
dédno jednak bfidli¢natosti horniny, jednak prasaky. Ndvrh byl
upfesnén po podrobné dokumentaci zalednéni v predjari.

Zajisténi ocisténého vyrubu bylo navrzeno v celé plose
vyrovnavaci a podkladni vrstvou stfikaného betonu, v misté
vétSich prusaki vyztuZenou KARI sit€émi. Tato vrstva byla
navrzena jako podklad pro stfikanou hydroizolaci, na kterou
byla aplikovdna dalsi vrstva stiikaného betonu — kryci
a pritlacna (obr. 12).

REALIZACE SANACNICH PRACI JIVOVSKEHO TUNELU

Sanace Jivovského tunelu byla realizovdna ve stejné vyluce
jako sanace DomaSovského tunelu.

Celoplosné odstranéni povrchovych vrstev stiikaného betonu
a ostrych hran horniny ve vyrubu se podarilo velmi rychle
zvlddnout pomoci strojnich fréz, které bez problému zarovnaly
i neprili§ tvrdou bridlici ve vyrubu (obr. 13).

Asi nejzasadnéjSim problémem realizace byla koordinace
aplikace stiikaného betonu a stiikané hydroizolace (obr. 14). Po
technologické strance byla priprava vhodné smési pro suché

Obr. 13 Ofrézované puvodni osténi
Fig. 13 Original lining treated by milling
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entire extent of the section without the cast-in-situ lining (TP6
— TP14). In addition, a system of grouted glassfibre reinforced
plastic (GRP) rod anchors was specified in the design with the
aim of stabilising loosened or potentially instable rock blocks.
Anchor lengths were determined in the design depending on the
particular thickness of rock blocks; the length up to 4m was
assumed.

The rectification of the geological disturbance in TP9 was
solved by the so-called plugging — according to the design
documents it was to be covered on the surface by a shotcrete
lining reinforced with KARI mesh, whilst the cavity behind the
outer surface was to be left empty to allow the drainage of
inflowing water. The lining was fixed to the excavated surface
with anchors and the inflowing water was diverted through fle-
xible cross-drains to side-drains. Cross-drains were also propo-
sed for diverting water seeping throughout the length of the
tunnel without the cast-in-situ lining. Their locations depended
both on the rock cleavage and leaks. The proposal was refined
when the early spring ice accretion had been completed.

The support of the cleaned excavation with a smoothing and
bedding layer of shotcrete reinforced in the location of larger
leaks with KARI mesh was proposed for the entire surface.
This layer was designed as a sub-base for the spray-on waterp-
roofing layer, with another layer of shotcrete (covering and
thrusting) (see Fig. 12).

REALISATION OF THE JIVOVA TUNNEL
REHABILITATION

The Jivova tunnel rehabilitation was realised in the same
track closure as the rehabilitation of the DomaSov tunnel.

The removing of surface layers of shotcrete and sharp edges
of rock in the excavation from the entire surface was mastered
very quickly using mechanical mills, which smoothed even the
not too hard schist in the excavation without problems
(see Fig. 13).

The probably most crucial problem of the realisation was the
coordination of the application of sprayed concrete and spray-
on waterproofing layer (see Fig. 14). In terms of technology, the
preparation of mixture suitable for dry process spraying was
tough both for the batching plant and the application itself. The
mixture to serve as the sub-base for spay-on waterproofing must
not be coarsely grained. The maximum permitted aggregate
fraction size is 4mm. It means that the mixture is practically

Obr. 14 Aplikace strikané hydroizolace
Fig. 14 Application of spray-on waterproofing
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Obr. 15 Rekonstruovany portdl Domasovského tunelu
Fig. 15 Reconstructed Domasov tunnel portal

stifkan{ tvrdym ofiskem jak pro betondrku, tak i pro vlastni apli-
kaci. Jako podklad pro stfikanou hydroizolaci nesmi byt smés
hrubozrnnd, maximdlni povolend frakce kameniva je
4 mm, jedn4 se tedy prakticky o sana¢ni maltu. Pritom v souladu
s CSN EN 14487 — 1 Stifkany beton a CSN EN 206 — 1 bylo
nutno pouZit beton minimdlni jakosti C 20/25 XAl XF2. Tato
smés byla doddna na stavbu v pozadované kvalité. Po jeji apli-
kaci vSak nastalo deStivé obdobi a pronikajici puklinovd voda
pronikala pres tuto vrstvu. Proto bylo nutno v nejvice zamokrte-
nych mistech doplnit svodnice a pasy nopové félie a beton dopl-
nit o krystalizaéni vsyp pro ¢aste¢né zamezeni prusaku. Tato
opatfeni byla posléze doplnéna odlehCovacimi otvory v nejvice
mokrych mistech, které byly na zavér zaslepeny v oblasti nad
koleji, v opérach byly ponechdny. Aplikaci hydroizolaéni mem-
brany lze totiz provddét pouze na suchy, nebo matné vlhky
povrch. Do téchto problému se pridal jesté ndstup prvnich mra-
zivych dnt, coZ jesté prodlouZilo celou sanaci.

ZAVER

V soucasné dobé je u obou tunelt ukonéen zkusebni provoz
a dspésnost sanace byla ovéfena provozem trati b€hem zimni-
ho obdobi. I pres vechny problémy, které se vyskytly béhem
stavebnich praci, lze konstatovat, Ze tato sanace probehla
uspésné (obr. 15, 16), a to diky mimorddnému nasazeni a spolu-
praci vSech zicastnénych stran.

ING. LUBOMIR KOSIK, lkosik@amberg.cz,
ING. JAROSLAV LACINA, jlacina@amberg.cz,
AMBERG ENGINEERING Brno a.s.
Recenzovali: prof. Ing. Jiri Bartdk, DrSc.,
Ing. Michal Grambli¢ka
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NAVRH PRISTUPOVYCH SACHET NA NOVEM BAZOVEM
TUNELU SEMMERING

DESIGN FOR ACCESS SHAFTS ON NEW SEMMERING BASE TUNNEL

JAN ROZEK, ONDREJ JAGR, OLIVER KAl WAGNER

ABSTRAKT

V Rakousku v poslednich letech probihd intenzivni priprava rozSireni a modernizace Zeleznicni sité. Na severojiznim Zelezni¢nim kori-
doru mezi Vidni a Grazem se pldnuje vystavba 27,3 km dlouhého bdzového tunelu Semmering. Cldnek shrnuje zdkladni informace o p¥i-
pravované stavbeé a bliZe se vénuje projektu svislych pristupovych del pro razbu tunelu. Dvojice pristupovych Sachet Froschnitz o hloub-
ce 410 m umozni razbu a ndsledné i provozni vétrdni celkem trindctikilometrového useku tunelu oznaceného jako SBT2.1. Navazujici
sedmikilometrovy visek SBT1.1 bude raZzen kromé od portdlu také z pristupového dila Gostritz, tvoreného pristupovym tunelem a dvoji-
ci Sachet o hloubce 250 m. Pri ndvrhu Sachet je zapotrebi zohlednit nejen pestrou geologickou stavbu tizemi, ale také poZadavky na logis-
tiku behem vystavby vietné poZadavkii na vétrdni a odvodnéni jak samotnych pristupovych dél, tak prilehlych sekii tunelu.

ABSTRACT

Intense preparation of the expansion and modernisation of railway network has been in progress in Austria in recent years. The construc-
tion of the 27.3km long New Semmering Base Tunnel is planned on the railway corridor between Vienna and Graz. The paper summarises
basic information about the project being prepared and focuses in more detail on the design of vertical access workings required for the tun-
nel excavation. A pair of the 410m deep Froschnitz shafts will make the excavation and subsequently also operational ventilation of the thir-
teen kilometres long SBT2.1 tunnel section possible. The adjacent seven kilometres long SBT1.1 section will be driven from both the portal
and the Gostritz access working formed by an access tunnel and a pair of 250m deep shafts. It is necessary during the designing of the shafts
to take into consideration not only the varied geological conditions of the area, but also requirements for logistics during the construction, inc-
luding requirements for the ventilation and drainage of the access workings themselves as well as of the adjacent sections of the tunnel.

ovop INTRODUCTION

Rakouska Jizn{ drdha je duleZity spojovaci ¢lanek transevrop- The Austrian Southern Railway is an important linking element
ské Baltsko-jaderské osy — severojizniho Zelezni¢niho koridoru, of the Baltic-Adriatic axis — the north-south railway corridor
ktery spojuje Polsko, Ceskou republiku, Rakousko
a Italii a ktery bude mit v budoucnu $iroky hospodar- e
sky vyznam nejen pro zemé, jimiz prochazi. Baltsko-
jaderska osa byla v roce 2011 Evropskou komisi ofi-
cidlné zafazena do prioritnich projektd tzv. Hlavni .
sité TEN-T. Cilem této Hlavnf sité, kterd by méla byt e ¥
dokoncena do roku 2030, je modernizace infrastruk-
tury, odstranovéni existujicich prekdzek a optima-
lizace preshrani¢ni dopravy [1].

Dulezitym bodem v rdmci modernizace rakouské
Jizni drahy je vystavba nového bdzového tunelu
Semmering (Semmering-Basistunnel neu, ddle jen /O salzburg
SBTn). Vybudovdanim a zprovoznénim 27,3 km
dlouhého Zelezni¢niho tunelu, ktery bude spojovat
meésta Gloggnitz v Dolnim Rakousku a Miirz-
zuschlag ve Styrsku, dojde k vyznamnému odleh&e-
ni stdvajictho 41,7 km dlouhého dseku horské Zelez-
ni¢ni trati Semmeringbahn (obr. 1, 2). Semmering-
bahn je povazovdna za prvni skute¢nou horskou
Zeleznici na svété (oteviena jiZz v roce 1854), v roce
1998 byla zapséana do svétového kulturniho dédictvi
UNESCO a v soucasné dobé je jednou z nejvice

o ) ) D s e Wlagenfurt |
vytiZenych horskych trati v zemi. Stdvajici trat pre- o S
konava vyskovy rozdil 457 m a nachdzi se na ni 16 -
viaduktd a 15 tuneld. Novy tunel by mél diky ndvr- 1 - Stévajici trat Semmeringbahn - Existing Semmeringbahn rail line
hové rychlosti 230 km/h prevzit rychlou osobni 2- I\N/IOZIY bazovy thU|"9| iemmderingé New Semmering Basfegunnel

. < P . P 3 - Modernizace hlavniho nadrazi Graz — Modernisation of Graz main railway station

dopravu — d,OJde ke zkrace}nl JIde d?by, Viden — 4 - Koralmbahn Graz - Klagenfurt — Koralmbahn Graz — Klagenfurt
Graz o 30 minut — a diky nizkému podélnému sklo- 5 - Pfestavba nadrazi Bruck/Muhr — Reconstruction of Bruck/Muhr railway station
nu trati bude na rozdil od stdvajici horské Zeleznice 6 - Prestavba nadrazi Zeltweg — Reconstruction of Zeltweg railway station

schopen mnohem lépe prevadét i téZkou ndkladni Obr. 1 Mapa rakouské Jizni drahy (zdroj [1])

dopravu [2]. Fig. 1 Map of the Austrian Southern Railway (source [1])
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Fig. 2 Alignment of the New Semmering Base Tunnel (source [1])

Projekt nového bazového tunelu Semmering je v soucasné
dobé povazovdn za jeden z nejdulezitéjSich velkych doprav-
nich projekti v srdci Evropy a v dobé uvedeni do provozu
bude tunel svou délkou 27,3 km patfit k nejdel$im Zelezni¢nim

tunelim Rakouska.

NAVRH NOVEHO BAZOVEHO TUNELU SEMMERING

Tunel sestdvd ze dvou paralelné vedoucich jednokolejnych
tunelovych trub o pruméru zhruba 10 m ve vzajemné vzdale-
nosti 40-70 m. Pro zaji§téni bezpe¢ného uniku osob v pripadé
mimoradné udalosti jsou trouby po pravidelnych vzdalenos-
tech max. 500 m vzdjemné propojeny prichozimi pri¢nymi
tunelovymi spojkami a uprostred délky tunelu je mezi trouba-
mi navrZena nouzova stanice (Nothaltestelle, ddle jen NHS).

Razba tunelu bude v zdvislosti na predpokladanych geologic-
kych a hydrogeologickych pomérech provddéna dvéma riznymi
zpusoby — kontinudlné raZzbou pomoci TBM a cyklickou razbou
pomoci Nové rakouské tunelovaci metody. Vzhledem ke své
délce se bude tunel razit ve tfech stavebnich tsecich soucasné.
Pro razbu stavebniho tseku SBT1.1 délky 7,26 km bude nutné
zbudovat pristupovy tunel, kaverny a Sachty Gostritz, usek
SBT2.1 délky 13,04 km bude razen z pristupovych Sachet
Froschnitz a usek SBT3.1 o délce 6,98 km z pristupové Stoly
Grautschenhof (obr. 3). VSechny pfistupové Sachty a tunely budou
po ukonceni vystavby zruseny, s vyjimkou Sachet Froschnitz, které
budou v provozni fazi slouzit jako vétraci Sachty.

Soucdsti stavby jsou, kromé vySe uvedenych tunelovych
trub, nouzové stanice a pristupovych Sachet a $tol, také porta-
ly Gloggnitz a Miirzzuschlag, deponie Longsgraben, vétraci
Sachta Sommerau, do¢asné komunikace, opatfeni pro ochranu
vod aj. Pravidelné aktualizované informace o projektu jsou
k dispozici na internetu, viz [2].

GEOLOGICKE POMERY

Trasa tunelu prochdzi intenzivné tektonicky pretvorenym
horninovym prostredim. V trase se stfidaji, ¢asto na malém

Semmering
(délka 27,3 km)
New Semmering

Base Tunnel
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connecting Poland, the Czech Republic, Austria and Italy, which
will be in the future of wide economic importance not only for the
countries it passes across. The Baltic-Adriatic axis was officially
listed by the European Commission among priority projects of the
TEN-T transport network. The main objective of the TEN-T net-
work, which should be completed by 2030, is to modernise the
infrastructure, remove existing obstacles and optimise cross-bor-
der transport [1].

An important item within the framework of the modernisati-
on of the Austrian Southern Railway is the development of the
New Semmering Base Tunnel (Semmering-Basistunnel neu,
hereinafter referred to as the SBTn). After building and bringing
into service the 27.3km long railway tunnel which will connect
the towns of Gloggnitz in Lower Austria and Miirzzuschlag in
Styria, the congestion on the existing 41.7km long section of the
Semmeringbahn mountain railway (see Figures 1,2) will be sig-
nificantly relieved. The Semmeringbahn is regarded as the first
real mountain railway in the world (brought into service as far
back as 1854). It was inscribed on the UNESCO World Heritage
List of cultural and natural properties in 1998 and currently is
one of the busiest mountain railways in the country. The exis-
ting track overcomes the altitude difference of 457m and conta-
ins 16 viaducts and 15 tunnels. Owing to the design speed of
230km/h, the new tunnel should take over the fast passenger
transport (the Vienna — Graz journey time will be reduced by 30
minutes) and, owing to the low longitudinal gradient of the track
compared with the existing track, it will be much better able
even to transfer heavy haulage [2].

The New Semmering Base Tunnel project is currently being
considered to be one of the most important large transportation
projects in the heart of Europe. When it is put into service, its
length of 27.3km will place it among the longest railway tun-
nels in Austria.

DESIGN FOR NEW SEMMERING BASE TUNNEL

The tunnel consists of two single-track tunnel tubes about
10m in diameter, running in parallel at the distance of 40-70m.
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Obr. 3 3D-model jednotlivych objektu stavby (zdroj [1])
Fig. 3 3D-model of individual construction objects (source [1])

prostoru, slabé pretvorené metasedimenty (fylity, bridlice,
kvarcity, metapiskovce), vodonosné karbondtové horniny
a krystalické bridlice a ruly. Geologické jednotky jsou navza-
jem oddéleny poruchovymi pdsmy. Celkem je zastizeno 41
typu horninového masivu a 33 horninovych celka. Podrobnéjsi
informace viz [3].

PROJEKTOVA PRIPRAVA SBTn Z POHLEDU INVESTORA

Projektova priprava SBTn byla zahdjena v roce 2005
a béhem nékolikaletého procesu byla z celkem 13 variant
vedeni trasy vybrana varianta Pfaffensattel. Jiz ve fazi vybéru
trasy se mohli k projektu vyjadfovat zdstupci obci a zdjmo-
vych skupin z regionu. V letech 2008 az 2010 byl provedena
prvni faze podrobného geotechnického pruzkumu, jehoZ zavé-
ry byly zdkladem pro vypracovani dokumentace pro vydan{
stavebniho povoleni. V poloviné roku 2010 byla odevzdana
dokumentace pro posouzeni vlivu na Zivotni prostredi
a vyddni stavebniho povoleni (Einreichung). Obé potfebna
stanoviska byla vyddna v poloviné roku 2011. V roce 2011
a 2012 byla provadéna dalsi fdze vrtného pruzkumu
a laboratornich zkousek, jejichZ vysledky se postupné zpraco-
vdvaly a slouzi pro vypracovani dokumentace pro zadani stav-
by (Ausschreibungsprojekt) pro jednotlivé cCasti stavby.
Nejddle pokrocily prfipravné priace na budoucim portdlu
Gloggnitz, pomocnych vodohospodérskych opatfeni a pro-
vizornich komunikaci, kde jiZ byla stavba zahdjena. Vlastni
tunelové dseky jsou projektové rozd€leny na tii ¢dsti. Zaddvaci
dokumentace pro tsek SBT2.1 byla odevzddna v dubnu 2013
a neprodlen¢ bylo zahdjeno vyberové fizeni na zhotovitele
stavby. Odevzdani zaddvaci dokumentace pro navazujici tsek
SBTI.1 se planuje na prvni polovinu roku 2014. Staveni prace
na tunelovych dsecich zapo¢nou v roce 2014 hloubenim pri-
stupovych Sachet Froschnitz. Dokonceni a uvedeni stavby do
provozu je predpokldddno na konec roku 2024.

NAVRH PRISTUPOVYCH SACHET

Firma Amberg Engineering pfi ndvrhu Sachet pro SBTn
mohla vyuZzit své zkuSenosti s ndvrhem a realizaci 800 m

To provide safe escape of persons in the case of an extraordi-
nary event, the tubes are interconnected at regular intervals by
pedestrian cross passages; an emergency station (Nothal-
testelle, hereinafter referred to as the NHS) is designed betwe-
en the tubes in the middle of the tunnel length.

The tunnel will be driven by two different technologies,
depending on the anticipated geological and hydrogeological
conditions — a continual system using full-face tunnelling
machines and a cyclical system using the New Austrian
Tunnelling Method. With respect to its length, the tunnel will
be driven concurrently in three construction sections. It will be
necessary to construct an access tunnel, caverns and the
Gostritz shafts for the excavation of the 7.26km long SBT1.1
section, whilst the 13.04km long SBT2.1 section and the 6.98m
long SBT3.2 section will be driven from the Froschnitz shafts
and the Grautschenhof access gallery (see Fig. 3) respectively.
All access shafts and tunnels will be cancelled after the works
completion, with the exception of the Froschnitz shafts, which
will serve as ventilation shafts in the operational phase.

Apart from the above-mentioned tunnel tubes, emergency
station and access shafts and galleries, the tunnel construction
comprises the Gloggnitz and Miirzzuschlag portals, the
Longsgraben stockpile, the Sommerau ventilation shaft, tempo-
rary roads, water protection measures etc. Regularly updated
information on the project is available on the Internet, see [2].

GEOLOGICAL CONDITIONS

The tunnel route passes through a tectonically transformed
rock environment. Weakly metamorphosed metasediments
(phylites, shales, quartzites, metasandstone), water-bearing car-
bonate rocks and crystalline schist and gneiss alternate along
the route, often within a small space. The geological units are
separated from each other by fault zones. In total, 41 rock mass
types and 33 rock units are identified, see [3].

SBTN ENGINEERING STAGE FROM PROJECT
OWNER'S PERSPECTIVE

The SBTn engineering stage commenced in 2005. The
Pfaffensattel variant was selected from the total of 13 variants
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hluboké Sachty Sedrun na Gotthardském bazovém tunelu
(obr. 4). Pristupové Sachty maji logistickou a ventila¢ni funk-
ci. Kvali zajisténi bezpecnosti je optimdlni budovat Sachty ve
dvojici, ¢imZ je umoznéno jednak z hlediska vétrani pouzivat
jednu ze Sachet jako vtaznou a druhou jako vydusnou, jednak
jednu ze Sachet osadit stabilnim zafizenim pro svislou dopra-
vu (dalni vytah, skip apod.) a druhou vyuZivat podle potieby
pro transport objemnych ndkladu. Prvnim krokem ndvrhu je
vzdy ovéreni nutného rozméru Sachet z hlediska kapacity pre-
pravy materidlu a osob. Na zdkladé maximdlnich dennich
postupt razby v tratovych tunelech se uré¢i mnoZzstvi rubaniny
a stavebnich materidld, které je nutno za asovy udsek téZnf
Sachtou prepravit. V této fazi jiz tedy musi byt rozhodnuto
o koncepci logistiky a organizaci vystavby (kolejova ¢i kolova
staveni§tni doprava, pouziti dopravnika, typ svislé dopravy,
umisténi betondrny, deponie, skladu tubingl apod.). Dal§im
faktorem pro uréeni vnitfnich rozméru Sachty je nutny pramér
Sachty z hlediska vzduchotechniky béhem hloubeni Sachet
(umisténi luten), razby tunelu, pfipadné za provozu tunelu,
jde-li o Sachtu trvalou. V neposledni fadé¢ je zapotiebi zohled-
nit prostor pro ruznéa vedeni (potrubi pro privod médii, Cerpa-
ni podzemni vody, kabeldz). Vlastni geotechnicky ndvrh pro-
biha v Rakousku podle smérnice OGG pro geotechnicky ndvrh
konven¢né razenych podzemnich staveb [4]. Ta stanovi metodiku
pro charakterizaci hornin, stanoveni koncepce vystavby, popis
chovani systému horninovy masiv—osténi a navrh projektu razby
véetné€ stanoveni trid vyrubu. Pfi ndvrhu tfid vyrubu je zohledné-
na norma pro zaddvani a ocefiovani tunelovych staveb ONORM
B2203-1. Trvalé sekundérni osténi se navrhuje podle Eurokddu.
Dal§im voditkem pro zpracovani vypoctu i navrh konstrukci jsou
smérnice RVS. Rada smérnic rakouského spolku OBV [5] pro
stiikany beton, vrtané piloty, odvodnéni tunelu, izolaci
a sekundérnf osténi tunelu je pak ekvivalentem naSich TKP a TP

of the alignment during the course of the several-year process.
It was as early as the alignment selection phase that represen-
tatives of municipalities and special interest groups from the
region were invited to make comments on the design. The ini-
tial phase of the detailed engineering geological survey was
conducted in 2008 through 2010. Its conclusions provided the
basis for the work on the final design. Documents for the
Environmental Impact Assessment and the issuance of the
Construction Permit (Einreichung) were handed over in the
middle of 2010. Both required opinions were issued in the
middle of 2011. The next phase of the borehole survey and
laboratory testing took place in 2011 and 2012. The results
were being continually processed and are used for the prepara-
tion of tender documents (Ausschreibungsprojekt) for indivi-
dual parts of the construction. Furthest advanced the preparati-
on work on the future Gloggnitz portal, ancillary water-resour-
ces measures and temporary roads, where the construction has
already commenced. The design for the tunnel portions the-
mselves is divided into three parts. The tender documents for
the SBT2.1 section were handed over in April 2013 and the ten-
der process to select the contractor started immediately. The
handing over of tender documents for the adjacent SBT1.1 sec-
tion is planned for the first half of 2014. Construction work on
the tunnel sections will commence in 2014 by excavating the
Froschnitz access shafts. The works completion and bringing
the project into service is assumed to take place at the end of
2024.

DESIGN FOR ACCESS SHAFTS

It was possible for Amberg Engineering to apply its experi-
ence in designing and realising the 800m deep Sedrun shaft on
the Gotthard Base Tunnel (see Fig. 4) to the design for shafts
for the SBTn. Access shafts fulfil logistical and ventilation
functions. It is optimal with respect to safety to construct shafts
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vény jako téZni. Na obr. 6 je  Obr. 5 Geologicky Fez Sachtou Frischnitz 1
zndzornéno schéma dopravy Fig. 5 Geological section through the Froschnitz I shaft

v Sachté Froschnitz 1. Vzhle-

dem k tomu, Ze strojni raZba md vyrazné vy$s$i maximalni denni in pairs. On the one hand, as far as the ventilation is concerned,
postupy nez NRTM, vznikéd kvuli tomu poZzadavek na kapacitn{ this system makes the use of one of the shafts as an intake shaft
svislou dopravu rubaniny pomoci dulnich skipu. Typ dopravni- and the other one as an uptake shaft possible, at the same time,
ho prostredku v Sachté zase ovliviiuje vybaveni zafizeni stave- stable equipment for vertical transport (a mine hoist, skip etc.)
nist€ v patni kaverné — je tfeba pocitat s umisténim plniciho can be installed in one of the shafts, whilst the other shaft is
zafizeni se systémem pésovych dopravniku a zdsobnika. used as needed for the transportation of bulky loads. The first

Obr. 5 predstavuje geologické poméry v Sachté Froschnitz 1. designing step is to verify the dimensions of the shafts from the
Ve svrchni ¢asti, kde se vyskytuji nezpevnéné svahové suté, aspect of the material and personnel transport capacity. The
bude Sachta paZena sténou z prevrtavanych pilot. Ve zbylém maximum daily advance rates in running tunnels are the basis
profilu Sachty prevazuji jednak fylity a bridlice, jednak ruly for the determination of the amount of muck and construction
s rliiznym stupném zvétrani a tektonického poruseni. Za zminku | the materials that must be transported via the hoisting shaft for
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a period of time. In this phase the decision on
the logistics concept and construction organi-
sation (rail-bound or rubber-tyred haulage,
the use of belt conveyors, the type of vertical
transport, location of the batching plant,
stockpile, segment stocking facility etc.)
must be made. Another factor for the deter-
mination of inner dimensions of the shaft is
the shaft diameter necessary for ventilation
during the shaft-sinking process (the installa-
tion of ventilation ducts), during the tunnel
excavation or during the tunnel operation if it
is the case of a permanent shaft. At last but
not least it is necessary to take into conside-
ration the space for various lines (pipelines
supplying media, groundwater pumping
lines, cables). In Austria, the geotechnical
design is carried out in compliance with requ-
irements of the OGG directive for geotechni-
cal design for conventionally excavated
underground structures [4]. The directive sets
the methodology for the characterisation of
ground, determination of the construction
concept, description of the behaviour of the
ground mass — lining system and the proposal
for the excavation design including the deter-
mination of excavation support classes. The
ONORM B2203-1 standard for awarding
contracts and pricing of tunnel structures is
taken into consideration when the excavation

classes are Dbeing designed.

support
oL _/ PROTIZAVAZi Permanent secondary linings are designed in
PATROVA TEZNI 2,6x1,0 m compliance with the respective Eurocode.
KLE('IEV?I’OSXS,EOC? DOLLY WEIGHT Other guidance on carrying calculations out
) 2,6x1,0m and on structural designing is provided by
WINDING CAGE L . L .
6,5%3,0m RVS directives. The series of directives issu-

ed by OBV, the Austrian Society for

Obr. 6 Schéma dopravy v Sachté Frischnitz 1
Fig. 6 The chart of transport in the Froschnitz 1 shaft

stoji tfi poruchové zény mocnosti 9—12 m tvorené podrcenou hor-
ninou. Pfitok podzemni vody do Sachet je odhadovén na 15 I/s,
ovsem Sachtou je tfeba béhem razby tratovych tunela prevadét az
250 1/s, pficemz Cerpani musi byt dimenzovano se 100% rezervou.

Kruhové primérni osténi je navrZeno ze stiikaného betonu
s vyztuznymi sitémi a svornikovou vyztuzi ve tfech typech jis-
téni, lisicich se navzdjem délkou zdbéru, tloustkou stiikaného
jisténi je spolu s pro néj uréujicim typem chovéani horninové-
ho masivu zndzornén na obr. 7. Po dohodé s investorem neby-
ly pro Sachty definovany vyrubové tiidy ve smyslu ONORM
B2203-1. Sachty budou opatfeny mezilehlou féliovou hydro-
izolaci. Sachty jsou stejné jako tratové tunely navrieny jako
drénované, tj. s rubovou drendzi, aby bylo vylouc¢eno zatizeni
plnym hydrostatickym tlakem. Definitivni obezdivka m4d jed-
notnou tloustku 35 cm a je dimenzovana kromé vlastni tihy
a objemovych zmén na zatizeni horninovym tlakem, zbytko-
vym hydrostatickym tlakem, na teplotni zatiZeni, tlak a sdni
vzduchu. Pro roznos vlastni tihy definitivni obezdivky do
okolniho horninového prostiedi jsou v primédrnim osténi navr-
Zeny v pravidelném rozestupu ozuby pro opérné patky.

NAVRH PRISTUPOVYCH SACHET GOSTRITZ

Pristupovy tunel a Sachty Gostritz se nachdzeji v dseku stav-
by SBTI1.l. Umoznuji zdolat vyznamné poruchové pdsmo

Construction Technology [5], for shotcrete,
bored piles, tunnel drainage waterproofing
and secondary tunnel lining is an equivalent
of Czech TKP and TP specifications. The directives relatively
exactly determine requirements for the design for these struc-
tures.

FROSCHNITZ ACCESS SHAFTS DESIGN

The Froschnitz access shafts are the only access point for the
construction of the thirteen kilometres long SBT2.1 section.
A system of logistical caverns and cross passages will be deve-
loped at the bottom of the shafts. The driving of both running
tunnels toward both portals will commence from that place.
Two full-face tunnelling machines will drive the tunnels
towards the east, whilst the New Austrian Tunneling Method
(NATM) excavation will proceed towards the west. The diffe-
rence in the elevation of the construction site facility on the sur-
face and the bottom of the caverns is roughly 410m and, in
addition, the depth of the main hoisting shaft has to be increa-
sed by approximately 50m for technological reasons. During
the tunnel operation the shafts will be used as ventilation struc-
tures and an emergency stop station will be situated at the bot-
tom of the shafts. In the emergency stop station, it will be pos-
sible to stop a train in the case of an extraordinary event and
evacuate the passengers to a protected space provided with
a separate ventilation system, and to transfer them safely to
a rescue train in the neighbouring tunnel tube. For that reason
the shafts will be provided with a permanent lining. A pair of
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shafts with the net inner diameter of the
secondary lining of 11m and 8.5m respecti-
vely has been designed. The diameter of the
‘ shafts has been determined primarily due to
the construction phase where the shafts are
used for material transport/muck removal.
The arrangement of transport in the Fros-
chnitz 1 shaft is presented in Fig. 6. The fact
that the maximum daily advance rates for
the mechanical excavation are significantly
higher than the NATM rates resulted in the
need for the vertical transport to be carried
out by large-capacity mining skips. The
type of the means of transport in the shaft
subsequently affects the layout of the con-
struction site facility in the bottom cavern;
it is necessary to take into account the space
required for the filling equipment with
a system of belt conveyors and bunkers.

Fig. 5 presents geological conditions in
the Froschnitz 1 shaft. In the upper part,
where unconsolidated slope debris are
encountered, the shaft will be braced with
a secant pile wall. Phyllites and shales as
well as gneiss with various degree of weat-
hering and tectonic disturbance prevail in
the remaining part of the shaft profile.
Worth mentioning are three 9-12m wide
fault zones formed by crushed rock.
Groundwater inflow to the shafts is estima-
ted at 15L/s, but up to 250L/s have to be
transferred via the shaft during the excava-
tion of the running tunnels; in addition, the
pumping capacity has to be designed with
a reserve of 100 per cent.

The circular primary lining design compri-
ses shotcrete with welded mesh and rock

stfikany beton
shotcrete

/ stikany beton
/yshotcrete

%

Obr. 7 Priklad typu chovdni horninového masivu a jisténi
Fig. 7 Example of the rock mass behaviour and support

Schlaglstorung pomoci razby NRTM a napojit se na usek
razeny pomoci TBM v tseku SBT2.1. Jednd se o pristupovy
tunel délky cca 1000 m, na jehoz konci bude vyrazena dvoji-
ce kaveren. Z nich budou hloubeny dvé slepé Sachty (bez svis-
1ého propojeni s povrchem) o vnitinim svétlém pruméru 9 m
a 7 m a hloubce 250 m. Jednd se o Sachty doCasné, slouZici
pouze béhem vystavby jako t€Zni a vétraci, které budou po
dokonéen{ tunelt zlikvidovédny. Proto budou vystrojeny pouze
primdrnim osténim. PuUdorysné schéma pristupového dila,
pudorys kaveren a svisly fez kavernami je zndzornén na obr. 8.
Vzhledem k tomu, Ze razba tratovych tuneli bude probihat
NRTM, je zde denni objem rubaniny niZ$i nez v useku
SBT2.1 a tomu odpovidd i rozdilny ndvrh svislé dopravy.
Rozdilnd je i geologickd stavba, kdy v ¢&dsti pristupového
tunelu dominuje poruchové pdsmo Grassberg-Schlagl-
Storungssystem s prevahou podrcenych fylita, kvarcitu
a karbondtovych hornin a ve zbytku tunelu a v Sachtdch se
vyskytuji dolomity a mramory, Cdste¢né brekcie. Soudasti
projektu je i navrh zaplnéni Sachet a Casti pristupového tune-
lu. Geotechnicky ndvrh probihd podle zdsad zminénych vyse.

ZAVER
Investorem stavby je OBB Infrastruktur AG (Rakouské

spolkové drahy), vypracovanim projektu stavebni Cdsti bylo
povéreno sdruzeni projekénich firem iC consulenten ZT

bolts, in three types of the supporting capaci-

ty differing from each other by the advance

round length, the thickness of shotcrete and
the type, length and grid of rock bolts. The lightest and the heavi-
est excavation support type, with the respective determining type
of ground mass behaviour, are presented in Fig. 7. In agreement
with the project owner, the excavation support classes for the
shafts were not defined in the meaning of the ONORM B2203-1.
The shafts will be provided with intermediate plastic membrane
waterproofing. The shafts as well as the running tunnels are
designed as drained structures, i.e. with outer drainage, so that the
full hydrostatic pressure is eliminated. The final lining is uniform
at 35cm. The dimensions are calculated, apart from the dead
weight and volumetric changes, for the confine pressure, residual
hydrostatic pressure, thermal loading, the air pressure and air suc-
tion. Pockets are left at regular intervals in the primary lining to
accommodate seating shoes for the purpose of the transfer of the
dead weight of the final lining into the surrounding rock environ-
ment.

GOSTRITZ ACCESS SHAFTS DESIGN

The Gostritz access tunnel and shafts are located in the
SBT1.1 construction section. They make the overcoming of
the significant Schlaglstorung fault zone using the NATM and
connecting to the section driven by means of full-face tunnel-
ling machines in the SBT2.1 possible. The structure consists of
an about 1000m long access tunnel with a pair of caverns
excavated at its end. From there, two blind shafts (without
vertical connection to the surface) with the net inner diameter
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Rez A-A
Cross-section A-A

access tunnel

kaverny
caverns

caverns

Sachta Gostritz 1
Gostritz 1 shaft

Sachta Gostritz 2
Gostritz 2 shaft

pristupovy tuel b‘

Sachta Gostritz 1
Gostritz 1 shaft

of 9m and 7m respectively and the depth of
250m will be excavated from them. These
shafts will serve only temporarily during the
construction as hoisting and ventilation
shafts, which will be liquidated when the tun-
nels are completed. For that reason they will
be provided only with a primary lining. The
ground plan layout of the access working and
caverns and the vertical section through the
caverns are presented in Fig. 8. With respect
to the fact that the running tunnels will be
driven using the NATM, the daily volume of
muck is lower than in the SBT2.1 section and
therefore a different system of vertical tran-
sport was chosen. The geotechnical design is
carried out following the above-mentioned
principles. The geological conditions are also
different. The Grassberg-Schlagl-Storungs-
system fault zone with crushed phyllites,
quartzites and carbonate rock prevails in
a part of the access tunnel, whilst dolomites,
marbles and partially also breccias are
encountered in the remaining part of the tun-

Obr. 8 Schéma ZA Gostritz
Fig. 8 ZA Gostritz chart

GmbH, IGT Geotechnik und Tunnelbau ZT GmbH a Vigl-
consult ZT GmbH. Investor zajistuje jak zaddvaci dokumen-
taci (Ausschreibungsprojekt), tak provadéci dokumentaci
(Ausfiihrungsprojekt). Na zdkladé predchozich zkuSenosti
s projektem i realizaci hlubokych Sachet Sedrun na
Gotthardském bdzovém tunelu se na projektu podili také
firma Amberg Engineering ndvrhem uvedenych pristupo-
vych dél.

Novy tunel Semmering je velmi zajimavy jak svym rozsa-
hem, tak komplexnosti geotechnickych poméru a pestrosti
inZenyrskych dloh, se kterymi je moZno se pri jeho ndvrhu set-
kat. Pro nds projektovy tym je dobrou zkuSenosti spoluprace
s rakouskymi projekénimi firmami i erudovanymi odborniky
investora. Pfinosné je pouZiti uceleného systému rakouskych
norem a predpisu, které se stéle Cast€ji pouzivaji i u nds a na
Slovensku. Inspiraci pro nafe prostredi muZze byt i systém pie-
ddvani, pripominkovani a schvalovdni dokumentace vyhradné
elektronicky za pouziti internetové platformy provozované
investorem.

ING. JAN ROZEK, Jjrozek@amberg.cz,
ING. ONDREJ JAGR, ojagr@amberg.cz,
AMBERG ENGINEERING Brno a.s.,
DI OLIVER KAI WAGNER,
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nel and the shafts. The design for the backfil-
ling of the shafts and the part of the access
tunnel is part of the overall design.

CONCLUSION

The project owner is OBB Infrastruktur AG (Austrian
FederalRailways), a consortium consisting of designing firms iC con-
sulenten ZT GmbH, IGT Geotechnik und Tunnelbau ZT GmbH and
Viglconsult ZT GmbH. has been commissioned to carry out the design
for the civils part. The project owner provides both the tender design
(Ausschreibungsprojekt) and the detailed design. With respect to its
previous experience gathered from designing and realising the deep
Sedrun shafts on the Gotthard Base Tunnel, Amberg Engineering par-
ticipates on the design by designing the access workings.

The New Semmering Base Tunnel is very interesting both in its
scope and the comprehensiveness of geotechnical conditions and
variability of the engineering problems that may be encountered
during the work on its design. The collaboration with Austrian
designing offices and erudite project owner’s experts is good
experience for our designing team. We consider as beneficial the
use of the comprehensive system of Austrian standards and regu-
lations, which are more and more frequently used in the Czech
Republic and Slovakia. The system of handing over, commenting
and approving documents solely electronically using an Internet
platform operated by the project owner can also be inspiration for
our environment.
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PLAVENY TUNEL FEHMARNBELT
THE FEHMARNBELT IMMERSED TUBE TUNNEL

SUSANNE K. PEDERSEN, ANTONIUS J. H. HEMEL, STEEN LYKKE

ABSTRAKT

Ddnsky parlament v roce 2011 rozhodl o priprave projektu pro schvdleni investicniho zdméru a vybérové rizeni pro plaveny tunel, ktery
predstavuje uprednostiiované reseni pevného spojent pres Fehmarnovu uZinu. Toto spojeni bude tvorit duleZitou dopravni tepnu mezi
Skandinavii a severni Evropou. Rozhodnuti vychdzelo z koncepcniho ndvrhu, ktery vytvorilo sdruZeni firem Rambgll-Arup-TEC. Po jeho
dokonceni projekcni skupina pokracovala v dalsim vyvoji projektu ve spoluprdci s viastnikem Femern A/S. Tunel Fehmarnbelt spojujict
Némecko se Skandindvii je tvoren ddlnici se CtyFmi jizdnimi pruhy a dvoukolejnou Zeleznicni trati. Tunel je unikdtni svym méritkem. Jeho
parametry vytvori nové rekordy — délka podmorského tseku je 18 km, Sirka tunelu bude 42 m a hloubka zdkladu se bude nachdzet pres
40 m pod hladinou more. Tunel Fehmarnbelt se v diisledku toho stane zdaleka nejdelsim tunelem a jednim z nejhlubSich tunelu tohoto typu,
Jjaké kdy byly postaveny. Vybérové Fizeni na stavbu tunelu by mélo byt podle pldnii zahdjeno v roce 2013. Stavba bude rozdélena na tyri
hlavni &dsti: dvé smlouvy budou na stavbu tuneli, jedna na hloubeni a zdsyp ryhy a jedna na prdce na pevniné. Proces prekvalifikace byl
zahdjen na podzim 2012 a v Ddnsku i v Némecku v soucasnosti probihd proces pldnovdni a schvalovdni. Vybérovd Fizeni na stavebni prdce
budou s ohledem na sloZitost projektu realizovdna formou jedndni s jednotlivymi konkurencnimi subjekty. Po fdzi jedndni zhotovitelé pred-
loZi zdvazné nabidky s cenami. Podpis ¢tyr smluv na doddvky stavebnich praci je napldnovdn na léto 2015. Tento Cldnek je zaméren na
néekteré technické vyzvy dané mimorddnou délkou tunelu.

ABSTRACT

The Danish Parliament decided in 2011 to develop a Plan Approval Design and a Tender Design for the immersed tunnel as the prefer-
red solution for the Fixed Link across Fehmarnbelt. This will form an important transport link between Scandinavia and Northern Europe.
The decision was based on a Conceptual Design prepared by the Ramboll-Arup-TEC JV and the design group has since then been develo-
ping the design further in cooperation with the Owner, Femern A/S. The Fehmarnbelt Tunnel connecting Germany and Scandinavia accom-
modates a four lane motorway and a double track railway. The tunnel is of unique scale and will set new records in terms of dimensions
with a subsea length of 18km, a width of 42m and foundation depths reaching more than 40m below sea level. The Fehmarnbelt tunnel will
consequently be by far the longest tunnel and one of the deepest tunnels of this type ever built. The tunnel civil works is planned to be ten-
dered in 2013 and will include four major contracts: two tunnel contracts, one dredging and reclamation contract and one contract for the
land works. The prequalification process started in autumn 2012 and the planning approval processes are underway in both Denmark and
Germany. The tenders for the civil works will, due to the complexity of the Project, be conducted by means of the competitive dialogue pro-
cedure. After the dialogue phase the contractors shall submit binding bids with prices specified. Signing of the four civil works contracts is
planned for summer 2015. The paper will focus on some of the technical challenges posed by the extraordinary length of the tunnel.

SPOJENI PRES FEHMARNOVU UZINU

Poté, co tunelové feSeni zvitézilo nad alternativou zaloZenou na
mostu, stala se morskd dZina Fehmarnbelt zndmou v tuneldrském
svete. To témér zastinilo rekordni parametry samotného projektu.
S délkou 18 km bude tunel témer trikrat delsi nez dosud nejdelsi rea-
lizovany plaveny tunel. Svého sourozence, @resundsky tunel, jehoZ
délka je pouhé 4 km, tak zcela zastini. Spole¢né s timto spojenim
vytvoif projekt dulezité silni¢ni a Zelezni¢ni dopravni spojeni mezi
severni Evropou a Skandindvii (obr. 1).

Pevné spojeni nahradi ¢tyfproudou délnici a dvoukolejnou Zelez-
niénf trati stavajici trajektovou dopravu, pficemz jeho trasa je vedena
téméf piimo o kus na vychod od trajektovych pristavu (obr. 2).
Celkova délka projektu je pfiblizné 25 km, nebot’ do ni spadd také
napojeni na stavajici silnice a Zeleznice. Pri rychlosti 110 km/h bude
motoristim prujezd tunelem trvat piiblizné 10 minut, zatimco vlaky
pri ndvrhové rychlosti Zeleznice 200 km/h své cestujici prepravi
z biehu na breh za sedm minut.

Prestoze financovani a odpovédnost za vystavbu a provoz spojeni
ponese Dansko, jednd se do velké miry o mezindrodni spoluprici
a procesy pldnovédni probihaji na obou strandch — v Ddnsku
i v Némecku. Za ucelem realizace projektu byla v Dénsku zaloZena
statni organizace Femern A/S a v dubnu 2009 bylo pro projektovan{
tunelové alternativy vybrdno sdruzeni firem Rambgll-Arup-TEC.
V tomto ¢lanku jsou shrnuty hlavni prvky projektového feSeni a je zde
uveden prehled dalich praci. Ctenfi, které zajimé piibéh souboje
mostni a tunelové varianty, mohou podrobnéjsi informace nalézt
v dalSich zdrojich [1]. Kromé plaveného tunelu byla rovnéz podrobné
zkoumdna moznost vystavby raZzeného tunelu, tato alternativa vSak
byla zamitnuta.

FEHMARNBELT LINK

By winning the competition against the bridge option, the
Fehmarnbelt has gained a certain notoriety within the tunnelling
fraternity. This has almost overshadowed the record-breaking natu-
re of the project itself. At a length of 18km, this will be almost
three times as long as the longest immersed tube tunnel (IMT) ever
built dwarfing its sibling, the @resund tunnel, which is a mere 4km.
Together with that link, this project will form an important conne-
ction for road and rail transport between Northern Europe and
Scandinavia (see Fig. 1).

The Fixed Link will replace the existing ferry connection with
a four lane motorway and a double track railway and runs on an
almost straight line just east of the existing ferry harbours (see Fig.
2). The total length of the overall project is about 25km when one
includes the connections to the existing roads and railway. With
a speed of 110km per hour, this will offer motorists a journey time
of approximately 10 minutes through the tunnel while for train pas-
sengers, the journey will take seven minutes from coast to coast.
The railway speed will be 200km per hour.

While Denmark will finance the link and is responsible for the
construction and future operation, this is very much an international
collaboration and the planning processes are underway in both
Denmark and Germany. A Danish state owned organization,
Femern A/S, has been established to deliver the project and in April
2009 the Rambgll-Arup-TEC Joint Venture was selected for the
design of the tunnel alternative. This article will recap on the sali-
ent elements of the design and the programme of the future work.
Those interested in the story of the competition between the bridge
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GEOLOGIE

Podobné jako u vSech tunelovych projekta byla velké
pozornost vénovédna geotechnickym pomérum. V tomto
pripadé bylo zapotrebi, aby tvodni geotechnické pru-
zkumy poskytly informace pro posouzeni mostni
i tunelové varianty. Prvni geotechnicky prazkum byl
v lokalité zahdjen v roce 1995 a s tim, jak se projekt
vyvijel, se zaméfoval na ruzné oblasti zdjmu. Hlavni
soucdsti programu byly nasledujici:

1. Geofyzikdlni prizkum pro popis prostorového

poruseni usazenin;

2. Vrty a penetracni zkousky (CPTU);

3. Pokrocilé laboratorni zkousky;

4. Geofyzikalni pruzkum zaméfeny na podrobné

informace pro projektovani a schvalovani (jak
z geotechnickych duvodu, tak z davodu ochrany
kulturniho dédictvi a zajisténi nevybuchlé munice);

5. Podélny profil morského dna ve vysokém rozliSenf;

6. Velké polni zkousky zvrdsnénych paleogennich

jila.

Toto podrobnéji popisuje Kammer a kol. [2].

Z provedenych pruzkumt byl vytvofen 3D model
geologie v daném tzemi. Geologie mofského dna v této
Zin€ mezi ostrovy Lolland a Fehmarn je tvorena smési
ledovcovych ndnost, vysoce plastickych paleogennich
jilG, jilu, pisku a Stérku. Tunel je umistén predev§im
v kvartérnich sedimentech a v tretihornich jilech, které
prekryvaji kridové formace (obr. 3). Jednim z nej-
zajimavéjSich souvrstvi pro projektanty je vSak zvrasné-
ny paleogenni jil. Jednd se o vysoce aZ velmi vysoce
plasticky jil, ktery Casto obsahuje vyznamny podil

smektitu. Tlak ledu ve Ctvrtohordch vyrazné narusil
vrchnich az 30 m tohoto souvrstvi, coz vedlo ke vzniku
rozmérnych vras. Vzhledem k tomu, Ze toto souvrstvi
bylo béhem své historie vyrazné prekonsolidovéno, jsou
obavy z bobtnaciho potenciélu pii odleheni v dusledku vyhlouben{
prikopu. Vysledky testu ve velkém méfitku ukazuji, Ze se jil ve sku-
teCnosti chova spiSe jako lehce prekonsolidovany material.

VLIV NA ZIVOTNi PROSTREDI

Kromé finanéni efektivity (z hlediska investi¢nich ndklada
a provoznich ndkladi po dobu Zivotnosti) a zajisténi silni¢niho
i Zelezni¢niho komunikac¢niho spojeni byla hlavnim kritériem tohoto
pevného spojeni minimalizace vlivu stavby na Zivotni prostiedi.
Plaveny tunel se nachdzi pod morskym dnem a mezi danskym
a némeckym pobiezim tak nevzniknou Zadné umélé ostrovy, jako
tomu bylo v pfipadé spojeni pres GZinu @resund. Diky tomu zistane
Fehmarnova uzina po celou dobu Zivotnosti a provozu projektu nedot-
Cena. Zvolené feseni vyuZzivajici plaveny tunel tedy zmirnilo vliv na
Zivotni prosttedi nasledujicimi zpusoby:

1. Stavba nemd Zadny viditelny dopad na Fehmarnovu tZinu, ¢fimZz

chrani cenné pfirodni zdroje a Zivotni prostredi.

2.Po dokonceni tunelu nebudou existovat zddna omezeni lodni

dopravy a nebude hrozit riziko kolize plavidel (plaveny tunel je
navrzen tak, aby odolal dopadu padajicich kotev a potopené nebo
uviznuté lodi).

3. Stavba nemd Z4dny nepfiznivy vliv na hlavni trasy migrace ptaku

v dané oblasti.

Projekt tunelu nemd také Zadny trvaly vliv na morské prostiedi.
Rekultivované ¢dsti pevniny na obou brezich vystupuji do more méne
neZ stavajici vinolamy trajektovych pristavu, takZe neovliviiuji vymeé-
nu vody Fehmarnovou dZinou mezi Baltskym a Severnim morem.
Hloubeni pifkopu pro plaveny tunel bude mit v prubéhu stavby
pochopitelné vyznamny vliv na okolni prostiedi, nastésti v§ak bylo
zjiténo, Ze moiska flora a fauna v této oblasti jsou vici tomuto vlivu
relativné necitlivé. Hloubenim prikopu dojde k premisténi vice neZ
15 miliont metra krychlovych zeminy. Pfedpoklddd se mechanické
hloubeni pomoci rypadel s hloubkovou lopatou, drapdakovych rypadel
nebo vle¢nych rypadel se saci ndsypkou (v nejhlubSich mistech),

oy

Obr. 1 Mapa kiiZeni F ehmarnovy iZiny
Fig. 1 Map of Fehmarn Belt crossing

and the tunnel options can find it described elsewhere [1]. The opti-
on of a bored tunnel instead of an immersed tube tunnel has also
been investigated in detail but it was rejected.

GEOLOGY

As in all tunnel projects, there has been a great focus on the pro-
perties of the ground. In this case the initial investigations had to
provide information for both the bridge and the tunnel options. The
first geotechnical site investigations began in 1995 and continued
in a programme with different focuses as the project developed.
The main components of the programme were as follows:

1. Geophysical investigations to characterise the spatial distribu-

tion of deposits;

2. Boreholes and CPTUs;

3. Advanced laboratory testing;

4. Geophysical investigations focussed on detailed knowledge
for the planning and approval process (both for geotechnical
reasons and also cultural heritage and unexploded ordnance);

5. A high resolution seabed elevation model;

6. Large scale tests on the folded Palaeogene clay.

This is described in more detail in Kammer et al [2].

From these investigations a 3D model of the geology was com-
piled. The geology of the seabed in this strait between Lolland and
Fehmarn consists of a mixture of glacial till, highly plastic paleo-
gene clays, clay, meltwater sand, sand till and gravel. The tunnel is
mainly located in these Quaternary deposits and Tertiary clays
which overlie Cretaceous Chalk (fig. 3). However, one of most
interesting strata for the designers is the folded Palacogene Clay.
This is a high to very high plasticity clay, often with significant
smectite content. Ice pressure in the Quaternary period heavily dis-
turbed the upper 10 to 30m of this strata, creating giant folds. Since
this strata has been heavily overconsolidated during its history, one
concern is its swelling potential during the unloading caused by the
excavation of the trench. Results from the large scale tests suggest
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Obr. 2 Umélecké ztvdrneni tunelu
Fig. 2 An artistic impression of the tunnel

nebot’ ztraty prepadem jsou v porovnani se sacimi rypadly niz§i. Tim
se zdroven sniZuje nepriznivy vliv na kvalitu vody.

PLAVENY TUNEL

Koncept predpoklddd plaveny tunel tvoreny standardnimi prvky, kte-
rych je celkem 79 a jeZz maji vSechny shodny tvar a prostorové uspord-
dani, a specidlnimi prvky, ve kterych jsou umistény technologické mist-
nosti, jak je popséno ddle. Kazdy z téchto standardnich prvka méd délku
priblizné 217 m, $itku 42 m a vysku 9 m. Hmotnost jednoho prvku se
pohybuje kolem 76 000 tun. Prvky jsou tvofeny 9 segmenty o délce
24 m, které jsou oddéleny dilataénimi sparami s pryZo-kovovymi vodo-
tésnymi uzavéry. Zelezobetonové segmenty budou betonovany indivi-
dudlné a ndsledné spojovdny a predpindny do jednoho celku, ktery bude
moci byt nadndsen vodou. Tyto celky bude mozné po vodotésném uza-
vieni el transportovat na misto ur¢eni. Uprostied kazdého prvku se
v prostoru nad vozovkou nachdzi nika, do které 1ze instalovat ventilato-
ry. Vodotésnost spojui mezi jednotlivymi prvky zajisti specidlni pryZové
tésnéni (napr. profily GINA a Omega). Findlni prostorové usporadani
a poCet prvku stanovi tym vitézného zhotovitele ve fézi podrobného
projektu na zdklade smlouvy o projektu a vystavbe.

22. rocnik - €. 3/2013

that the clay actually behaves more like a lightly overconsolidated
material.

ENVIRONMENTAL IMPACT

Along with cost efficiency (in terms of both capital and whole-
life costings) and the provision of both a road and rail crossing,
minimizing the environmental impact was a key design criterion
for the fixed link. The IMT lies below the seabed and there will be
no intermediate artificial islands in between the Danish and
German shore, unlike the @resund crossing. This leaves the
Fehmarn Belt untouched during the operational lifetime of the pro-

ject. Hence this IMT option has minimized the environmental

impact in the following ways:

1. There is no visual impact on the Fehmarn Belt, preserving
valuable nature and the environment,

2. There are no restrictions to ship traffic after completion of the
tunnel project and there is no risk for a ship collision (the IMT
is designed to withstand impact from falling anchors and
a sinking or stranded ship)

3. There is no adverse impact on the major bird migration routes
in the area.

Nor does the design of the tunnel does have any permanent
effects on the marine environment. The reclaimed land areas near
both shores protrude into the sea less than the existing breakwaters
of the ferry harbours, ensuring that the water exchange between the
Baltic Sea and the North Sea through the Fehmarn Belt is unaffec-
ted. Of course, the dredging of the trench for the IMT has a large
impact on the environment during the construction period but for-
tunately it has been concluded that the marine flora and fauna in
this area are relatively insensitive to this impact. The dredging ope-
ration will move more than 15 million cubic metres of soil.
Mechanical dredging by Backhoe Dredgers, Grab Dredgers or
Trailing Suction Hopper Dredgers, in the deepest layers, has been
foreseen because spillage is less compared to hydraulic dredging.
Thereby the impact on the water quality is reduced.

IMMERSED TUBE TUNNEL

The Conceptual Design envisages an IMT consisting of standard
elements, of which there are 79 in total, all with an identical form

south / jih
Fehmarn

panevni usazeninny
basin deposits

paleogenni jil — palaeogene clay

north / sever
Lolland

svrchni till
upper till

pisek usazeny pfi tani
meltwater sand

paleogenni jil

S

v ,

~ zvrasnény paleogenni

postglacialni pisek . o e | spodni till postglaciaini pisek palaeogene clay
posigaci o e Tuerol posgaclsand .
| 0

-50

i —
_folded palaeogene clay—— - zvrasnény paleogenniji
VRl folded-palaeogene clay 100
~ paleogennij R
palaeogene clay paleogenni i 4 150
~ palaeogene clay -
£ - L
km 10 15 20 25 30

Obr. 3 Podélny geologicky profil
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and layout, and special elements, which house mecha-
nical and electrical (M&E) plant rooms, as described
later. Each of these standard elements is approximately
217m long, 42m wide and 9m high. One element
weighs around 76,000tons. The elements consist of 9
segments, 24m long separated by contraction joints
with a rubber-metal water-stop. The reinforced concre-
te segments will be cast individually and then joined
together and pre-stressed to form one unit, which can
be floated and transported after the elements have been
sealed by bulkheads at either end. In the middle of
every element a niche is placed above the road to allow
space for the ventilation jet fans. Special rubber seals
(e.g. GINA and Omega profiles) between the elements
ensure a watertight connection. The final layout and
number of elements will be fixed by the winning con-
tractor team during the detailing of the project, under
a design and build contract.

The production of so many and such large IMT ele-
ments present a significant logistical challenge. The
elements will use about 2.6 million m3 of concrete. At
this moment, it is envisaged that the elements will be
produced in a purpose-built production facility at
Rgdbyhavn in Lolland, which may be similar to the one
used for the @resund IMT. This minimizes the influen-
ce of the weather on the production process. To meet
the programme, the standard elements will be produced
in parallel on 8 production lines. Roughly every 1.5
weeks an element will be delivered for transport and
immersion over a period of more than 2.5 years.

The tunnel contains two road tubes, two rail tubes,

Obr. 4 Specidlni prvek (autor ndkresu: Wilkinson Eyre)
Fig. 4 The special element (image by Wilkinson Eyre)

Vyroba takového poctu velkych prvka plaveného tunelu pred-
stavuje velkou logistickou vyzvu. Na vyrobu prvku bude pouZi-
to priblizné 2,6 milionu m3 betonu. V soudasnosti se predpokld-
dd, Ze prvky budou vyrdbény v za timto G¢elem vybudovaném
zavodé€ ve mésté Rgdbyhavn na ostrové Lolland, ktery muZe byt
podobny zdvodu, jenz byl vyuzit pti vystavbé plaveného tunelu
v 0ziné @resund. Tim se minimalizuje vliv poCasi na proces
vyroby. Kvuli splnéni harmonogramu budou standardni prvky
vyrdbény soubézné na 8 vyrobnich linkach. Priblizné kazdého
1,5 tydne bude jeden prvek pripraven k dopravé a plaveni, a to
po dobu vice nez 2,5 let.

Tunel je tvoren dvéma silni¢nimi tubusy, dvéma Zelezni¢nimi
tubusy a centrdlni Stolou, kterd je rozdélena na tfi trovné. Ve
spodni ¢dsti se nachdzeji drendzni trubky a vodovodni potrubi
pro napajeni hydrantu a protipoZdrniho systému. Stfedni droven
se nachézi ve stejné vysce jako vozovka a muze slouZit jak pro
pracovniky udrzby, tak jako bezpecnostni a unikovy prostor.
V horni ¢dsti se nachdzi technologickd $tola, kde jsou rozmisté-
ny panely elektroinstalace a sité vedouci od specidlnich prvka
k provoznim systémum v tunelu.

and a central gallery, which is divided into three levels.

The lower level houses the drainage pipes and water

supply lines for hydrants and the fire protection system.
The middle level is at the same height as the road and can be
used both for maintenance personnel as well as a safety zone.
The upper level is a service gallery where electrical panels are
placed and utility lines run from the special elements to the ope-
rating systems in the tunnel.

TECHNICAL INNOVATIONS

There are many aspects worthy of discussion but, in the limi-
ted space available here, a couple of the more unusual ones will
be described.

Special elements in the IMT

In addition to the standard elements, the immersed tunnel will
have a total of 10 special elements that are installed at regular
intervals (approximately every 1.8km) between the standard
elements. Each of these special elements is 39m long, 47m wide
and 13m high (see Fig. 4).

The elements contain two levels: the road/rail deck level and
the lower installations level. The installations level offers space
for all necessary utility facilities and the mechanical and electri-
cal tunnel operating systems like;

= oo==

——

Obr. 5 Koncepce vetrdni v pripadé poZdru
Fig. 5 Ventilation concept in fire situation




Obr. 6 Pohyblivé svételné obrazy
Fig. 6 Moving light images

TECHNICKE INOVACE

Existuje fada aspektu, které si zaslouzi zminku, vzhledem k ome-
zenému prostoru tohoto ¢lanku vSak budou popsdny pouze ty méné
obvykIé.

Specialni prvky v plaveném tunelu

Kromé standardnich prvku bude plaveny tunel obsahovat také cel-
kem 10 specidlnich prvku, které budou v pravidelnych intervalech
(priblizne kazdych 1,8 km) instalovany mezi standardni prvky. Tyto
specidlni prvky maji délku 39 m, §itku 47 m a vysku 13 m
(obr. 4). Obsahuji dvé drovné: droven vozovky/zelezni¢niho svrsku
a spodni droven pro technologie. Na technologické drovni se nachéazi
prostor pro viechny nezbytné rozvody, strojni a elektrickd zarizen{ pro
provoz tunelu, jako jsou:

e jimky (pro silni¢ni i Zelezni¢ni tubus),

e Cerpaci stanice (pro jimkKy, protipoZarni systém a hydranty),

e elektrické napdjent,

e plynovy hasici systém,

e vétrani,

e drendZnf systém,

* topeni a chlazeni,

e dalsi technické prostory.

Pocet specidlnich prvkd je ddn nutnosti transformace napéjeni
z rozvodné sit€ na nizkonapétovou tdroven po kazdych 1800 m.
Kromé toho specidlni prvky poskytuji fadu dalsich vyhod, jako napii-
klad:

e moznost parkovdni v odstavném pruhu pro vozidla udrzby

z Danska,

e transformatory, které Ize vymenit z trovné vozovky,

e pristup ke strojnim a elektrickym zafizenim bez naruseni provozu,

* spodni pii¢ny pruchod s pristupem do podélné 3toly a do kazdé-
ho silni¢niho i Zelezni¢niho tubusu.

V prostoru Fehmarnovy uziny se nachdzeji suché doky o do-
state¢nych rozmerech (12,5 aZ 13 m) na to, aby splnily pozadavky na
vyrobu specidlnich prvku s ohledem na jejich vnéj§i rozméry.

Existuji dva postupy vystavby, které jsou povazovany za vhodné
pro vyrobu specidlnich prvku: betonova konstrukce a sendvi¢ové kon-
strukce.

Betonova konstrukce

Proces vyroby specidlniho prvku jako betonové konstrukce zahrnu-
je betonaz prvkua ve stévajicim suchém doku. Dno doku se nachdzi
pod hladinou more, coZ umoznuje nadneseni prvku poté, co je prostor
doku po dokonleni vyroby prvki zaplaven vodou. Po otevieni doku
bude prvek odtazen ke stdvajici pobrezni hrdzi, aby bylo mozné
provést dokoncovaci prace. Nasledné bude odtazen na misto urcent,
kde bude ponoren do prikopu a uloZen. Pokud nastane situace, Ze

e Sumps (for both road and rail tubes),

e Pump rooms (for sumps and the fire suppression system and

hydrants),

* Power supply,

* Gaseous suppression,

e Ventilation,

* Drainage system,

e Heating and cooling,

* Other technical rooms.

The number of special elements derives from the need to trans-
form the grid power supply to a lower voltage every 1800m. In
addition, the special elements provide a number of other advanta-
ges, such as:

* Parking access in a layby for maintenance vehicles from

Denmark,

* Transformers which can be replaced from road level,

e Access to the mechanical and electrical equipment without

interfering with traffic,

A transverse underpass with access to the longitudinal gallery,

each road tube and rail tube.

In the area of Fehmarn Belt it is possible to find dry docks which
provide sufficient draught (12.5 to 13m) and fulfill the require-
ments necessary to accommodate the outer dimensions of the spe-
cial elements.

There are two construction methods that are thought to be sui-
table for production of the special elements: the concrete structure
and the sandwich structure.

Cconcrete Structure

The production process for the special element as a concrete
structure comprises the casting of the elements in an existing dry
dock. The dock floor is below sea level allowing the element to
float when the basin is filled after construction of the elements.
After opening of the dock the element is towed to an existing quay
location for final finishing works before it is towed out to the site
where it will be immersed in the tunnel trench. If the special ele-
ment arrives at the immersion location before the immersion date
it is temporarily moored near the site.

Sandwich Structure

The sandwich structure for the special elements would be
a double walled steel box structure which would be filled with
concrete. The construction process can be split into two different
sub-processes, namely (one) the construction of the steel box and
(two) the filling process of the box with concrete. The waterproo-
fing of the element is provided by the steel outer casing of the
sandwich structure.
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specidlni prvek dorazi na misto ponofeni pred uréenym datem, bude
docasné pripoutdn v blizkosti svého uloZeni.

Sendvi¢ova konstrukce

Sendvi¢ovd konstrukce specidlnich prvka je dvoupldstova ocelova
krabicovd konstrukce, kterd je vyplnéna betonem. Proces realizace lze
rozdélit na dva odlisné dil¢i procesy, zaprvé zhotoveni ocelové kon-
strukce a zadruhé proces vyplnéni konstrukce betonem. Vodotésnost
prvku je zajiSténa vnejsim ocelovym pldstém sendvi¢ové konstrukce.

Ocelovy pldst sendvicové konstrukce miZe byt vyroben kdekoliv
na svete. Je tieba zohlednit ndklady na vyrobu a naklady na dopravu.
Rozméry plastl jsou v limitech modernich velkoobjemovych preprav,
coz &ini prepravu na velké vzdélenosti technicky proveditelnou.
Nejvetsi zafizeni na vyrobu lodi se v soucasnosti nachdzeji na Dalném
vychodé — v Ciné a v Jizni Koreji. Alternativné mohou byt ocelové
plasté vyrabény nebo spojovany v lodénicich v blizkosti mista reali-
zace projektu. Ndklady na provedeni mohou byt vyssi, sniz{ se vSak
néklady na prepravu.

Projekt vétrani a bezpetnost

Vétréni je navrzeno jako podéIné, coz oproti systémum s piicnym
vétranim vyznamné sniZzuje pozadovany prufez. Koncepce podélného
vétrani rovnéZ eliminuje jakoukoliv moZnou potrebu stredového ost-
rova pro umisténi vydechu, coZ ve svém dusledku sniZuje rizika pro
plavbu dZzinou, vliv na Zivotni prostiedi i naklady na realizaci projek-
tu. Koncept byl vytvoren po pe¢livém zvazeni skute¢ného poctu vozi-
del ocekdvaného v roce otevrent (ktery je relativné nizky), predpokla-
daného nérustu intenzity dopravy v nésledujicich letech a sniZzovani
emis{ osobnich automobilt v nadchézejicich letech v dusledku tech-
nologického pokroku. Sofistikované modely vétrani prokazaly, Ze
systém je za normdlnich provoznich podminek schopen udrZet
v tunelu podminky pod mezindrodné uznavanymi prahovymi hodno-
tami po celou dobu Zivotnosti tunelu. Pfi plynulé dopravé je vétran{
tunelu ve skute¢nosti samocinné diky pistovému efektu.

V pripadé pozéru v silni¢nim tunelu bude doprava pred ohniskem
poZéru zastavena, zatimco vozidla za poZirem budou pokraCovat
v jizd€ ven z tunelu vyrazné vyssi rychlosti, nez jakou se bude pohy-
bovat vrstva koure (obr. 5). Pred ohniskem poZéru (proti sméru jizdy)
bude tunel bez koufe diky zajisténi minimalni kritické rychlosti prou-
déni vzduchu pomoci ventildtora, ¢fmZ se zabrani $ifeni koufe proti
sméru jizdy. Posddky vozidel stojicich pred ohniskem poZaru se
mohou evakuovat do vedlejsi stredové Stoly a do druhého silni¢niho
tunelu dnikovymi dvefmi, jeZ budou rozmistény ve vzdélenostech
priblizné 100 m. Krétké rozestupy mezi unikovymi dvefmi zvySuji
moznosti sebezdchrany.

Strop a stény tunelu budou opatfeny pasivnim protipoZarnim systé-
mem. Pro dal3f zajiStén{ ochrany majetku a pro celkové zvyseni bez-
pecnosti se predpoklddd instalace systému pro vytvoreni protipoZarni
vodni clony. Systém navic zajisti, Ze pripadny pozar bude udrZen pod
kontrolou do prijezdu zachrannych slozek.

Normdlni provoz i provoz v nouzovych situacich bude 24 hodin
denné fizen z velina umisténého u portalu na danské strané a v pripadeé
potieby z podruzného velina vzddleného od primédrniho zarizeni. Dals{
bezpeCnostni opatfeni, jako je odstavny pruh, systém pro automatickou
detekci nehod ¢i pokryti celé délky tunelu kamerovym systémem
(CCTV) prispéji k dalsimu zvySeni bezpenosti a v jejich dusledku
bude bezpecnost provozu v tunelu vyssi, nez na bézné dalnici.

Velkd pozornost byla vénovana analyze vnimani a komfortu fidicu.
Proto byly v koncepénim projektu jako volitelné polozky zahrnuty
pohyblivé svételné obrazce ¢i systém portdld s barevnymi svétly.
Obrazy budou promitdny na stény tunelu a svételné portdly pomohou
fidi¢im udrZet pozornost a prispéji k pocitu ubihéni cesty v pribéhu
desetiminutové jizdy tunelem (obr. 6).

HARMONOGRAM

Projektovy tym v soucasnosti dokoncuje koncepcni ndvrh
a dokumentaci pro schvdleni projektu. Podle planu by méla byt ve
druhé poloviné roku 2013 vydéna zaddvaci dokumentace pro vybéro-
vd fizeni na vystavbu (design and build). Findlni schvdleni déanskymi
a némeckymi trady se ofekdva na prelomu let 2014 a 2015. Proces
vybérového fizeni je koncipovén jako dvoustupnovy jednaci proces.
Vystavba by mela byt podle harmonogramu zahdjena v roce 2015
a tunel by mél byt pro verejnost otevien koncem roku 2021.

TuHel

The steel casing of the sandwich structure can be fabricated any-
where in the world. However, there is a balance between construc-
tion costs and transportation costs. The dimensions of the casing
are within the limits of modern bulk carriers which makes transport
over long distances technically feasible. The largest production
facilities for ships are currently situated in the far east, in China
and South Korea. As an alternative, the steel casing can also be
constructed or connected at ship yards close to the project location,
the construction costs may be higher but the transportation costs
will be less.

Ventilation desigh and safety

The ventilation is designed as a longitudinal system, which sig-
nificantly reduces the cross-section needed in comparison to
a design with transverse ventilation. The longitudinal ventilation
concept also eliminates any possible need of an intermediate ven-
tilation island, which in turn reduces the navigational risk in the
strait, the environmental impact and the cost of the project. The
concept was developed by careful consideration of actual number
of vehicles expected in the opening year (which is relatively low),
the expected traffic growth in the coming years and the reduction
in car emissions over the coming years, due to the improvement in
technology. Sophisticated ventilation modelling has demonstrated
that the system is capable of keeping conditions in the tunnel
below internationally recognized threshold values throughout the
whole lifetime of the tunnel under normal operating conditions.
Actually the tunnel is self-ventilating by piston effect as long as
traffic is free flowing.

In the event of a fire in the road tunnel, the traffic behind the fire
will stop but the vehicles in front of the fire will continue to drive
out of the tunnel, driving considerably faster than the flowing
smoke layer (Fig. 5). Upstream of the fire the tunnel will be kept
smoke free by maintaining a minimum critical air velocity with the
fans, thereby preventing back-layering of smoke. The people of the
stopped vehicles upstream of the fire may evacuate into the adja-
cent central gallery and the other road tube, via escape doors spa-
ced at intervals of about 100m. The short distance between the
escape doors improves the capability for self-rescue.

The tunnel roof and walls are provided with a passive fire pro-
tection system. To further provide asset protection and improve
safety in general the installation of a deluge system is foreseen.
The system shall furthermore ensure that fire incidents will be kept
under control prior to the arrival of the emergency services.

Both the normal and emergency operations will be controlled 24
hours a day by the Danish portal control room and, if necessary,
a secondary control room remote from the primary facility. Other
safety provisions such as the emergency lane, an automatic inci-
dent detection system and CCTV coverage throughout the tunnel
will further improve life safety making the tunnel safer than an
ordinary motorway.

The driver’s perception and comfort have been analyzed in great
detail and in the Conceptual Design moving light images as well as
a system of coloured light portals have been introduced as an opti-
on. The images to be projected on the tunnel walls and the light
portals will help maintain driver awareness and interest and deve-
lop a sense of progression through the tunnel during the 10 minu-
te journey (Fig. 6).

PROGRAMME

Currently the design team is finalizing the Conceptual Design
and the Plan Approval documentation. The intention is to issue the
tender documents for the design and build contracts in the second
half of 2013. Final approval by the Danish and German authorities
is expected at the turn of 2014-15. The tendering process involves
a two phase competitive dialogue process. Construction is schedu-
led to commence 2015 and the tunnel to open for traffic late 2021.

Work on this 5.5 billion Euro (2008 prices) mega-project com-
prises four major civil works contracts, as follows [3]:
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Préce na tomto velkolepém projektu s cenou 5,5 miliard eur (ceno- 1 Tunnel Dredging and Reclamation

va droven 2008) zahrnuji ¢tyfi hlavni smluvni ¢4sti na stavebni prace, The contractor will dredge an 18km long and 12-15m deep

jez budou rozdéleny ndsledovné [3]: trench in Fehmarn Belt to contain the tunnel. The excavation mate-

1 Hloubeni a zasypani pfikopu pro ulozeni tunelu rial of the trench, approximately 15 million cubic meters, will be
Zhotovitel ve Fehmarnové uZiné vyhloubi 18 km dlouhy a 12-15m | used for new land areas, primarily off the coast of Lolland and to
hluboky prikop, do n¢hoz bude tunel ulozen. Materidl z vyhloubené¢ho a lesser extent, Fehmarn. The contract also includes other major

prikopu, pfiblizné 15 mil. m?, bude pouZit na rozsifeni pevniny, a to
primdme u pobfezi ostrova Lolland a v mensi mife u ostrova
Fehmarn. Tato ¢ést rovnéZ zahrnuje dalsi vyznamné bagrovaci prace,

dredging tasks, such as the harbour basin, which will be part of the
site for production of the tunnel elements in Rgdbyhavn.

jako jsou pristavni bazény, jeZ budou souldsti zatizeni pro vyrobu 2 Tunnel North

tunelovych prvku v Rgdbyhavnu. The contractor will be responsible for the Northern half of the

2 Severni ¢ast tunelu immersed tunnel and thus half of the production site for the tunnel
Zhotovitel bude odpovédny za severni polovinu plaveného tunelu, | elements in Rgdbyhavn. The contractor shall produce, transport,

a tudiz za polovinu zdvodu na vyrobu tunelovych prvki v Rgdbyhavnu. immerse and backfill half of the tunnel elements, which will com-

Zhotovitel vyrobi, zajisti pfepravu, naplaveni a zasypani poloviny tune- prise of approximately 40 standard and five special elements. This

lovych prvku, coz piedstavuje priblizné 40 standardnich a pét specidl- corresponds to around 9km of the tunnel.

nich prvku. To odpovida priblizné 9 km tunelu.

3 Tunnel South
3 Jizni ast tunelu

Tato &ést k duie s & i obsaenvmi ¢ st ol This contract mirrors and matches the tasks contained in the con-
ato cast koresponduje s CINNOStmI o sazeny/mvl/v severni casti pla- tract for the Northern section of the immersed tunnel. The tunnel is

veného tunelu. Tunel je rozdélen na dvé stejné Cdsti, aby co nejvice .. . . . .
J J Y ! divided into equal parts in order to attract as many bids as possib-

dodavateli podalo své nabidky, a tim byla podpofena konkurence o ) o .
v oblasti ndkladd a zptisobu vystavby. le and so encourage competition in both price and method.

4 Tunelové portaly a rampy 4 Tunnel Portal and Ramps

Zhotovitel vybuduje dva tunelové portaly a hloubené tunely na pev- The contractor will build the two tunnel portals and the cut-and-
niné, tj. tunelové tseky mezi plavenym tunelem a rampami na némec- cover tunnels on land, i.e. the tunnel sections between the IMT and
ké i ddnské stran¢. Tato ¢ést rovnéZ zahrnuje rampy a napojeni na sté- the ramps in both Germany and Denmark. The contract also covers
vajici dopravn{ infrastrukturu na pevniné a ddle vSechny dokon€ova- | the ramps and connections to the existing traffic facilities on land
cf préce, jako jsou povrchy vozovek, zvySené bariéry a obloZeni stén as well as all finishing works such as road surface, step barriers and

v celém tunelu.

Kromé téchto ¢tyf smluvnich ¢dsti spole¢nost Femern A/S v dalsi
fdzi vypiSe vyberovd fizeni na realizaci tratového svriku a instalace
technologii. V blizké budoucnosti budou rovnéz vypséany dalsi vybe-
rova fizeni na pfipravné ¢innosti zahrnujici ivodni préce.

wall cladding throughout the tunnel.

In addition to these four contracts, Femern A/S will invite ten-
ders relating to railway construction and technical installations in
general at a later stage. Additional contracts for the “Advanced
Activities” covering the enabling works will be released soon.

ZAVERECNE POZNAMKY

Projekt Fehmarnbelt vstupuje ve svém vyvoji do zajimavé faze, CONCLUDING REMARKS

nebot’ se blizi termin vydéani zaddvaci dokumentace. Z tuneldrského The Fehmarnbelt project is entering an exciting phase in its
hlediska tento projekt urazil velky kus cesty — v dob¢ prvni studie pro- development with the issue of tender documents imminent. From
veditelnosti v roce 1996 ddval mélokdo varianté plaveného tunelu the point of view of tunnellers, this project has come a long way

Sanci v porovnan{ s mostni variantou. Tato situace se zménila diky
sérii vyznamnych konstrukénich inovaci, zejména diky prechodu na
podélné vétran{ a pouziti specidlnich prvka pro umisténi technologic-
kych zafizeni. Tym zabyvajici se mostni variantou musel navic Celit
prisnéj§im poZadavkim na bezpe&nost ndmoini plavby a na dostup-
nost tohoto komunika¢niho spojeni, coZ se negativné odrazilo

since the first feasibility study was done in 1996, when few people
would have given an immersed tunnel option much chance in com-
parison with a bridge solution. A series of major design innovati-
ons reversed this situation, notably the shift to longitudinal venti-
lation and the use of special elements to house the M&E plant

v celkovych nakladech na jejich projekt. rooms. Moreover the bridge team had to face stricter requirement
Projektovy tym nyni stoji na prahu zahdjeni procesu vybérového on navigational safety and availability of the link which in turn had

fizeni na vystavbu nejdel§iho plaveného tunelu na svété a vy- a negative influence on their project costs.

znamného projektu, ktery vytvori daleZité propojeni evropské doprav- Now the project team stands on the verge of commencing the

nf sité. tendering process for what will be the world’s longest immersed

SUSANNE K. PEDERSEN, skp@ramboll.dk, tl.lbe 'tunnel and a mega project which will complete an important
ANTONIUS J. H. HEMEL, ajhh@ramboll.dk, link in the European transport network.
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JAK UCELNE ALOKOVAT RIZIKO NEPREDVIDATELNYCH FYZIKALNICH
PODMINEK U PODZEMNICH STAVEB?

HOW TO EFFICIENTLY ALLOCATE THE RISK OF UNFORESEEABLE
PHYSICAL CONDITIONS IN UNDERGROUND CONSTRUCTION?

LUKAS KLEE, DAVID HRUSKA

ABSTRAKT

Ucelné prirazeni rizika nepredvidatelnych fyzikdlnich podminek jednotlivim vicastnikiim vystavbového projektu je zdkladnim predpo-
kladem ovlddnuti rizik v podzemnim stavitelstvi. Ac¢koli na zdklade zkuSenosti se lze podvédomé Fidit v podzemnim stavitelstvi tradicni-
mi zdsadami, jako ,,hora patri investorovi“ nebo , riziko md nést ta strana, kterd je schopna ho nejucinnéji ovlddat“, nepriznivé ndsled-
ky nebezpedi nepredvidatelnych fyzikdlnich podminek nesou pri pouZiti jednotlivych typi vystavbovych projekti zhotovitel a objednatel
riiznym zpusobem, casto je toto riziko sdilené. Jak se s alokaci rizika nepredvidatelnych fyzikdlnich podminek vyrovndvaji standardizo-
vané smluvni podminky FIDIC, nejpopuldrnéjsi vzorové smluvni dokumenty na svété? Jak je alokovdno riziko nepredvidatelnych fyzi-
kdlnich podminek podle cervené, Zluté a stribrné knihy FIDIC? Jaké smluvni mechanismy lze vyuZit pri vyskytu nebezpeci nepredvida-
telnych fyzikdlnich podminek? Jak zmirnit nepriznivé ndsledky tohoto nebezpedi a jak je ohodnotit? Jaké jsou obvyklé ndroky uicastniku
vystavbovych projekti, co se tyce predevsim ceny dila a lhity pro dokonceni vystavby? Takovd a souvisejici témata jsou hlavni ndplni
tohoto cldnku.

ABSTRACT

The efficient allocation of the risk of unforeseeable physical conditions to the participants of construction project is the basic presumption
of risk control in underground construction. Although based on experience, the sayings like “the ground belongs to the Employer” or “risk
should be allocated to the party best able to manage it” can be instinctively followed in the underground construction, the adverse consequ-
ences of the hazard ascribable to unforeseeable physical conditions bear both the Contractor and the Employer in different ways, frequently
the risk is shared. How is the risk of unforeseeable physical conditions dealt with under the standardized FIDIC conditions of contract, the
most popular construction sample contract terms worldwide? How is the risk of unforeseeable physical conditions allocated under the Red,
Yellow and Silver Book of FIDIC? Which contractual mechanisms can be used after occurrence of unforeseeable physical conditions? How
to mitigate the adverse consequences of this hazard and how to evaluate it? Which are the claims raised usually by construction projects par-

ticipants mainly in terms of contract price and time for completion? These and related topics are the main content of this article.

1 NEBEZPECI A RIZIKA VYSTAVBY V PODZEMI

Vystavba v podzemi se nepochybné odliSuje od ostatnich
druht vystavby. Fyzikdlni prostiedi, ve kterém se stavba realizu-
je, je raznorodé a pred provddénim stavby jen omezené pozna-
telné. Kone¢nou podobu podzemniho dila definitivné uréuje az
vysledek vzdjemné symbidzy prirodniho a lidského faktoru.
Smlouvy o vystavbé v podzemi se z téchto duvodu museji vyrov-
nat s vysSi mirou rizika, které nelze nikdy zcela vyloucit.

Mezi hlavni nebezpedi pfi vystavbe tunelu se radi [1]:

e ztrdta stability tunelového portdlu, zficeni portdlu,

e ziiceni stropu (horninové klenby) tunelu na Celbe, jejimz

dusledkem muze byt:

— nadmérny nadvylom,

— zriceni klenby tunelu a vykominovani nadlozi tunelu az
na povrch,

e vypadnuti ¢elby na tunelu, nizk4 stabilita ¢ela tunelu,

e rust i jind nestabilita dna tunelu, zabofovani osténi do

mékkého podlozi,

e nadmérny rust konvergenci — svirdni profilu tunelu, defor-

mace primérniho osténi,

e nadmérny pritok podzemni vody do tunelu,

e ndhly praval vody, bahna, tekutého pisku do tunelu,

e vyron nebezpednych plyna ¢i radiace do tunelu:

— metan,
— zemni plyn z poruSeného potrubi,
- COy,

e vyskyt bludnych prouda,

e nadmérné poklesy povrchu nad tunelem a jejich vliv na

nadzemnfi zdstavbu a inzenyrské sité,

1 HAZARDS AND RISKS IN UNDERGROUND
CONSTRUCTION

Underground constructions evidently differ from their counter-
parts of other construction types. The physical environment in
which the construction takes place is diverse and recognizable to
a limited extent only before the project implementation. The final
look of underground construction will only result from the mutual
symbiosis between natural and human factors. The underground
construction contracts must therefore reckon with a higher level of
risk that can never be fully eliminated.

The following ranks itself among the main tunnel construction
hazards [1]:

¢ loss of tunnel face stability, portal collapse,

e collapse of tunnel ceiling (ground arch) at the heading, resul-

ting potentially in:

— excessive overbreak,

— ground arch collapse and chimney caving of overburden up
to the surface,

e face fall-out on tunnel, low stability of tunnel face,

e tunnel bottom growth or other its instability, lining pervasion

into soft subsoil,

e excessive growth of convergences — tunnel profile squeezing,

primary lining deformations,

e excessive ground water inflow into the tunnel,

¢ sudden water/mud/runny sand breakthrough into the tunnel,

 dangerous gas or radiation burst into the tunnel:

— methane,
— natural gas from ruptured piping,
- CO,,
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* strzeni, zni¢eni prament vody v okol{ tunelu,

e poskozeni a zneciSténi vodote¢i v blizkosti tunelu vypou-
S§ténou dulni vodou, kterd miZe mit vyrazné zménény che-
mismus (vyluhy z betonu),

e Skody zpusobené tlakovymi injektdZemi pii zpevnovan{
horninového masivu nebo injektdZi kotev (poSkozeni inZe-
nyrskych siti, zvednuti povrchu),

e nevhodné zvolend a provedend izolace tunelu a zatékani do
tunelu.

1.1 Provadéci kodex fizeni rizik tunelovych dél (,Code of
Practise for Risk Management of Tunnel Works*)

Prvnim ndrodnim ucelenym dokumentem, ktery se zabyvd
stanovenim, kontrolou a fizenim vy$e jmenovanych nebezpe¢i
je The Joint Code of Practise for Risk Management of Tunnel
Works in the UK, vydany britskou tuneldrskou spolenosti
(BTS) v zéii 2003. Duvodem vzniku kodexu byly nékteré velké
pojistné uddlosti (viz Pozn. 1), zejména kolaps pfi vystavbeé
rychlodrdhy ,,Heatrow Express Rail Link® (viz Pozn. 2), které
znamenaly pro zajiStovny velké ztraty. Na néj pak navézal
dokument s ambici mezindrodni pusobnosti A Code of Practise
for Risk Management of Tunnel Works, vypracovany
Mezindrodni skupinou pro poji§tovani tuneli (International
Tunnelling Insurance Group) v lednu 2006. Ackoli pouziti
téchto kodexu neni vynutitelné, kodexy obsahuji nékteré dule-
7ité zdsady, které se snazi prinutit v8echny zdcastnéné strany
vystavby k metodickému pristupu k identifikaci, fizeni, ovlad-
nuti a eliminaci rizik.

Mezi zédkladni zdsady kodexu patii:

* Pozadovani predloZeni tzv. registru rizik. Registr rizik je
otevieny dokument (je moZzné a Zddouci ho v prubéhu
vystavby neustdle dopliovat), ktery jasné definuje, komu
riziko patfi, jak je riziko fizeno a zmenSovéano. Registr rizik
je soucdsti systému kontroly kvality a jakosti a jako takovy
podléhd nezdvislému auditu.

e Pouzivani  standardnich
a technickych standardu.

e Smlouva by méla obsahovat klauzuli o pridéleni ¢i sdile-
ni rizika spojeného s geologii ¢i nepredvidatelnymi fyzi-
kélnimi podminkami.

e Smlouva by méla obsahovat ustanoveni upravujici proces
geomonitoringu.

* Ustanoveni umoznujici provadét zmény a umoznujici hod-
notové inZenyrstvi (value engineering).

e Zadavatelé musi mit dostate¢nou znalost problematiky
fizeni rizika geologickych podminek pro razbu. Pokud
touto znalosti zadavatel nedisponuje u vlastnich pracovni-
ku, je jeho povinnosti si najmout konzultanty &i dodavate-
le, ktef{ tento pozadavek spliuji.

e Zadavatel méa povinnost investovat dostate¢né prostred-
ky do geologickych, hydrogeologickych a geomorfolo-
gickych pruzkumu tak, aby uchazedum umoZznil ocenit
nabidku se zohlednénim znalosti o riziku geologickych
podminek pro razbu.

e Povinnosti zadavatelt je rovnéZ mit v pfipravné fazi dosta-
tecné financ¢ni a ¢asové zdroje.

Pokud vySe uvedené pozadavky nejsou splnény, muZe byt

pojisténi odmitnuto. To znamend prekdzku zahdjeni projektu.

1.2 Alternativy alokace rizika nepiedvidateinych
fyzikalnich podminek

Riziko je v pripadé tunelovych zakdzek alokovdno mezi
ucastniky vystavby prostfednictvim smlouvy ¢&i standardizova-
nych obchodnich podminek. Obecné muzeme rozlisit tfi hlavn{
pristupy pri alokaci rizika geologickych podminek.

A. Celé riziko geologickych podminek nese objednatel

V takové alokaci rizika jsou zhotoviteli hrazeny skute¢né
ucelné vynalozené ndklady spojené s dokonéenim dila za zasti-
zenych geologickych podminek, dohodnuté spravni a vyrobni
rezie a zisk bez ohledu na celkové ndklady.

obchodnich  podminek
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e occurrence of stray currents,

* excessive surface sinking above the tunnel and related impacts
on surface structures and power and service utility lines,

e drawdown, destruction of the water wells around the tunnel,

* damaging and destruction of water courses near the tunnel by
action of the mine water discharges that may have substantial-
ly changed chemistry (concrete extracts),

* damages due to pressure grouting aimed to compact the massif
of rocks or due to anchor grouting (damages to power and ser-
vice utility lines, surface swelling),

e improperly selected and implemented tunnel insulation and
water infiltration into the tunnel.

1.1 Code of Practice for Risk Management of Tunnel Works

The first national document that deals integrally with how to
determine, check, and control the above-enumerated hazards is
“The Joint Code of Practice for Risk Management of Tunnel Works
in the UK*, issued by the British Tunneling Society (BTS) in
September 2003. Some of the extensive insured accidents [see refe-
rence 1 hereunder], mainly a collapse during the construction of the
“Heatrow Express Rail Link*“[see reference 2 hereunder], that cove-
red big losses for insurers gave the reason. Closely related thereto is
then the document, which strives to become internationally renown
and is called “A Code of Practice for Risk Management of Tunnel
Works “, prepared by the International Tunnelling Insurance Group
in January 2006. Though it is not enforceable to use these Codes,
they contain some important tenets that endeavor to make all the
parties involved take a right methodical approach to risk identifica-
tion, management, control, and elimination.

The following ranks itself among the main tenets of the Codes:

e requirement to submit the so-called “Register of Risks”. The
Register of Risks is an open document (it is possible and desi-
rable to ever extend it during the course of construction), which
clearly defines whom a risk belongs to, how the risk is being
controlled and mitigated. Register of Risks is a part of Quality
Control System, being, as such, subject to independent audits,
use of the Standard Terms & Conditions and use of the tech-
nical standards,
the contract should include a risk allocation and sharing
clause, concerning the geology or unforeseeable physical con-
ditions,
the contract should include a provision regulating the geomo-
nitoring process,
the provision allowing to make changes and implement value
engineering,
Employers must have sufficient knowledge of the issues dea-
ling with geological conditions risk control in support of tun-
neling. When lacking this knowledge on the side of his own
staff, he is obliged to hire a consultant or a Contractor able to
meet this requirement,
Employers are obliged to invest sufficient funds in the geo-
logical and hydrogeological surveying, allowing thus the bid-
ders to appreciate the offer in respect of the known geological
conditions and related risks in connection with tunneling,

* Employers are also obliged to have sufficient financial funds

and time reserves during the phase of preparations.

The insurance may be rejected where the above requirements are

not met. It implies a project commencement obstacle.

1.2 Risk Allocation Alternatives in Connection with the
Unforeseeable Physical Conditions

In the field of tunnel contracts the risk is allocated between the
contracting parties through the construction contract or standardi-
zed terms and conditions. In general, three main approaches to geo-
logical conditions risk allocation can be distinguished.

A. The Risk of Geological Conditions as a Whole is Borne by
the Employer

Given such risk allocation, the costs purposely incurred in con-
nection with the work completion under the really encountered
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B. Sdileni rizika geologickych podminek

V takové alokaci rizika jsou zhotoviteli hrazeny skute¢né
ucelné vynaloZené ndklady spojené s dokonCenim dila, dohod-
nuté spravni a vyrobni rezie bez ohledu na celkové naklady.
Zhotoviteli oviem nen{ hrazen zisk k dodateénym ndkladim,
které mu vznikly v souvislosti s nepfiznivymi geologickymi
podminkami zastizenymi mimo predpoklady zaddni zakazky.

C. Celé riziko geologickych podminek nese zhotovitel

V takové alokaci rizika nejsou zhotoviteli hrazeny skute¢né
tcelné vynaloZené ndklady spojené s dokonéenim dila, dohod-
nuté spravni a vyrobni rezie ani zisk bez ohledu na celkové
nédklady. Tento pfistup neni doporucovdn u staveb v podzemi.
Atraktivita tohoto pristupu je pouze pozlitkem a ohniskem dal-
§ich rizik, kterd Casto vyusti v soudni dohru, doprovdzenou
citelnymi ekonomickymi ztrdtami na dkor vSech zicastnénych.

Pokud vsak zadavatel nehodld investovat prostiedky do geo-
logickych pruzkumu a rizikovych analyz, musi byt uchaze¢im
poskytnut dostatecny Cas a prostor pro prohlidku staveniste.
U podzemnich projektu je v8ak evidentni, Ze dostupnd je vzdy
pouhd &4st stavenisté. Pokud zadavatel prenese celou odpovéd-
nost na zhotovitele a ten zastihne nepredvidané geologické
podminky pfi razbé, nabizena technologickd metoda vystavby
se muZe ukézat jako nevhodnd a zhrouti se i celkovd ekono-
micka udrzitelnost hodnoty nabidky.

Zhotovitel nesouci riziko nepfedvidatelnych geologickych
podminek bude nucen pfizpusobovat projekt a metodu vystav-
by ekonomickym vysledkim zakdzky, navic v pripadné vysoké
ztratovosti bude jisté hledat vSechny cesty, jak kontrakt pred-
Casné ukondit. To musi mit bohuzel dopad i na celkové nakla-
dy, kvalitu, bezpecnost a zivotnost celého tunelu.

Tab. 1 Zdkladni alternativy alokace rizika nepredvidatelnych fyzikdlnich pod-
minek

Table 1 Basic Risk Allocation Alternatives in Connection with the Unfore-
seeable Physical Conditions

Alterna- |  Alokace Naklady Rezie Zisk
tiva rizika zhotovitele | zhotovitele zhotovitele
Alter- Risk Contractor’s | Contractor’s | Contractor’s
native Allocation Costs Overhead Profit
A objednatel riziko riziko riziko
objednatele objednatele objednatele
A Employer Employer’s Employer’s Employer’s
risk risk risk
B. sdilené riziko riziko riziko
objednatele objednatele zhotovitele
B. Shared Employer’s Employer’s Contractor’s
risk risk risk
C. zhotovitel riziko riziko riziko
zhotovitele zhotovitele zhotovitele
G Contractor Contractor's | Contractors Contractor’s
risk risk risk
1.3 Nepiedvidatelnost

Posouzeni nepredvidatelnosti geologickych podminek je

vzdy obtizné a stava se zdkladem sporu.

Pri posuzovani nepredvidatelnosti by mely byt brany do

uvahu ndsledujici faktory:
e informace verejné dostupné v dobé zadani zakazky,

e informace poskytnuté zadavatelem (napr. geotechnicky
pruzkum),

« vysledky vlastnich pruzkumu zhotovitele v dobé zpraco-
vani nabidky,

e subjektivni faktor, tzn. co na zdkladé vySe uvedenych
informaci, zdroju a indicii mél a mohl zkuSeny zhotovitel
predvidat.
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geological conditions, agreed administrative and production over-
head costs and margin are paid to the Contractor regardless of total
expenses.

B. Sharing of the Geological Conditions Risks

Given such risk allocation, the Contractor is compensated for the
costs really and purposely incurred in connection with the work
completion, agreed administrative and production overhead costs,
regardless of total expenses. The Contractor is not, however, com-
pensated for the profit to additional costs that accrued to him in
connection with the adverse geological conditions encountered
against the expectations in the project specifications.

C. Full Risk of Geological Conditions is Borne by the Con-
tractor

Given such risk allocation, the Contractor is not compensated for
the real costs purposely incurred in connection with the work com-
pletion, agreed administrative and production overhead costs or the
margin regardless of the total costs. This approach is not recom-
mended in case of the underground construction projects.
Attractiveness of this approach is just a lure and a focal point
giving rise to other risks that will often result in a judicial sequel to
come hand in hand with sizeable property losses at the account of
all those involved.

However, where the Employer is not going to invest any funds in
the geological surveying and risk analyses, the bidders must be
provided with enough time and space to carry out a site inspection.
But it is obvious in case of underground projects that only a part of
the site is only ever available. As being offered, the technological
method of construction may prove inconvenient should the
Employer assign all the responsibility to the Contractor who will
come across unforeseeable geological conditions during the tunne-
ling. Then, the economical sustainability of the bid value might
collapse as a whole.

The Contractor bearing the risk of unforeseeable geological con-
ditions will be forced to adapt the project and method of construc-
tion to match the economical yields from the contract. Moreover,
in the event of high level of losses he will certainly look for all the
ways to terminate the contract prematurely. Unfortunately, this
must have impact on the total costs, quality, safety, and service life
of the entire tunnel.

1.3 Unforeseeability

It is always uneasy to evaluate the unforeseeable nature of geo-
logical conditions; the attempts to do so often give rise to disputes.

The following should be taken into account whenever the unfo-
reseeability is to be assessed:

« the information widely available at the project specification,

e the information provided by the Employer (such as geotech-
nical survey),

e results of the Contractor’s own surveying at the bid prepara-
tion phase,

e subjective factor, i.c. what a well-experienced Contractor
should and could foresee, based on the above information,
sources, and vague evidence.

When an issue as to what was or was not foreseeable is to be
decided, the most cogent argument, however, is what the
Contractor had allowed or enabled through his own on-site actions,
how he had responded to this or that situation. In respect of early
warning principles the recommendation therefore is to announce to
the Employer any unforeseeable conditions at once, whenever they
appear, and to coordinate the steps to be taken to eliminate the rela-
ted risk in compliance with the contract.

Other useful tool for analyzing what was or was not foreseeable
might be in the bidders’ duty to submit along with their bids all the
information and data used during the bid writing, including those
about the subsequent surveys performed by the individual bidders
and about the expenses incurred in connection with them. Should
therefore, during the course of implementation, appear an event an
unsuccessful bidder, for example, expected and assessed, the
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Pii posuzovani otazky, co bylo, ¢i nebylo predvidatelné, je successful one may not submit the same as unforeseeable. [2]
vSak nejpresveédCivejsim diakazem to, co vlastnim jedndnim na These pieces of information can be re-analyzed within the limits of
staveniSti zhotovitel dovolil ¢i umozZnil a jak na danou situaci qualification criteria and then considered when the changes are to
reagoval. V souladu se zdsadou v€asného varovdni se tedy be assessed and validity of the Contractor’s claims evaluated. On
doporucuje ihned vyskyt nepredvidatelnych podminek objed- the Employer’s side, however, it is always necessary to take all the
nateli ozndmit a v souladu se smlouvou koordinovat postup eli- measures to prevent abuse of any sensitive commercial informati-
minace tohoto rizika. on.

Dalsim uziteCnym ndstrojem pro posouzeni otdzky, co bylo, Concerning the unforeseeability, it is important to distinguish
&i nebylo predvidatelné, muZe byt povinnost uchazeéu predlo- between uncertainties and indeterminations. Tichy (2006) alleges
Zit v rdmci svych nabidek veSkerd data a ddaje pouZité pri pri- that the widely encountered pieces of information are not all of the
pravé nabidky v&etné informaci o dodatenych pruzkumech same importance and are not reliable to the same extent, too.
provedenych jednotlivymi uchazeci a nakladech vynaloZenych Despite that, they can be graded. At the initial stage, there is
na né. Pokud se tedy v prabéhu realizace vyskytne uddlost, kte- a certainty, all the facts are unambiguous, and the outcome from
rou napiiklad netispésny uchaze& ofekaval a ocenil, nemuze ji the activities under former decision-making cannot deviate from
ten Uspeésny vyddvat za nepredvidatelnou [2]. Tyto informace expectations either way. Should, however, such certainty get lost,
mohou byt prezkoumdny v ramci kvalifika¢nich kritérif a poté we have to cope with uncertainty and indeterminate nature. While
mohou byt brany v potaz pri ocenovani zmén a posuzovani uncertainty is always graded in a way, depending on the level of
opravnénosti claima zhotovitele. Ze strany zadavatele je ale our knowledge of the phenomenon we investigate, the indetermi-
vZzdy nutné ulinit veskerd opatfeni proti zneuziti pripadnych nate nature implies an ultimate uncertainty.
citlivych obchodnich informaci. 1.4 Risk Control Measures

Z hlediska nepredvidatelnosti je vyznamné odliSovat nejisto-
ty a neurcitosti. Tichy (2006) uvadi, Ze informace, se kterymi
se bézné setkdvame, nemaji vSechny stejnou vyznamnost ani
stejnou spolehlivost. Daji se presto odstupnovat. Vychozim
stupném je jistota, kdy vSechny skutecnosti jsou jednoznacné,
a vysledek Cinnosti, o niZ se rozhodovalo, se nemuZe od pred-
pokladu nijak odchylit. Pokud se vSak ztrati jistota, musime se
vyrovnat s nejistou a neurcitosti. Zatimco nejistota je vzdy
néjak odstupnovand podle drovné naSich znalosti o jevu, ktery
vySetfujeme, je neurcitost dokonalou nejistotou.

A geological risk can be forestalled mainly by identifying early
the related hazard and/or source of this hazard.

Primary duty therefore is to carry out risk analysis at the stage
already when the design documentation is being prepared at its
lowest level (land planning study, land planning procedure, analy-
zing the EIA environmental impacts of the project, etc.).

Secondly, the probabilities that adverse phenomena of tunneling
will occur must be determined at the stage of project specification
documents writing.

The third rule is to follow proper processing methods and prin-

1.4 Opatreni oviadani rizika ciples, carry out profound monitoring, and take timely the engine-

Geologickému riziku lze pfedchdzet predevsim tim, Ze bude ering, safety, and technological measures at the project implemen-
véas identifikovdno jeho nebezpedi, pripadné zdroj nebezpedi. tation stage.

Prvnim tkolem je proto provadéni rizikovych analyz jiz The 15t Stage — Preparing the Project Specifications (Land
v etapé pripravy nejniz§ich stupnu projektové dokumentace Planning Study, Land Planning Procedure, EIA, etc.)
(tzemnf studie, izemni fizeni, posouzeni vlivu stavby na Zivot- To facilitate advance risk analysis in connection with excavati-
ni prostredi EIA apod.). on, one has to know overall geomorphology, geology, and hydro-

Druhym tkolem je zpracovéni pravdépodobnosti vzniku neza- geology of the grounds where the tunnel is to be excavated inclu-
doucich jevu razby v etapé pripravy zaddvaci dokumentace. ding the mining history. Based on such risk analysis, it is possible

Tretim tkolem je dodrZovédni spravnych technologickych to select optimum future tunnel’s alignment in direction and height,
postupu a zdsad, provadéni dukladného monitoringu a v&asné to secure the surface structures that might be affected, to estimate
prijimani technickych, bezpe¢nostnich a technologickych opat- the course of depression basins, portal locations, appropriate
fen{ v etapé realizace. mining processes (or related optional approaches), and lining sup-

1. etapa — priprava zaddni stavby (izemni studie, vizemni Fi- port structures.
zent, EIA apod.) The above surveys must provide reliable information on the

Aby bylo mozné v predstihu analyzovat rizika spojend basis of which it will be possible to clearly define the specification
s razbou, je tfeba zndt celkové geomorfologické, geologické conditions for the tender to provide a tunneling Contractor who
a hydrogeologické tizemi, ve kterém bude tunel razen vcetné will also be responsible for the basic defining of excavation tech-
historické banské ¢innosti. Na zdkladé analyzy téchto rizik 1ze nology and its costs estimation.
zvolit optimdlni smérové i vySkové vedeni budouciho tunelu, Final objective of the 18t stage of the geological risk analysis at
zaji§téni potencidlné dotlenych objektd nadzemni vystavby, the lowest level of the design documentation is to reduce the uncer-
odhad prabéhu poklesovych kotlin, umisténi portdlu, vhodnou tainties of the geological conditions and rocky massif characteris-
technologii razby (¢i jeji varianty) a vystrojeni osténi. tics down to a viable limit. The surveys determine comprehensive-

Uvedené pruzkumy musi poskytnout spolehlivé podklady ly an extent of the existing or prognosticated geological risks and
pro jednoznaéné definovani zaddvacich podminek pro vybéro- define the documents on the basis of which it is possible to design
vé fizeni na dodavatele razby tunelu v&etné zdkladniho vyme- the procedures for mitigation of these geological risks to an accep-
zeni technologie razby a jejiho ocenéni. table level.

Koneénym cilem 1. etapy analyzy geologickych rizik Unreliable or deficient information about the geological conditi-
v nejnizsich stupnich projektové dokumentace je tedy snizit ons leads usually to an erroneous draft vertical and directional
nejistoty geologickych poméru a vlastnosti horninového masi- alignment of the tunnel, location of its fronts, to selection of an
vu na dnosnou mez. Prizkumy rdmcové stanovuji miru existu- inappropriate tunneling method, inappropriate tunnel lining
jicich ¢i prognostikovanych geologickych rizik a definuji pod- design. Should it be the case, the cost estimation for the future con-
klady, na jejichz zdkladé 1ze navrhnout postupy, jak tato geolo- struction efforts as well as the time scheduling for related tunneling
gickd rizika snizovat na prijatelnou droven. tend to be erroneous almost every time.

Nespolehlivé ¢i nedostate¢né informace o geologickych pod- The 2nd Stage — Project Specification (Building Permit

minkdch zpravidla vedou k chybnému navrhu smérového ¢i Documentation)
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vySkového vedeni nivelety tunelu, umisténi portdld, k zvolen{
nevhodné technologie razeb i nevhodného projektu osténi tune-
Iu. Skoro vzdy v takovém pripadé dojde k chybnému ocenéni
budoucich ndkladu vystavby a doby potfebné k vyrazeni dila.

2. etapa — zaddni stavby (dokumentace pro stavebni povoleni)

Zaddvaci dokumentace byvd zpracovédvédna v ruzném kvanti-
tativnim i kvalitativnim rozsahu s ohledem na to, jak velkou
miru ekonomického rizika je zadavatel pripraven prevzit.
Obecné plati, ze ¢im je podrobnéjsi zaddvaci dokumentace
zaloZend na podrobném geologickém prazkumu, tim je vEtsi
eliminace budoucich rizik.

Predpokladem kvalitni zaddvaci dokumentace je jednoznac-
né rozdéleni rizik, pfipadné stanoveni jednozna¢nych podmi-
nek pro jejich sdileni. Aby bylo vabec mozné takovou doku-
mentaci vytvorit, je nutnd znalost geologickych rizik, kterd lze
v prubéhu vystavby ocekédvat. Prognézy ocekdvaného zastou-
peni jednotlivych technologickych tfid vyrubu podle nekterych
z tuneldrskych klasifikaci, jako je Q (Barton), RMR
(Bienawski), GSI (Hoek) nebo jinych ndrodnich technickych
standardu (viz Pozn. 3) a prognézy chovéni horninového masi-
vu maji zdsadni vyznam pro stanoveni nabidkové ceny.
Zadéavaci dokumentace by soucasné méla obsahovat postupy
umoznujici zménu zatfidéni a s tim souvisejici Upravu oceno-
vani horninového prostredi.

Teoretické rozméry tunelu uvedené v projektové specifikaci
jsou podkladem pro stanoveni vykazu vymeér, zdsadni casti
zaddavaci dokumentace slouzici jako podklad pro fakturaci
praci. Vykaz vymér by mél peclivé oSetfit metodiku ocenéni
praci, které nemohly byt beze zbytku specifikovany v zadani.
Tyto price souviseji zejména s odchylkami vuci teoretickym
rozmérim tunelu. Tyto odchylky mohou mit tfi zdkladni prici-
ny [1]:

e horninovy masiv vykazuje jiné deformace, nez predpoklada

projekt,

e strukturdlni chovéni horninového masivu zpusobuje tvorbu
geologicky podminénych nadvyrubu,

e technologie provadéni neumoZznuje razbu v idedlnich obry-
sech a teoretické rozméry musi byt zvétSeny o tzv. teoretic-
ky nadvyrub.

Stanoveni jednoznaénych pravidel pro ocenovéani odchylek
oproti prognostikovanym geologickym podminkdm a teore-
tickym rozmérim tunelu slouZi k srovnatelnému a trans-
parentnimu pfistupu ke viem uchazedum o zakdzku, moZnosti
porovnani jednotlivych nabidek a omezeni spekulativnosti
nabidek.

3. etapa — realizace (realizacni dokumentace stavby, doku-
mentace skutecného provedeni)

Pro zddrné vedeni a fizeni stavby by mél zadavatel zvizit,
zda jeho persondl disponuje dostatecnymi teoretickymi
a praktickymi znalostmi ¢i zkuSenostmi s vystavbou podzem-
nich staveb. Pokud nedisponuje kvalifikovanym persondlem,
doporucuje se, aby [1]:

e zajistil ¢innost trvalého stavebniho dozoru externi organi-
zaci (aby tedy jmenoval svého zdstupce, pripadné sprdavce
stavby),

e pfipadné povéfil nezdvislou konzultaéni spole¢nost super-
vizi,

e pfipadné wuzavrel v rdmci smlouvy o dilo dohodu
o alternativnim feSen{ sporu.

Pro vystavbu v podzemi jsou specifické zmény postupa

i projektové dokumentace v prubéhu razby. Zasadou je uzka
a profesiondlni spolupriace objednatele, zhotovitele a pro-
jektanta. Podminky smlouvy by mély zohlednovat nutnost oka-
mzité reagovat na zménu predvidané geologie. V praxi by to
mélo znamenat, Ze zdstupci objednatele a zhotovitele denné
potvrzuji realizace uréité technologické tfidy vyrubu
a operativné aplikuji potfebné zmény. Jednim z hlavnich
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The tender documentation tend to be prepared to varying extent
in terms of quality and quantity, regarding the degree of economy
risks to which the Employer is ready to assume them. It widely
applies that the more detailed are specifying documents based on
a detail geological survey, the more effective is elimination of futu-
re risks.

Any high-quality tender documentation is impossible without
prior unambiguous distribution of risks and/or specification of the
clear conditions for sharing these risks. Preparation of such docu-
mentation presumes prior knowledge of the geological risks that
can be expected during the course of construction efforts.
Prognosis of the expected proportions of the individual technologi-
cal classes of excavation according to some of the tunneling clas-
sification schemes, such as Q (Barton), RMR (Bienawski), GSI
(Hoek), or by means of other national technical standards [see refe-
rence 3 hereunder| and prognosis as to how the rocky massif could
respond have a vital significance whenever the bid price is to be
determined. The specifying documents should also describe the
processes that allow making changes in classification and related
regulation of assessment of the rocky environment.

As mentioned in the project specifications, the design dimensi-
ons of the tunnel will form the basis of the bill of quantities, a core
of the tender documentation to be used in support of works invoi-
cing. Such bill of quantities should carefully cover the works pri-
cing methods that could not be fully specified in the initial docu-
ments. These works mainly relate to deviations from the design
dimensions of the tunnel. Three main causes can stand beyond
these deviations [1]:

e rocky massif shows other deformations than those expected in

the design,

e structural behavior of the rocky massif causes creation of the
geologically contingent overexcavations,

e implementation processes or technology will not allow tunne-
ling within the ideal contours and the design dimensions must
be increased by a so-called “theoretic overbreak”.

Specification of clear rules for assessment of these deviations
compared with the anticipated ground conditions and theoretical
tunnel dimensions is used in favor of a commensurate and transpa-
rent approach to all the bidders for the contract, allowing matching
the individual bids against each other and restricting a speculative
nature of the bids.

The 3rd Stage — Implementation Design (Project Implementation
Documents, As-built Documentation)

Ith successful project management and leadership in mind, the
Employer should consider if an adequate theoretic and practical
knowledge or experience in constructing underground works is
available to his personnel. If such a qualified personnel is not ava-
ilable to him, the following is recommended him to do [1]:

e ensure activity of a full-time site supervisor from an external

organization (i.e. to appoint his deputy, or FIDIC Engineer),

e or assign the supervision to an independent consulting compa-
ny,

e or make, within the limits of the contract for work, an alterna-
tive dispute adjudication agreement.

Changes in processes and in the design documentation during
the tunneling are specific for underground construction works.
Principal is close cooperation between the Employer, Contractor,
and Designer. Terms of the contract should take account of the
necessity to react forthwith to any change in the foreseen geology.
In practice, it should imply that the Employer’s and Contractor’s
representatives will daily acknowledge implementation of
a certain technological excavation class, implementing responsi-
vely the required changes. Geomonitoring results, mainly the
deformation measurements above the design tunnel profile are one
of the main tools. Site supervisor, who must, however, be profes-
sionally skilled and able to bear responsibility for his decisions,
should draw decision where consensus cannot be achieved.
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néstroju jsou vysledky geomonitoringu, zejména méfeni defor-
maci nad teoreticky profil tunelu. V pfipadé nemoZnosti dosaze-
ni konsenzu by mél rozhodnout stavebni dozor, ktery v§ak musi
byt odborné zpusobily a schopny nést odpovédnost za provede-
nd rozhodnuti. V pfipadé vzniku sporu se doporucuje vyuZzit ¢in-
nosti predem domluveného experta ¢i expertni komise pro reSe-
ni spord.

Ani sebelepsi organizaéni struktura a snaha vSech ucastniku

vystavby nepovede ke sniZeni nepiiznivych nasledku nepredvi-
datelnych geologickych podminek, pokud pro to nebudou vytvo-
feny smluvni podminky. Jednd se zejména o jednoznacné
a prezkoumatelné stanoveni jednotkovych cen za jednotlivé
prvky osténi tak, aby veskeré zmény bylo mozné jednoduchym
zpusobem ocenit. Tzn. vykaz vymér by mél byt nutné k dispozici
i u projektu Design—Build. Dal$im duleZzitym aspektem je jedno-
zna&nd smluvni Gprava ocenéni vykonu zavislych na mnoZstvi
a vykonu zdvislych na Case. Je evidentni, Ze vySe prijaté nabid-
kové ceny nemuze byt nikdy totoZnd s cenou kone¢nou. Postupy
tvorby kone¢né ceny musi byt jednoznacné popsany ve smlouve.

2 VZORY SMLUVNICH PODMINEK FIDIC PRO JEDNOTLIVE

TYPY VYSTAVBOVYCH PROJEKTU

Obecné se nejCasteji setkdme se tfemi pristupy k organizaci

vystavbového projektu. Jejich ndzev se u ruznych autora 1isi.
U nés se ale nejéastéji nazyvaji General Contracting (Generaln{
dodavatelstvi ¢i vyprojektuj—nabidni—postav ¢asto vyjadfované
zkratkou D/B/B), Design—-Build ¢i vyprojektuj—postav (Casto
vyjadfovdno zkratkou D/B) a Construction Management (¢asto
vyjadfovano zkratkou CM).

Pro dodavku stavebnich praci se dnes nejcastéji pouzivaji tri

zdkladni vzory smluvnich podminek ve verzich z roku 1999,
tedy:

a) Conditions of Contract for Construction — zkratka CONS,

tzv. Red Book (Cervena kniha), které jsou smluvnimi pod-
minkami pro projekty Generalniho dodavatelstvi
(Design-Bid-Build), kde dochézi k méreni skute¢né pro-
vedenych praci pfi pouZiti v podstaté neménnych jednot-
kovych a polozkovych cen.

b) Conditions of Contract for Plant and Design-Build —

zkratka P&DB, tzv. Yellow Book (Zluta kniha), jejichz
pouziti se predpoklddd u Design-Build projektu. A je
celkovd cena koncipovana jako pausalni a na rozdil od
CONS (Cervené knihy) se neprovadi meéreni skutedné
provedenych praci, muze dojit k jeji dpravé predev§im
prostfednictvim zmén a v dasledku uplatnéni naroku na
dodate¢né platby a prodlouZeni lhut.

c¢) Conditions of Contract for EPC/Turnkey Projects — zkrat-

ka EPC nebo EPCT - Engineer, Procure and Construct,
tzv. Silver Book (stfibrna kniha), jejichZz pouziti se pred-
pokladd u Design-Build projektu. Pro EPC téz plati, Ze
cena je koncipovana jako pausalni, neprovadi se mére-
ni skute¢né provedenych praci, ale muze dojit k jeji Gpra-
ve piedev§im prostiednictvim zmén a v dusledku uplatné-
ni ndrokd na dodate¢né platby a prodlouZeni lhut.

O tom, které podminky se v daném projektu pouZziji, rozhod-

ne zasadné ten, kdo ho financuje.

3 ALOKACE RIZIKA NEPREDVIDATELNYCH FYZIKALNICH

PODMINEK PODLE FIDIC

3.1 Definice ,hepiedvidatelnosti” podie FIDIC

Vychozi zdkladni alokaci rizika definuje Cervend kniha, kterd

v ¢l. 1.1.6.8. definuje pojem ,nepredvidatelny“ jako takovy,
jenZ nemohl zkuSeny zhotovitel k datu podani nabidky
rozumné predpokladat. Definice je tedy ponechédna v obecné
roviné a predpoklada se, Ze bude nutné kazdou situaci nepred-
vidatelnosti vyhodnocovat ad hoc.
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Should a dispute arise, a recommendation is to make use of the
efforts exerted by a prior agreed expert or of an expert board for

settlement of dispute.

Not even the best organizational structure or drive of all those
involved in the construction efforts can lead to reduced adverse
consequences of unforeseeable geological conditions if contractu-
al conditions are not drawn up to meet the purpose. It is mainly
a clear and revisable specification of the unit prices for the indivi-
dual parts of the lining so that all the changes could be assessed in
a simple way. l.e. the bill of quantities should be readily available
even in the case of the Design-Build projects. Other important
aspect is a clear contractual arrangement for performance assess-
ment, depending on the quantities and timing. Evidently, the above
accepted bid prices can never be identical with the final price. Final

pricing procedures must be clearly described in the contract.

2 FIDIC FORMS OF CONTRACTUAL CONDITIONS SUITABLE
FOR INDIVIDUAL TYPES OF CONSTRUCTION PROJECTS

In general, three approaches to construction project organization
can be most frequently encountered. Their names may differ,
depending on a particular author. Here, they are most frequently
called General Contracting or Design-Bid-Build (often abbreviated
as D/B/B), Design-Build (often abbreviated as D/B), and

Construction Management (often abbreviated as CM).

Three basic contractual conditions forms, versions 1999, are now
used for contracting in the field of construction projects; they are

in particular:

a) Conditions of Contract for Construction (abbreviated as

CONS, so-called “Red Book”), being the contractual conditi-
ons for General Contracting (Design-Bid-Build), where the
measuring of the actually completed works occurs, using the
unit and item prices that are invariable in fact.

b) Conditions of Contract for Plant and Design-Build (abbrevia-

ted as P&DB, so-called “Yellow Book™), being the conditions
assumed to be used for the Design-Build projects. Even
though the total price is conceived as a lump price and — in
contrast to CONS (Red Book) — no measuring is carried out
as for the works actually completed, it may become subject to
modifications mainly through changes and due to the claims
raised for additional payments and extension of time.

¢) Conditions of Contract for EPC/Turnkey Projects (abbrevia-

ted EPC or EPCT — Engineer, Procure and Construct, so-cal-
led “Silver Book*) that are typical for the Design-Build pro-
jects. It also applies to EPC that the price is conceived as
a lump price, that completed works are not measured, but
they can become subject to modifications, mainly through
changes and due to the claims raised for additional payments
and postponement of milestones.

The decision as to what conditions are to be used within the par-
ticular project shall always belong to the financing party.

3 RISK ALLOCATION OF UNFORESEEABLE PHYSICAL
CONDITIONS ACCORDING TO FIDIC

3.1 Definition of “Unforeseeability” by FIDIC

Initial basic risk allocation is defined in the Red Book, in parti-
cular in its Sub-Clause 1.1.6.8. where the term “Unforeseeable” is
defined as “not reasonably foreseeable by an experienced
Contractor by the date for submission of the Tender”. As such,
the definition is left as widely comprehensive while it is assumed
that it will be necessary to evaluate every particular unforeseeabi-
lity condition ad hoc.

The Yellow Book defines the term “unforeseeable” in the same
way as the Red Book. The Silver Book does not define the term
at all.

Given a particular situation, the unforeseeability must be evalu-
ated in respect of period of time for the contract and of the statistic
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Zlutad kniha definuje pojem ,nepiedvidatelny* stejné jako
Cervend kniha, stifbrnd kniha pojem nedefinuje vabec.

Posouzeni nepredvidatelnosti u konkrétni situace musi byt
feSeno pri zohlednéni ¢asového rozsahu zakdzky a statistické
frekvence vyskytu uddlosti podle historickych zdznamu. Je
uvadeén ndsledujici priklad (The FIDIC Contracts Guide, 2000,
s. 274). Jestlize je lhata pro dokonleni triletd, zkuSeny zhoto-
vitel mél predvidat uddlost, jeZ se objevuje jednou za Sest let,
ale uddlost s vyskytem jednou za deset let muZe byt povazova-
na za nepredvidatelnou.

3.2 Udaje o stavenisti

Dal$im vyznamnym aspektem z hlediska nepredvidatelnosti
fyzikdlnich podminek na staveni$ti anebo pod stavenistém jsou
zhotoviteli poskytnuté tdaje o staveniSti podle ¢l. 4.10 cervené
a Zluté knihy, kdy plati, Ze objednatel jeste¢ pred zdkladnim
datem (28 dnu pred poslednim dnem pro podani nabidky)
poskytne zhotoviteli informace a vSechny vyznamné udaje,
které ma k dispozici, o hydrologickych a geologickych pod-
minkdch na stavenisti véetné ekologickych aspektu. Objednatel
obdobné dd k dispozici zhotoviteli i v§echna takova data, kterd
ziskd po zdkladnim datu. Zhotovitel bude odpovidat za inter-
pretaci vSech téchto tdaju. Do té miry, do jaké je to moZzné
(vzhledem k ndkladum a Casu), se bude mit za to, Ze zhotovitel
obdrzel vSechny potrebné informace, pokud jde o rizika,
nepredvidané udélosti a dal$i okolnosti, které mohou ovlivnit
jeho nabidku nebo stavbu. Ve stejné mife se bude mit za to, Ze
zhotovitel prohlédl a provéril staveni$té, jeho okoli, vySe uve-
dené ddaje a dalsi dostupné informace a byl pred podanim
nabidky uspokojen, pokud jde o vSechny zdvazné zdleZitosti.

Je evidentni, Ze alokace rizika je opét sdilend. Riziko je alo-
kovéno zhotoviteli ov§em s limitem nékladu, které muZe zho-
tovitel rozumné investovat do nabidky (napf. prizkumy stave-
niste) a Casu, ktery md na pripravu nabidky.

Naproti tomu stfibrnd kniha v tomto ¢lanku prendsi riziko
v podstaté zcela na zhotovitele, kdy je stanoveno, Ze objedna-
tel jesté pred zdkladnim datem poskytne zhotoviteli informace
a vSechny vyznamné udaje, které md k dispozici, o hydro-
logickych a geologickych podminkdch na staveniSti vcetne
ekologickych aspektl. Objednatel obdobné d4 k dispozici zho-
toviteli i vSechna takova data, kterd ziskd po zdkladnim datu.
Zhotovitel bude odpovidat za ovéfeni a interpretaci viech téch-
to ddaju. Tzn. text stifbrné knihy navic obsahuje povinnost
zhotovitele data i ovéfit. Objednatel ddl nemd Zadnou odpo-
védnost za presnost, dostate¢nost a dplnost takovych ddaju
s vyjimkou ddaju oznalenych za nezménitelné nebo v odpo-
védnosti objednatele, definici zamysleného tcelu dila, kritéria
na zkousky a vykon dila a ddaje a informace, které nemuze
zhotovitel ovérit.

3.3 Dostatecénost pfijaté nabidkové ceny

Cerveni a Zlutd kniha FIDIC stanovuji v Cl. 4.11, Ze se bude
mit za to, Ze zhotovitel byl uspokojen, pokud jde o spravnost
a dostate¢nost prijaté nabidkové ceny a zalozil pfijatou nabid-
kovou cenu na udajich o stavenisti v souladu s vySe popisova-
nym ¢l. 4.10. Prijatd nabidkova cena pokryva vSechny povin-
nosti zhotovitele podle smlouvy o dilo a v§echny véci nutné pro
fadné provedeni a dokonCeni stavby a odstranéni vSech vad.
Stiibrnd kniha pracuje se stejnym pristupem s tim, Ze obecné
predpoklddd témér absolutni alokaci rizika nepredvidatelnych
fyzikdlnich podminek u zhotovitele, tedy nepredpokldada
vyznamné tpravy ceny dila v dasledku realizace nebezpedi
spojenych s nepredvidatelnymi fyzikdlnimi podminkami.
3.4 Nepiedvidatelné fyzikalni podminky

Cervend a 7lutd kniha FIDIC definuji, ze ,,fyzikdlni pod-
minky* znamenaji pfirodni fyzikdlni jevy a umélé a jiné
fyzické prekazky a znecistujici latky, které zhotovitel zastih-
ne na staveni$ti pri realizaci stavby, v¢etné podpovrchovych
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frequency of event occurrences according to the historical records.
The following example is quoted (The FIDIC Contracts Guide,
2000, s. 274). If the contract completion period is three years, then
a well-experienced Contractor could have foreseen the event that
tends to appear once in six years, but the event appearing once in
ten years can be deemed unforeseeable.

3.2 Site Data

Concerning the unforeseeability of the physical conditions pre-
vailing on or beneath the site surface, another vital aspect is the site
data provided to the Contractor as required by the Sub-Clause 4.10
of the Red and Yellow Books where it applies that the Employer
shall, still before the Base Date (28 days prior to the latest date for
submission of the Tender), provide the Contractor with the infor-
mation and all relevant data available to him, dealing with the sub-
surface, on-site hydrological and geological conditions, including
the enviromental aspects. Analogically, the Employer shall also
make available to the Contractor all such data that he will acquire
after the Base Date. Responsibility for interpretation of all these
data belongs to the Contractor. To the extent to which it is possib-
le (in respect of the costs and timing) the Contractor shall be assu-
med to have received all necessary information concerning the
risks, unforeseeable events, and other circumstances that might
influence his bid or construction project. To the same extent,
Contractor shall be assumed to have inspected and reviewed the
site, its surroundings, the above data and other available informati-
on and to have been satisfied before submitting his bid, as for all
the vital matters.

Obviously, the risk allocation is again shared. But a risk is allo-
cated to the Contractor with a cost limit the Contractor can reaso-
nably invest in his bid (e.g. site reconnaissance) and time span ava-
ilable to him for preparation of the bid.

Unlike the above, the same Article of the Silver Book transfers
the risk fully to Contractor in fact, stipulating that the Employer,
still before the basic date, shall provide the Contractor with the
information and all significant data available to him if they relate
to the on-site hydrological and geological conditions, including the
environmental aspects. Analogically, the Employer shall also make
available to the Contractor all such data that he will acquire after
the Base Date. Responsibility for verification and interpretation of
all these data belongs to the Contractor. In other word, the wording
in the Silver Book moreover contains the Contractor’s obligation to
verify the data. Further, the Employer has no responsibility for
accuracy, adequacy, and completeness of such data except for the
data labeled as unchangeable or those within the limits of the
Employer’s responsibility; further it is the definition of the inten-
ded purpose of the work, criteria for testing and performance of the
work, and the data and information the Contractor cannot verify.

3.3 Sufficiency of the Accepted Contract Amount

In their Sub-Clause 4.11, the Red and Yellow Book stipulate that
the Contractor shall be assumed to have been satisfied, regarding
the correctness and sufficiency of the bid price accepted and to
have based the same bid price on the site data in compliance with
what is described above, in the Sub-Clause 4.10. The bid price
accepted covers all the Contractor’s obligations from the contract
and all what is necessary for proper execution and completion of
the construction works and the remedying of any defects. The
Silver Book applies the same approach, though widely assuming
an almost absolute risk allocation for the unforeseeable physical
conditions on the side of Contractor, i.e. does not assume any sig-
nificant modifications of the price for the work that might result
from the hazards realized in connection with the unforeseeable
physical conditions.

3.4 Unforeseeable Physical Conditions

Red and Yellow Books of FIDIC define that the “physical con-
ditions” mean ‘“natural physical conditions and manmade and
other physical obstructions and pollutants, which the Contractor
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a hydrologickych podminek, ale s vyloucenim podminek kli- encounters on the Site when executing Works, including sub-sur-

matickych. face and hydrological conditions”. However the climatic conditi-
Mimoradneé nepriznivé klimatické podminky jsou feSeny ons are excluded.

samostatné jako sdilené riziko podle ¢l. 8.4, kdy zhotovitel Exceptionally adverse climatic conditions are covered separate-

muaZe ndrokovat pouze prodlouZeni lhuty pro dokondeni ly as a shared risk pursuant to Sub-Clause 8.4 where the Contractor

a nemiZze ndrokovat dodateCnou platbu. Extrémni pfipady may only claim extension of the time for completion, but not any

nepriznivého vlivu prfirodnich sil jsou pak feSeny jako riziko additional payment. Isolated occurrences of extremely adverse

objednatele, pripadné vy$si moc, o ¢emZ bude pojedndno niZe. natural forces and their impacts are then covered as a Employer’s
Jestlize se zhotovitel setkd s fyzikdlnimi podminkami, které risk and/or Force Majeure — see below.

poklada za nepredvidatelné, oznami to spravci stavby (zdstup- If the Contractor encounters the adverse physical conditions

ci objednatele), jak nejdiive je to mozné s popisem zastiZzenych which he considers to have been unforeseeable, he will notice them

fyzikdlnich podminek tak, aby mohly byt provéfeny spravcem | (o the FIDIC Engineer (Employer’s representative) as soon as prac-

stavby. ticable. This notice shall describe the physical conditions, so they
Jestlize zastizené fyzikdlni podminky nenabudou vyznam can be inspected by the FIDIC Engineer.

vy§§f moci, musi zhotovitel pokradovat v realizaci praci bez Should the encountered physical conditions not acquire nature of

toho, aby &ekal na pokyny sprivce stavby. Force Majeure, the Contractor must continue realizing the project
Dile je stanoveno, Ze jestlize a do té miry, do jaké se zho- | Without waiting for any FIDIC Engineer’s Instructions.

tovitel setkd s fyzikdlnimi podminkami, které jsou nepfedvi- It is further stipulated that if and to the extent to which the

datelné, ozndmi to a vznikne mu zpozdéni anebo ndklady Contractor encounters the physical conditions that are unforesee-

able, he will notice it and if a delay and/or costs accrue to him due
to these conditions, the Contractor shall be entitled to claim the
time extension ascribable to such delay, if the project completion is

zpusobené témito podminkami, bude mit zhotovitel ndrok na
prodlouzeni lhuty v dasledku tohoto zpozdéni, pokud je nebo
bude dokonceni stavby opozdéno, a narok na uhrazeni veske- ! ’ /
rych vzniklych nakladi, které budou zahrnuty do ceny dila. or will be delayed, and entitled to claim settlement of all the acc-

Zhotovitel tedy nemiize k dodate¢nym nédkladim zpiisobe- rued costs that shall be included in the price for the work. In other

nym nepredvidatelnymi fyzikalnimi podminkami pfi¢ist zisk. words, the Contr‘actor cannot adq his profllt to the addltl‘onhal costs
due to these unforeseeable physical conditions. Here, it is again

Jde tedy v tomto aspektu opét o sdilené riziko, pri¢emz - .

néklady podle vzord FIDIC znamenaji veskeré dcelnd vyna- a shared risk whereas the costs pursuant to the FIDIC forms imply

lozené vydaje (nebo vydaje, které maji byt vynaloZeny) zho- all the purposely-incurred expenditures (or those that are to be
incurred) by the Contractor on-site or off-site,

tovitelem, na staveniS§ti nebo mimo né vdetné reZie - : . . L
Concerning the risk allocation, a substantial shift is then the

dobnych plateb.
a %(;SZ drllll’yrrcl g S?erm v alokaci rizik ie pak dorava &l. 4.12 ve arrangement in the Sub-Clause 4.12 of the FIDIC Silver Book
P e p b L which has a new title reading “Unforeseeable Difficulties™ and sti-

stiibrné knize FIDIC, kterd nese nové nazev Nepredvidatelné . . .
pulates that “except as otherwise stated in the Contract, the

komplikace a urCuje, Ze pokud neni stanoveno jinak, bude se . .
p 5 . M « L Contractor shall be deemed to have obtained all necessary infor-
mit za to, Ze zhotovitel obdrzel vSechny potrebné informace . . . . . .

e .« . . : . mation as to risks, contingencies and other circumstances which
vzhledem k rizikum, nepredvidanym uddlostem a jinym okol- . .o .

) R . PR . may influence or affect the Works”. It is further stipulated that the
nostem, které mohou mit vliv na dilo. Ddle je stanoveno, Ze . -
shotovitel podepsanim smlouvy piiial Golnou odpovédnost za Contractor — by signing the Contract — accepts total responsibility

podep y pryjal up p for having foreseen all difficulties and costs of successfully com-

P redv1£1 an,l V,SG:Ch komp }1ka01 a nékladu nutnjch k uspesr}em/u pleting of the Works and the Contract Price shall not be adjusted to
dokonceni dila a cena dila nebude upravena s ohledem na jaké- . ] e i
take account of any unforeseen difficulties or costs.

kO’}‘l nep’redv1dan§ kf)rgpllkaci: riebo naklgdy.v 7iko ‘e alok This provision therefore stipulates clearly that the risk is alloca-
ato Uprava tedy jednoznacne stanovuje, ze riziko je aloko- ted to the Contractor except for the situations defined by the con-

véano zhotoviteli mimo ?vr,lpady SmlOUVval{. definované, jako je tract, such as in case of “Force Majeure”. Force Majeure and its
connection with unforeseeability will be described below.

napfiklad situace ,,vy$§i moci“. Vy$§i moc a jeji vztah
3.5 Unforeseeable Operation of the Forces of Nature

k nepredvidatelnosti budou popsédny nizZe.
3.5 Nepredvidatelne procesy prirodnich sil The FIDIC Red and Yellow Books also define as a Employer’s
risk — apart from others — “all operation of the forces of nature

Cervend a 7lutd kniha FIDIC definujf jako riziko objednatele
Mmo jine 1 ve'skefe procesy prirodnich Slvl’ k’tere Jsou nepred- | which is unforeseeable or against which an experienced Contractor
Vld%teh}e a u nichZ nebylo Ize duvodné ogekavatt, Ze proti mim | ¢]d not reasonably heve been expected to have taken adequate
zkuseny zhotovitel podnikne preventivni opatfeni (podle €l. | oventative precautions” (as per Sub-Clause 17.3 h). The Silver
Book allocates already this risk to the Contractor barring the situa-

17.3 pism. h). Stfibrnd kniha uZ toto riziko alokuje zhotoviteli
s vyjimkou situace, kdyby nasledky nepredvidatelnych prirod- tion when the consequences of such unforeseeable natural forces

nich sil byly tak nepfiznivé, Ze by nabyly vyznamu vyssi moci would be so adverse that they would acquire the nature of Force
podle kapitoly 19 smluvnich vzord FIDIC. Majeure according to the Clause 19 of the FIDIC contract forms.
Disledky uvedeného rizika nepfedvidatelnych procesi pii- Consequences of the above risk due to the unforeseeable proces-
rodnich sil jsou stejné u Cervené, Zluté i stfibrné knihy. Pokud ses initiated by natural forces are the same regardless of the Book,
a do té miry, v niZ rizika nepfedvidatelnych procesi pfirodnich Red, Yellow or Silver. If and to the extent to which the natural for-
sil vedou ke ztrdtim nebo poskozeni stavby, oznami to zhoto- ces’” unforeseeable processes lead to losses or damaged constructi-
vitel bezodkladné sprdvci stavby a napravi tuto ztrdtu nebo on work, the Contractor will promptly give notice to the FIDIC
poskozeni v rozsahu poZadovaném spravcem stavby. Engineer and shall rectify this loss or damage to the extent requi-
Jestlize zhotoviteli vznikne zpoZzdéni anebo ndklady red by the FIDIC Engineer.
v dasledku ndpravy této ztrity nebo poskozeni, pfedd zhoto- Should the Contractor suffer a delay or costs due to remedying
vitel sprdvci stavby dal$i ozndmeni a vznikne mu ndrok na this loss or damage, the Contractor shall hand over to the FIDIC
prodlouzen{ lhaty pro dokonéeni v dasledku tohoto zpoZdéni, Engineer an additional notice and shall have the right to claim the
pokud je nebo bude dokonéeni opozdéno, a narok na uhraze- extension of time due to such delay if the completion is or would
ni veSkerych vzniklych nédkladu, které budou zahrnuty do be delayed, and the claim for settlement of all the accrued expen-

ceny dila. Zhotovitel tedy uplatiiuje dhradu ndkladu ztrét ses that shall be included in the price for the work. Thus, the
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nebo poskozeni, ndklady na ndpravu a ndklady Casové ztraty
zpusobené ztratou nebo poSkozenim a ndpravou, pripadné
i ndklady zpusobené pozdnimi pokyny sprdavce stavby pri
odstranovani ztrat a skod.

3.6 Vyssi moc

Nepredvidatelny fyzikdlni jev muZe nabyt vyznam ,,vy$si
moci“. FIDIC definuje ,,vy$§i moc* v ¢l. 19.1 jako vyjimecnou
uddlost nebo okolnost, kterd se vymyka kontrole smluvni stra-
ny, pred niZ se tato strana nemohla pfiméfené chranit pred uza-
vienim smlouvy o dilo a které se, vznikla-li, strana nemuZe
ucelné vyhnout nebo ji prekonat a kterou nelze v zdsadé pricist
druhé strané.

Musi jit tedy o vyjime¢nou udélost a neni v tomto pripade
relevantni, zda jde o uddlost predvidatelnou. Zhotovitel mize
v pifpadé vy$si moci ndrokovat prodlouZeni lhuty pro dokon-
Ceni a dodatecné naklady.

JestliZe brani vyS$8i moc provadéni v zdsadé celé rozestavéné
stavby po nepretrzitou dobu 84 dna, nebo po opakujici se obdo-
bi, které veelku ¢ini vice nez 140 dni, ze stejného davodu oznd-
mené vy$si moci, pak miZe jedna strana druhé strané ozndmit
odstoupeni od smlouvy.

Je zajimavé zminit, Ze FIDIC v soucasné dobé upousti od
pouziti terminu ,,vy$§i moc“ z duvodu jeho nejasnosti
a ruznosti definici v jednotlivych jurisdikcich. FIDIC nové pfi-
slusnou problematiku nazyva jako ,vyjimecna rizika“
(Exceptional Risks).

3.7 Zanik zavazku podie prava

Nepredvidatelny fyzikalni jev muZze pak ve svém extrému
vést k zaniku zdvazku podle rozhodného prdva smlouvy, kdy
podle smluvnich vzoru FIDIC plati, Ze jestliZe vznikne néjaka
uddlost nebo okolnost vymykajici se kontrole stran (v&etné
vyS$§i moci, ale neomezujici se pouze na ni), kterd znemoznu-
je jedné nebo obéma strandm plnéni jeji nebo jejich smluvnich
povinnosti nebo je ¢ini nezdkonnym, nebo kterd podle préva,
jimz se fidi smlouva o dilo, opravnuje strany, aby byly zpro-
§tény zdvazku dalSiho pInéni smlouvy, potom po ozndmeni
této uddlosti nebo okolnosti jednou stranou strané druhé
budou strany zpro$tény dalsiho plnéni.

4 ZAVERY

Pro efektivni fizeni doddvky podzemnich staveb je nejvhod-
néjsi pouzit standardizované smluvni vzory upravujici typy
projektd Generdlni dodavatelstvi (D/B/B) a Design—Build
(D/B). V ptipadé vzorovych dokumenta FIDIC je nejvhodnéjsi
»cervend™ ¢i za ur€itych okolnosti i ,,zlutd* kniha, které aloku-
ji riziko nepredvidatelnych geologickych podminek veétsi
mérou na objednatele. PouZit{ knihy ,,stfibrné“ se v podzemnim
stavitelstvi nedoporucuje vzhledem k vysokym poZzadavkam na
znalost detailt ddaju o celém (i podpovrchovém) stavenisti uz
ve fdzi zadédni zakdzky.

V pripadé zakdzek Design—Build s menS$i mirou rizik spoje-
nych s fyzikdlnimi podminkami a jejich vlivy na podminky rea-
lizace, jakymi jsou typicky doddvky technologickych zafizeni
pri pouziti EPC smluv, potfebuji vSichni uchaze¢i udaje
o staveniSti ve velkém detailu. Riziko uvedenych fyzikdlnich
podminek je totiz plné alokovédno zhotoviteli, ktery potfebuje
pro ocenéni a volbu technického feSeni védét, jak uvedené pod-
minky ovlivni jeho feSeni v projektové dokumentaci a jaké
postupy a metody ma zhotovitel zvolit pri realizaci v danych
podminkéch.

Jestlize jsou rizika spojend s fyzikdlnimi podminkami
a jejich vlivy na podminky realizace vyznamné, je v pripadé
zakdzek Design—Build v zdjmu objednatele alokovat tato rizika
u sebe a pouzit typicky u podzemnich staveb spiSe Zlutou nez
stiibrnou knihu FIDIC.
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Contractor shall lay claim to compensation for costs, losses, or
damages, expenses for remedy and the costs ascribable to lost time
due to a loss or damage or remedy, or even the expenditures due to
the late instructions of the FIDIC Engineer during remedying of
losses and damages.

3.6 Force Majeure

An unforeseeable physical phenomenon can take the meaning of
“Force Majeure. FIDIC defines ,,Force Majeure* in the Sub-
Clause 19.1 as “an exceptional event or circumstance which is bey-
ond a Party's control, which such party could not reasonably have
provided against before entering into the Contract, which, having
arisen, such party could not reasonably have avoided or overcome
and which is not substantially attributable to the other Party”.

It must therefore be an exceptional event and it is irrelevant here
if it is an unforeseeable event. In the event of Force Majeure the
Contractor may lay claim to extension of the time for completion
and to additional costs.

If a Force Majeure impedes execution of the unfinished con-
struction work, basically as a whole, for continuous period of 84
days, or for repeating spans of time, lasting more than 140 days
altogether, for the same reason of the reported Force Majeure, then
one of the contracting parties can give notice to the other its termi-
nation of the contract.

It is interesting to mention that FIDIC currently turns away from
using the term “Force Majeure” because of its unclear nature and
diversity of its definition in the individual jurisdictions. FIDIC
newly called the respective issues as “Exceptional Risks”.

3.7 Extinction of Obligation According to the Law

In its extreme form an unforeseeable physical phenomenon may
then lead to extinction of an obligation according to governing law
of the contract when it applies pursuant to the FIDIC contract form
that if an event or circumstances beyond control of the parties (inc-
luding but not limited to a Force Majeure) arise, not allowing one
or both parties to perform its or their obligations or making these
obligations unlawful, or authorizing the parties — in compliance
with the law that governs the contract for work — to be relieved of
their obligation to perform the contract further on, then the parties
shall be relieved of any further performance after this event is
announced by one of the parties to the opposite party.

4 CONCLUSIONS

It is most appropriate to use for effective management of underg-
round construction the standardized contracting forms regulating
the “General Contracting (D/B/B)” and “Design-Build (D/B)* pro-
ject types. In the event of the FIDIC forms documents, the “Red”
or — under certain circumstances — also the “Yellow” Book that
both allocate the risk of unforeseeable geological conditions large-
ly to the Employer is most convenient. In the underground con-
struction it is not recommended to use the “Silver” Book due to the
highly demanding requirements regarding the knowledge of data
details of the site as a whole (even beneath its ground surface) as
early as at the stage of project specifications.

In the case of Design-Build contracts with lower level of risks
associated with physical conditions and their effects on the condi-
tions of implementation, such as typically supply of technology by
using of EPC contracts, the bidders require the site date in the great
detail. The risk of mentioned physical conditions is namely entire-
ly allocated to the Contractor, who needs for the purpose of price
estimation and for the purpose of choice of technical solution to
know, how the given conditions affect his solutions contained in
the design documentation and which progresses it should choose
by implementation under given conditions.

If the risks connected with the physical conditions and their
influences on conditions of implementation are considerable, in the
case of Design-Build contracts it is the interest of the Employer to
allocate these risks by itself and choose in the case of underground
constructions rather the Yellow than the Silver Book of FIDIC.
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Tab. 2 Obecné srovndni alokace rizik regulovanych v podminkdch ,,éervené*, ,,zluté* a ,,stiibrné* knihy FIDIC
Table 2 Basic Comparision of Risk Allocation Regulated in Terms of ,,Red*, ,,Yellow* and ,,Silver* Book of FIDIC

0 = riziko nesené objednatelem; Z = riziko nesené zhotovitelem; S = riziko sdilené
E = Employer’s risk; C = Contractor’s risk; S = Shared risk

Clanek knihy Identifikace rizika Cervena kniha Zluté kniha Stfibrna kniha
Clause Identification of Risk Red Book Yellow Book Silver Book
1.9 ,Cervené knihy“ Opozdéné vykresy nebo pokyny (objednatele) (0} - -
1.9 ,Red Book®  Delayed Drawings or Instructions (by the Employer) E -
1.9 ,Zluté knihy*  Chyby v pozadavcich objednatele 0 Y4
1.9 ,Yellow Book*  Errors in the Employer's Requirements E C
2.1 Pravo pfistupu na stavenisté 0 0] 0]
2.1 Right of Access to the Site E E E
47 VytyCovani (z&kladnich bodd, lini a vySek) 0 0 4
47 Setting Out (of original points, lines and levels of reference) E E C
412 Neprfedvidatelné fyzikalni podminky S S Z/C
Unforeseeable Physical Conditions Cas=0/Time=E Cas=0/Time=E
Naklady = O / Costs = E Néklady = O/ Costs = E
ReZie = O/ Overhead = E Rezie = O/ Overhead = E
Zisk =Z / Profit=C Zisk =Z / Profit=C
4.24 Archeologické nalezy S S S
Fossils Cas=0/Time =E Cas=0/Time=E Cas=0/Time=E
Naklady = O / Costs = E Néklady = O/ Costs = E Néklady = O/ Costs = E
ReZie = 0/ Overhead = E Rezie = 0/Overhead=E  Rezie =0/Overhead = E
Zisk=Z/ Profit=C Zisk=Z/ Profit=C Zisk=Z/ Profit=C
74 Prodleni objednatele provést zkousky 0 0 0
Employer’s Delay to Perform Tests E E E
75 Neschvaleni zafizeni, materiall a praci Z Z z
Rejection of Plant, Material or Workmanship C C C
76 Opravné prace y4 Y4 Z
Remedial Work C c C
84 Prodlouzeni Ihiity pro dokonéeni S S S
Extension of Time for Completion Cas=0/Time=E Cas=0/Time=E Cas=0/Time=E

Naklady = O / Costs = E Néklady = O/ Costs = E Néklady = O/ Costs = E
ReZie =0/ Overhead = E Rezie =0 /Overhead=E  ReZie = O/ Overhead = E

Zisk =27/ Profit=C Zisk=Z/ Profit=C Zisk=Z/ Profit=C
8.4 Mimoradné nepfiznivé klimatické podminky S S Z/C
Exceptionally Adverse Climatic Conditions Cas=0/Time=E Cas=0/Time=E

Naklady = O / Costs = E Néklady = O/ Costs = E
Rezie =0/ Overhead = E Rezie = O/ Overhead = E

Zisk =Z / Profit=C Zisk =Z / Profit=C
8.5 Zpozdéni zplsobend Urady S S S
Delays Caused by Authorities Cas=0/Time =E Cas=0/Time =E Cas=0/Time =E

Naklady = O / Costs = E Néklady = O/ Costs = E Néklady = O/ Costs = E
Rezie =0/ Overhead = E Rezie=0/Overhead=E  Rezie = O/ Overhead = E

Zisk = Z | Profit=C Zisk = Z [ Profit = C Zisk = Z [ Profit = C
8.6 Nedostatecna rychlost postupu praci y4 y4 y4
Insufficient Rate of Progress C c c
8.9 Nasledky preruseni praci S S S
Consequences of Suspension Cas=0/Time=E Cas=0/Time=E Cas=0/Time=E

Naklady = O / Costs = E Néklady = O/ Costs = E Néklady = O/ Costs = E
Rezie =0/ Overhead = E Rezie=0/Overhead=E  Rezie =0/ Overhead = E
Zisk = Z [ Profit= C Zisk =Z / Profit= C Zisk = Z | Profit= C

9.4 Nelspésné prejimaci zkousky y4 Y4 Z
Failure to Pass Tests on Completion C C C
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Clanek knihy Identifikace rizika Cervena kniha Zluta kniha Stfibrna kniha
Clause Identification of Risk Red Book Yellow Book Silver Book
10.2 Prevzeti Casti stavby 0 0 0
Taking Over of Parts of the Works E E E
10.3 Prekazky provedeni zkouSek pfi prevzeti 0 0 0
Interference with Tests on Completion E E E
114 Neodstranéni vad Z z Z
Failure to Remedy Defects c c c
11.8 Patrani po pficiné vady S S S
Contractor to Search for the Cause of any Defect Cas=0/Time=E Cas=0/Time=E
Naklady = O / Costs = E Néklady = O/ Costs = E Néklady = O/ Costs = E
ReZzie=0/Overhead=E  Rezie =0/ Overhead = E Rezie = O/ Overhead = E
Zisk=Z/ Profit=C Zisk=Z/ Profit=C Zisk=Z/Profit=C
12.3 Oceriovani 0 nebo Z - -
Evaluation EorC
12.4 ,ervené knihy“ Vypusténi praci z divodu zmén S - -
12.4 ,Red Book®  Omission of any Work according to Variation Cas=2
Naklady = O
Rezie =0
Zisk=2
12.4 Zluté &
stfibrné knihy* Netispésné zkousky po prevzeti praci - 4 Z
12.4 ,Yellow &
Silver Book* Failure to Pass Tests after Completion C C
13.3 Postup pfi zménach S S S
Variation Procedure Cas=0/Time=E Cas=0/Time=E Cas=0/Time=E
Naklady = O / Costs = E Néklady = O / Costs = E Naklady = O / Costs = E
Rezie=0/Overhead=E  ReZie =0/Overhead=E ReZie = O/ Overhead = E
Zisk =Z [ Profit = C Zisk =Z [ Profit = C Zisk = Z [ Profit = C
13.7 Upravy v diisledku zmén legislativy S S S
Adjustments for Changes in Legislation Cas=0/Time=E Cas=0/Time=E Cas=0/Time=E
Naklady = O / Costs = E Néklady = O/ Costs = E Néklady = O / Costs = E
Rezie=0/Overhead=E  ReZie =0/Overhead=E ReZie = O/ Overhead = E
Zisk=Z/ Profit=C Zisk=Z/ Profit=C Zisk=Z/Profit=C
13.8 Upravy v disledku zmén néklad (valorizace) O nebo Z O nebo Z z
Adjustments for Changes in Costs (Indexation) EorC EorC c
14.8 Opozdéna platba 0 0] 0]
Delayed Payment E E E
15.4 Platba po odstoupeni objednatelem Y4 z Z
Payment after Employer's Termination C c C
16.1 Opravnéni zhotovitele prerusit prace 0 0 0]
Contractor's Entitlement to Suspend Work E E E
16.4 Platba po odstoupeni zhotovitelem 0 0 0]
Payment after Contractor's Termination E E E
171 Odskodnéni (zproSténi odpovédnosti) O nebo Z O nebo Z 0 nebo Z
Indemnities EorC EorC EorC
17.4 Nasledky rizik objednatele 0 0 0
Consequences of Employer’s Risks E E E
19.4 Nasledky vySsi moci S S S
Consequences of Force Majeure Cas=0/Time=E Cas=0/Time=E Cas=0/Time=E
Naklady = O / Costs = E Néklady = O / Costs = E Néklady = O / Costs = E
ReZzie=0/Overhead=E  Rezie =0/ Overhead=E Rezie = O/ Overhead = E
Zisk =Z / Profit=C Zisk =Z / Profit=C Zisk =Z / Profit=C
20.1 Naroky zhotovitele 0 0 0
Contractor's Claims E E E
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Z duvodu zfetelnych specifik podzemniho stavitelstvi se Regarding the clear specifics of underground construction pro-
FIDIC dohodl s ITA na piipravé nového vzorového dokumentu | jects, FIDIC came to agreement with ITA on preparation of a new
pro vystavbu tunela (nebo podzemnich dél obecné).

V soucasnosti jsou pripravovany podklady pro zaddni
a dochazi k sestavovani pracovni skupiny, kterd bude tento vzor
pripravovat. Vlastni prace na vzoru vsak nebyly jesté zahdjeny.
Po tom, co budou price zahdjeny, jsou obvyklou dobou pro
vyhotoveni testovaci verze daného dokumentu tfi roky.

model document to cover tunneling projects (or underground
works in general).

Currently, the sources are being prepared for assignment and
a workgroup is being put together to prepare this model. However,
work on the model itself has not yet been tackled. Once the work

. is commenced, it usually takes three years to prepare a test version
JUDr. LUKAS KLEE, Ph.D., LL.M, MBA, of mentioned document.
lukas.klee @metrostav.cz,

MGR. DAVID HRUS'KA, david.hruska@metrostav.cz, JUDr. LUKAS KLEE, Ph.D., LLM, MBA

METROSTAV a.s. lukas.klee @metrostav.cz,

Recenzovali: Ing. Viktoria Chomovd, JUDr. Tomds Grulich, MGR. DAVID HRUSKA, david.hruska@metrostav.cz,

Mgr. Petr Hocky METROSTAV a.s.
V ¢lanku je pouzita odbornd terminologie dle FIDIC. FIDIC terminology is used in the paper.

POZNAMKY | REMARKS

1. Napr.: Great Belt Link Fire (Ddnsko 1994, skoda 33 mil. $), Munich Metro Collapse (Némecko 1994, skoda 4 mil. $), Metro Taipei Collapse (Tchai-wan 1994, skoda

12 mil. $), Metro Los Angeles Collapse (USA 1995 Skoda 9 mil. $), Metro Taipei Collapse (Tchai-wan 1995, $koda 12 mil. $), Hull Yorkshire Collapse (UK 1999, skoda
55 mil. $), TAV Bologna-Florence Collapse (Itdlie 1999, Skoda 9 mil. $), Anatolia Motorway Earthquake (Turecko 1999, skoda 115 mil. $), Metro Taegu Collapse (Jizni
Korea 2000, $koda 24 mil $), TAV Bologna-Florence Collapse (Itdlie 2000, Skoda 12 mil. $), Tchai-wan High Speed Railway Collapse (Tchai-wan 2002, Skoda 30 mil. $),
SOCATOP Paris Collapse (Francie 2002, skoda 8 mil. $), Shanghai Metro Collapse ( Cina 2003, koda 60 mil. $).
E.g.: Great Belt Link Fire (Denmark 1994, damage 33 Million $), Munich Metro Collapse (Germany 1994, damage 4 Million $), Metro Taipei Collapse (Taiwan
1994, damage 12 Million $), Metro Los Angeles Collapse (USA 1995 damage 9 Million $), Metro Taipei Collapse (Taiwan 1995, damage 12 Million $), Hull
Yorkshire Collapse (UK 1999, damage 55 Million $), TAV Bologna-Florence Collapse (Italy 1999, damage 9 Million $), Anatolia Motorway Earthquake (Turkey
1999, damage 115 Million $), Metro Taegu Collapse (South Korea 2000, damage 24 Million $), TAV Bologna-Florence Collapse (Italy 2000, damage 12 Million $),
Taiwan High Speed Railway Collapse (Taiwan 2002, damage 30 Million $), SOCATOP Paris Collapse (France 2002, damage 8 Million $), Shanghai Metro
Collapse (China 2003, damage 60 Million $).

2. Tunel v aredlu letisté Heatrow v Londyné se propadl 21. 10. 1994 a stal se nejvétsi mimorddnou uddlosti za posledni ctvrtstoleti. Uddlost zpusobila zruSent stovek letii, pro-

dlouzila otevieni drdhy o 6 mésicii a zpuisobila Skody za vice nez 141 milionii $. Soud uloZil zhotoviteli projektu Balfour Beatty rekordni penézity trest 1,2 milionu £ za obec-
né ohroZeni a hrubd poruseni bezpecnosti prdce. Dodavateli geomonitoringu, rakouské spolecnosti Geoconsult ZT GmbH, uloZil soud penéZity trest 500.000 £. Kromé toho
soud uloZil kaZdé spolecnosti uhradit dalsich 100.000 £ jako procesni ndklady.
The tunnel at the airport Heatrow in London caved in on 21 October 1994 and became the most extraordinary event in the last quarter-century. The collapse
caused the cancellation of hundreds flights, 6 months delay of track commisioning and caused damage in the amount of more than 141 Million $. The court orde-
red a record fine of 1,2 Million £ to the contractor Balfour Beatty plc. for endangering the safety of the public and gross violation of occupational safety. To the
supplier of geomonitoring, Austrian company Geoconsult ZT GmbH, the court imposed a fine of 500.000 £. In addition, the court ordered to each company to pay
Sfurther 100.000 £ as legal costs.

3. Napr.: Austrian Standard B 2203-1 (2001), Conditions of Contract for Works in Underground Construction
Swedish Standard AMA AF (2010), Guidance for the Preparation of Particular Conditions for Building and Civil Engineering Works and Building Services Contracts
Swiss Code 118-198 (2004), General Conditions for Underground Construction Work
US Federal Highways Administration, Handbook of Tunnelling: Technical Manual for Design and Construction of Road Tunnels
Eg.: Austrian Standard B 2203-1 (2001), Conditions of Contract for Works in Underground Construction
Swedish Standard AMA AF (2010), Guidance for the Preparation of Particular Conditions for Building and Civil Engineering Works and Building Services
Contracts
Swiss Code 118-198 (2004), General Conditions for Underground Construction Work
US Federal Highways Administration, Handbook of Tunnelling: Technical Manual for Design and Construction of Road Tunnels
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NAVRH RAZENYCH KOMOR KABELOVEHO TUNELU V SINGAPURU
SCL TUNNEL ADITS DESIGN OF CABLE TUNNEL IN SINGAPORE

TOMAS Z[TKO, KURT ZEIDLER

ABSTRAKT

Singapurskd Energetika se rozhodla vybudovat v Singapuru dva kabelové tunely (severo-jizni a vychodo-zdpadni rad) o celkové délce
priblizné 35 km za ticelem uloZeni deseti 400 kV okruhui elektrickych kabelu. Spole¢nost Gall Zeidler Consultants dostala za tikol vypra-
covat tendrovy ndvrh komor razenych z Sachet Gambas, Sembawang a docasné Sachty Mandai, spadajicich pod kontrakt NS1 a komor
razenych z Sachet Marymount a PIE, spadajicich pod kontrakt NS3 severo-jizni trasy. Tyto komory budou raZeny Novou rakouskou tune-
lovaci metodou (NRTM) a budou slouZit jako startovacil/prijimaci komory pro razici Stity. Navrh komor zahrnoval interpretaci geolo-
gickych podkladi, ndvrh konceptu raZeb, docasného zajisteni vyrubi pomoci horninovych svornikii a primdrniho osténi ze stiikaného
drdtkobetonu a ndvrh trvalych konstrukci z monolitického Zelezobetonu. Pro ovéreni chovdni a stanoveni vnitrnich sil v primdrnim i
sekunddrnim osténi bylo provedeno nékolik numerickych 2D modelii s vyuZitim programu Phase2, v8.006, jejich? vysledky byly ndsled-
né posouzeny podle BS EN 1992-1-1:2004.

ABSTRACT

Singapore Power decided to build two cable tunnels, the North-South & East-West line, with a combined length of 35km for storage of ten
400kV electric cables. Gall Zeidler Consultants (GZ) undertaken the tender design of SCL tunnel adits of contract NSI & NS3 of the North-
South line, i.e. SCL tunnel adits excavated from Gambas, Sembawang and Temporary Mandai shaft (contract NS1) and tunnel adits excava-
ted from Marymount and PIE shafts (contract NS3). The proposed SCL adits are intended as TBM launching/receiving chambers. The GZ
design included the interpretation of geotechnical data in the contract areas, design of temporary structures comprising SFR shotcrete initial
lining & rock dowels and permanent structures (secondary lining made from reinforced cast-in-place concrete). A few 2D numerical analyses
were carry out using software Phase2 v8.006 to assess the performance of the ground and tunnel lining during the NATM tunnelling and stres-
ses as well as associated ground deformations were derived. The SFR shotcrete initial lining and cast-in-place concrete final lining section
forces derived from the analyses were checked against the concrete section capacity in accordance with BS EN 1992-1-1:2004.

uvob INTRODUCTION

Singapurskd Energetika se rozhodla vybudovat dva kabelo-
vé tunely napfi¢ ostrovem (severo-jizni a vychodo-zdpadni
fad), aby bylo mozné i do budoucna zaruéit spolehlivou
a kvalitni dodavku energie pro domadcnosti i prumysl
v Singapuru. Na tomto projektu v hodnoté priblizn¢€ 2 miliard
americkych dolaru spolupracuje fada vyznamnych spole¢nos-
ti, jejichz dkolem bude zprovoznit do roku 2018 celkem
35 km prenosovych kabell soustavy velmi vysokého napéti.

Severo-jizni kabelovy tunel je dlouhy 18,5 km a vede
z méstské ¢dsti Gambas do May School a je navrzen pro ulo-
Zeni deseti 400 kV okruhu elektrickych kabela.

Vystavba tohoto tunelu byla rozdélena do tfi samostatnych
kontrakti — NSI, NS2 a NS3 (obr. 1) a spolecnost Gall
Zeidler Consultants (GZ) se podilela na tendrové dokumenta-
ci kontraktu NS1 a NS3. Zadan{ projek¢nich praci zahrnova-
lo interpretaci geotechnickych dat v rozsahu predmétnych
kontraktt a ndvrh NRTM komor napojenych na Sachty
v kazdém tseku.

ZAKLADNI INFORMACE O KONTRAKTU NS1

Kontrakt NS1 zahrnuje nejsevernéjsi ¢ast severo-jizni trasy
kabelového tunelu vedouci ze Sachty Gambas, ktera tvori roz-
hrani se stdvajicim tunelem, do do¢asné Sachty Mandai tvo-
fici rozhrani s kontraktem NS2. Usek NS1 se sklddd z 5,87 km
dlouhého tunelu razeného TBM vnitiniho praméru 6 m a tif
Sachet — Gambas zasahujicich do hloubky pfiblizné 53 m,
déle pak z cca 43 m hluboké Sachty Sembawang a docasné
Sachty Mandai hluboké pres 59 m. Pfedpoklada se, zZe vSech-
ny Sachty budou zapaZeny nejprve podzemnimi sténami
vetknutymi do tnosného skalniho podlozi, ve kterém budou
Sachty dale hloubeny s pouzitim obezdivky ze stfikaného
betonu, a to az do tdrovné budoucich tunelt (ndvrh Sachet

Singapore Power decided to build two cross-island cable
tunnels (North-South & East-West line) to ensure that
Singapore’s households and businesses continue to enjoy
secure, reliable and quality power supply to meet future
demand. Plenty of major companies will work on this $2 bil-
lion project to build in total 35km of extra-high voltage elec-
tricity transmission cables till 2018.

The North-South Transmission Cable Tunnel will be
18.5km running from Gambas to May School, designed for
storage of ten 400kV circuits of electrical cables.
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Obr. 1 Celkovy pohled na SJ trasu kolektoru
Fig. 1 Overview of NS Cable Tunnel Route
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nebyl predmétem prace spole¢nosti Gall Zeidler Consul- The tunnel will be constructed under 3 No. civil constructi-
tants). on contracts - NS1, NS2 & NS3 (Fig. 1) and Gall Zeidler

Predpokladd se nasazeni dvou plnoprofilovych tunelova- Consultants (GZ) have been asked to contribute to the tender
cich stroju, kdy jeden bude razit z Sachty Gambas, umisténé design for Contract NS1 & NS3. The scope of services inclu-
na severnim konci trasy, a druhy z docasné Sachty Mandai, ded the interpretation of geotechnical data in the contract
nachdzejici se na jiznim konci dseku NS1. Tyto §tity budou areas and the design of SCL tunnel adits connected to the
razit proti sobé smérem k cilové Sachté Sembawang umiste- shafts in each section.

né priblizné uprostred dseku NS1. Projektovana délka strojné

razeného useku mezi Sachtami Gambas a Sembawang je BASIC INFORMATION ABOUT CONTRACT NS1

3,05 km a mezi Sachtami Mandai a Sembawang 2,77 km. Contract NS1 comprises the most northern contract of the

North-South Transmission Cable Tunnel running from Gambas
Shaft (interface with existing cable tunnel) to Temporary

ZAKLADNI INFORMACE O KONTRAKTU NS3

Kontrakt NS3 tvoii nejjizngj§i Cast severo-jizniho trasy | Mandai Shaft (interface with Contract NS2). The works in this
kolektoru jdouci z Sachty Ang Mo Kio, kterd tvori rozhrant Contract consist of a 5.87km TBM tunnel with an internal dia-
s kontraktem NS2, do Sachty May tvotici rozhrani s YYChOdO' meter of 6m and three Shafts, namely Gambas Shaft (formati-
zdpadnim kabelovym tunelem prenosové soustavy. Usek NS3 on level ca. 53metres below ground lever (mbgl)), Sembawang
zahrnuje 7,31 km dlouhy tunel raZeny TBM vnitinfho primé- Shaft (formation level ca. 43mbgl) and Temporary Mandai
ru 6 m a dvé Sachty — Sachtu Marymount s hloubkou cca 60 m Shaft (formation level ca. 59mbgl). It is envisaged that all the
a Sachtu PIE hloubky okolo 58 m. Ob¢ Sachty by mély byt shafts to be constructed using a D-Wall type ERSS in the upper
v horni ¢dsti paZeny lamelami podzemnich stén vetknutymi part tying into competent rock, below which the shaft will be
do skalniho masivu, ze kterého budou ndsledné dohloubeny excavated in rock down to tunnel level (the design of the shafts
na potfebnou troven hornickym zpusobem s vyuzitim stiika- was not part of the scope of GZ services).
ného betonu, pfipadné svorniki. Two TBM drives are proposed to be launched from Gambas

Tendrovd dokumentace po€itd s nasazenim tif razicich Shaft and the Temporary Mandai Shaft, located at each end of
tunelovacich strojii, kdy jeden bude razit ze Sachty Mary- this section, driving toward the centrally located receiving
mount do Sachty Ang Mo Kio a dva zacnou razit z Sachty PIE | gembawang Shaft. Estimated length of the TBM tunnel from
smérem k Sachtdim Marymount a May (obr. 1). Gambas to Sembawang is 3.05km and from Mandai to

Odhadovand délka strojné raZenych tuneld z Marymount Sembawang 2.77km.

do Ang Mo Kio je 2,80 km, z PIE do Marymount 2,23 km
a z PIE do May 2,28 km. Sachta PIE je navrZena jako docCas- BASIC INFORMATION ABOUT CONTRACT NS3
nd a po skonceni razeb bude zasypdna a povrch uveden do

piivodniho stavu Contract NS3 comprises the most southern contract of the

North-South Transmission Cable Tunnel running from
GEOLOGICKE A HYDROGEOLOGICKE VLASTNOSTI Ang Mo Kio Shaft (interface with Contract NS2) to May
Shaft (interface with East-West Transmission Cable Tunnel).
The works in this contract consist of a 7.31km long TBM tun-
nel with an internal diameter of 6 m and two Shafts, namely
Marymount Shaft (formation level ca. 60mbgl) and PIE Shaft
(formation level ca. 58mbgl). It is envisaged that both shafts
to be constructed using a D-Wall type ERSS in the upper part
tying into competent rock, below which the shaft will be exca-
vated in rock down to tunnel level.

As per the Tender Documents, three TBM drives are propo-
sed for the works: one TBM to be launched from Marymount
Shaft towards Ang Mo Kio Shaft and two TBMs to be laun-
ched from the PIE Shaft driving away from each other to
Marymount Shaft and May Shaft (Fig. 1).

Estimated length of the TBM tunnel from Marymount to
Ang Mo Kio is 2.80km, from PIE to Marymount it is 2.23km
and from PIE to May it is 2.28km. The PIE shaft is
a temporary structure and will be backfilled and reinstated
following completion of tunnelling works.

Typicky geologicky profil v této lokalité je tvoren tenkou
vrstvou pokryvnych dtvart (kypry hnédy prachovity pisek
a velmi mékky az tuhy hnédy piscity jil) prekryvajici Zulové
souvrstvi Bukit Timah, charakteristické masivni zvétralou
vrstvou (GIV-GVI: pevny az tvrdy, Zluty a hnédy, mirné pis-
¢ity jil a stiedné ulehly az velmi ulehly, Zluty a hnédy, $tér-
kovity, velmi hlinity pisek) a zdravou horninou lezici pod ni
(GI-GIII: mekky az velmi pevny, Sedy, velmi rozpraskany az
masivni mirné zvétraly az zdravy hrubozrnny granit). Nad
7ulovym souvrstvim Bukit Timah se muZe rovnéz lokdlné
vyskytovat souvrstvi Kallang (velmi mékky az pevny hneédy
a zluto-Sedy, obCas raselinovy jil a kypry az stiedné ulehly
Sedy jemny az hruby pisek).

Statické vypocty komor vzaly v dvahu kompletni geologic-
ky profil v misté kazdé Sachty, nicméné zcela zdsadni bylo
stanoveni stupné zvétrdni Bukit Timah Granitu, jakoZto
materidlu vyskytujiciho se v drovni razby komor.

Popis Bukit Timah Granitu zaloZeny na Interpretative
Baseline Report je ndsledujici:

GVI - rezidudlni zemina zastiZena jako kaSovity aZ pevny GEOLOGICAL AND HYDROGEOLOGICAL CONDITIONS

jemné Stérkovity jemné az hrubé pis¢ity prach nebo kypry az The typical geological profile in this area consists of a thin
ulehly mirné prachovity mirné $térkovity jemny aZ hruby layer of Fill (loose, brown, silty sand and very soft to stiff
pisek; brown sandy clay) overlying Timah Granit Formation, which

GV — zcela zvétraly tuhy aZ pevny jemné aZ hrubé piscity is characterised by a thick weathered zone (GIV-GVI: firm to
prach nebo ulehly az velmi ulehly jemny aZz hruby pisek; very stiff, yellow and brown, slightly sandy clay and medium

GIV - silné zvétraly az velmi ulehly prachovity §térkovity dense to very dense yellow and brown, gravelly very silty
pisek nebo pisek a Stérk se zdravymi horninovymi fragmenty sand) and more competent rock below (GI-GIII: weak to very
pripadné silné popraskand skdla s nizkym SCR a velmi niz- strong grey very fractured to massive moderately weathered
kym RQD (zpravidla méné nez 10%), je mozné rozpoznat to fresh course grained granite.). The Kallang Formation
pozustatky struktury horninového masivu; (very soft to firm brown and yellowish-grey occasionally

GIII — mirné zvétrald rozpraskana stredné pevnd aZz velmi peaty clay and loose to medium dense grey fine to coarse
pevna hornina; sand) can locally overlie the Bukit Timah Granite Formation.
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GII — jemné zvétralda mirné aZ jemné rozpraskand pevnd az
velmi pevna hornina;

GI - zdravd velmi pevnd az extrémné pevnd hornina (lita
skéla) s pavodnimi zlomy.

Na zdkladé vysledkd z pruzkumnych vrti provedenych
v oblastech projektovanych komor lze usuzovat, Ze doCasnd
komora Mandai bude razena prevdzné v mirné zvétralé hor-
niné s proménnou pevnosti a poruchovymi zénami. Vrty
zastihly silné zvétralé oblasti (GIV) proloZzené zdravym hor-
ninovym masivem. Rezidudlni zemina by se méla vyskyto-
vat pouze lokdlné v omezeném rozsahu, zatimco horninovy
masiv bude dominovat. V§echny ostatni komory by mély byt
razeny ve zdravé nebo jemné az mirné zvétralé horniné
(GI-III).

Narazend hladina podzemni vody byla zaznamendna 0,5 az
7 metrid pod zemi. Piezometrické profily byly sledovany
minimdlné 24 hodin po dokonleni vrtnych praci a hladina
podzemni vody se ustilila na hodnotdch 0,6 a7 6 metru pod
zemi.

Lze predpoklddat prusaky podzemni vody z puklin v hor-
ninovém masivu s proménnou intenzitou v zavislosti na stup-
ni rozpukanosti. V tendrové dokumentaci byl stanoven poza-
davek na provedeni injektdZe k utésnéni puklin, a tak byl
ndvrh komor zaloZen na predpokladu utésnéni puklin
v geologickém prostfedi v mife nezbytné k omezeni pruniku
podzemni vody do tunelu v prabéhu razby na zvladatelnou
droven.

KONCEPCE NAVRHU RAZEB KOMOR

Komory budou raZeny celkem z péti Sachet NRTM (za
pomoci trhavin nebo vyloZznikové frézy) a doCasné zajistény
pomoci obezdivky ze stiikaného driatkobetonu a horninovymi
svorniky. Trvalou konstrukci bude tvorit monolitické Zelezo-
betonové sekunddrni osténi chrdnéné mezilehlou féliovou
hydroizolaci. VSechny trvalé komory jsou navrZeny s celo-
plos$nou hydroizolaci.
Horninové svorniky:
e Pramér svorniku: 25 mm
e Tahova pevnost: 200 kN
e Vzddlenost po obvodé vyrubu: typicky 2 m
e Podélnd vzddlenost: typicky 2 m (u kratSich zdbéru
i mén¢)

e Sklolamindtové svorniky u vSech docasnych osténi na
Celbe

Vlastnosti stfikaného dratkobetonu:

e Nadrust pevnosti Eerstvého betonu (podle BS EN 14487-1)
v rozsahu oblasti A (J1-J2)

e Rezidudlni ohybovad pevnost podle BS EN 14487-1;
Tabulka 2; trida D1/S1

e 28denni pevnost: 35 MPa (C28/35)

Vlastnosti monolitického betonu C30/37:

 Charakteristickd tlakova pevnost: fck = 30 MPa; fy cybe

=37 MPa

e Stredni tahova pevnost: fctm= 2.9 MPa

e Mez kluzu vyztuze: fy = 460 MPa

Maximalni délka zabéru:

+ Sachta typu A: typicky 2 m (s vyjimkou Sachty Mandai)

+ Sachta typu C: typicky 2 m kalota a 4 m opé&ii

* Mandai Sachta typu A: typicky 1,5 m

e Mandai Sachta typu C — docCasna: typicky 1 m kalota

a 2 m opefi

Na zakladé prostorovych poZadavku investora, kvality hor-
ninového masivu a poZadavka na minimalni prostor pro pru-
chod TBM (obr. 2) byly odvozeny tfi typy pii¢nych feza
NRTM komor — typ A, typ C a doCasny typ C (bez protiklen-
by). Investor puvodné vyzadoval ndvrh profilt bez protiklenby

TuHel

The geotechnical and design analyses took into account the
full relevant ground profile at each shaft location however,
the assessments of the grade of Bukit Timah Granite, as
a material located within the tunnel elevations, was essential
for the design.

The description of the Buckit Timah Granite, based on
Interpretative Baseline Report, is as follows:

GVI — residual soil recovered as very soft to very stiff,
slightly gravelly, fine to coarse sandy silt or loose to dense,
slightly silty, slightly gravelly fine to coarse sand;

GV — completely weathered, stiff to hard, fine to coarse
sandy silt or dense to very dense, fine to coarse sand;

GIV — highly weathered to very dense, silty, gravelly sand
or sand and gravel with intact rock fragments, or highly frac-
tured rock with low SCR and very low RQD — generally less
than 10%, relic rock structure can be observed;

GIII — moderately weathered, fractured, moderately strong
to extremely strong rock;

GII — slightly weathered, moderately to slightly fractured,
strong to extremely strong rock;

GI — fresh, very strong to extremely strong intact rock with
original fractures.

Based on the boreholes performed in the tunnel adit areas,
it has been anticipated that Temporary Mandai Adit will be
constructed mainly in moderately weathered rock with vary-
ing strength and highly weathered zones. The boreholes
encountered highly weathered zones (GIV) inter-layered by
competent rock material. The residual soil should occur only
locally with limited extent and the competent rock will domi-
nate the ground behaviour. All other tunnel adits should be
excavated in fresh or slightly/moderately weathered rock (GI-
GIII).

Groundwater levels recorded in the exploratory holes
during drilling were between 0.5mbgl and 7mbgl. Standpipe
piezometers were monitored at least 24 hours after completi-
on of drilling and indicated groundwater levels between 0.6-
6.0mbgl.

It has been anticipated that the groundwater inflow into the
tunnels under construction will be joint-bound, with varying
levels of discharge depending on the degree of rock mass
fracturing. The Tender Documents required fissure grouting
to improve the ground therefore the design was based on the
assumption that the ground will be sufficiently treated to limit
the groundwater inflow where required.

CONSTRUCTION DESIGN CONCEPT

Tunnel adits from five individual shafts will be excavated
using SCL method (drill&blast or roadheader techniques) and
initially supported by SFR shotcrete lining and rock dowels.
Permanent structures will be built using a membrane-based
waterproofing system and cast-in-place concrete. All perma-
nent adits shall be fully waterproofed to prevent any ground-
water drainage into the tunnel.

Rock Dowels:

e Bolt Diameter: 25mm

e Tensile Capacity: 200kN

e In-plane Spacing: typically 2.0m

e Out-of-plane Spacing: typically 2.0m (or less if excavati-

on round length is shorter)

* GPR dowels at all faces that will be removed

Properties of SFR Shotcrete:

e Early Age Strength Gain (according to BS EN 14487-1)

in the range of Area A (J1 - J2)

e Residual Flexural Strength BS EN 14487-1; Table 2,

Classes D1/S1

e 28-days strength: 35MPa (C28/35)
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Cast-In-Place Concrete properties of
. Concrete C30/37:

typ komory “A e Specified Compressive Strength:
> -adit type ,A fck = 30MPa; fck cube= 37MPa
e Specified Tensile Strength: fctm= 2.9MPa

% * Yield Strength of Reinforcement:
= fy = 460MPa
o Maximum Excavation Round Lengths:
o e Adit Type A: typically 2.0m (except of
m| o Mandai Adits)
_ = e Adit Type C: typically 2.0m of top heading
=) and 4.0m of bench
= e Mandai Adits Type A: typically 1.5m
) i e Mandai Adit Temp. Type C: typically 1.0m of
Schema kolébky ~ top heading and 2.0m of bench
proTBM Y\ Three types of tunnel adit Cross-sections have
) ,TBM cradle been determined (namely Adit Type A, Adit
(indicative only) Type C and Temporary Adit Type C) based on the
Docasny betonovy i 3 Owner’s space requirements, the TBM space
zaklad pro TBM 5600 = requirements (see Fig. 2) and in-situ ground con-
Temporary concrete ' ' ditions. Furthermore, a flat invert of the adits was
base for TBM bed required, however, due to almost 60m water head,

the flat invert was optimised and a cross-section
with slightly rounded invert while maintaining
- a flat intrados surface was proposed.
IO??"ZZKO'”O’“ typu A — rozmery TBM The Type A Adit (typ. excavating @ 10.00m —
ig. 2 Tunnel Adit Type A — TBM Dimensions see Fig. 2) is intended as TBM laun-
ching/receiving chamber situated on the main tun-
nel alignment and can be excavated full-face.

The Type C Adit (@ 13.13m — see Fig. 3) and Temporary
Type C Adit (@ 12.23m — see Fig. 4) are intended to connect
the off-line shaft to the launching/receiving chambers (Type
A Adit) and are planned to be excavated in a top-heading and
bench sequence. The bench may be constructed either follo-
wing the top heading or after completion of the top heading
up to the temporary headwall.

Alternatively, the rock underneath TBM cradle can be exca-
vated after the TBM had passed through, to avoid the wasta-

v poévé, nicméne vzhledem ke skoro Sedesdtimetrové vysce
vodniho sloupce muselo dojit k optimalizaci pruZzezu, a tak
byly navrzeny profily s mirné¢ zaklenutym dnem pfi zachovani
vodorovného povrchu vnitrniho lice.

Komora typu A vnéj$iho pruméru zhruba 10 m (obr. 2) ma
slouZit jako startovaci/prijimaci komora pro razici §tity, je
situovédna primo v trase kabelového tunelu a je mozno ji razit
na plny profil.

Komora typu C (@ 13,13 m — obr. 3) a docasny typ C
(@ 12,23 m — obr. 4) jsou propojovaci komory mezi Sachtami,
umisténymi mimo trasu, a star-
tovacimi/prijimacimi komorami ty-

pu A. Jsou navrZeny s horizontdl-
nim ¢lenénim Celby na kalotu primarni osténi 150 mm
a opéH. Opéfi miZe byt raZeno initial lining 150mm f typ komory “C”
v zévésu za kalotou nebo muZe byt hydroizolace 50 mm (v¢etné vyhlazovaci vrstvy) tunnel adit type ,,C“ =
provedeno dodate¢né az po kom- waterproofing system 50mm L 8
pletnim vyrazeni kaloty. (including regulating layer) .
Kolébka TBM se muZe umistit sekundarni osténi 700-1200 mm
na docasny betonovy zdklad nebo final fining 700-1200mm
primo na horninu. V druhém pfi- -
padé se hornina pod kolébkou % 900-1400 mm
TBM odtézi az po prujezdu TBM, minimalni pozadovany =
¢imz dojde k uSetfeni vyplnového vnitfni prostor 11,0 m ) - &
betonu, kterym se jinak bude primarni osténi 50 mm uired internal space 11.0m -
muset vybetonovat docasny za- initial lining 50mm !
klad pro kolébku TBM. Kolébka hydroizolace 50 mm
se vSak v zadném pripadé nesmi (véetné vyhlazovaci vrstvy) =
umistit na sekundérni osténi 74d- waterproofing system 50mm £
né z komor (obr. 2). (including regulating layer) _
Primarni osténi je navrieno sekundarni osténi 700-1250 mm \ / I
jako vodé propustnd konstrukce, final lining 700-1250mm i ‘
a tl\,}d/fi neprend$i hydrostatické - 5 800-1350 mm ! 9130 | [1200 g
napeti. 11310 | 700 &
Nepropustnost trvalych kon- " =
strukci zaruéi uzavieny systém
plastové hydroizolace, sklddajici

se z vrstvy geotextilie (min.
750 g/m?2) a 3 mm tlusté fdlie.

Obr. 3 Komora typu C - skladba osténi
Fig. 3 Tunnel Adit Type C — Lining Compositon
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primarni osténi 200 mm

ze stfikaného dratkobetonu
initial lining 200mm

SFR shotcrete

horninové svorniky
L=40m ! '

rock dowels L=4.0m \ i ; K

rastr20mx2,0m . i

(vystFidang) «_ "\ i i /

(staggered)

" .
N, N K
" > |
|

kalota
top heading

docasna komora typu “C”
| temporary adit type ,,C*

ge of concrete for cradle temporary
invert. In the latter case, the cradle
would be founded on the rock surface.
The TBM cradle must not to be based
on permanent concrete invert (see
Fig. 2).

The initial lining is designed as
a drained structure and, hence, will not
support groundwater loads.

Watertightness of the permanent

pattern 2.0m x 2.0m ™ A ; i / s

structures will be ensured using a mem-
brane based waterproofing system com-
25 prising of a min. 750g/m? geotextile
and a 3mm thick waterproofing mem-
brane around the full tunnel circumfe-
rence.

Construction of the
Gambas/Sembawang (NS1) & PIE
(NS3) Adits

8000

11720

|

|

e |
___________ opéfi/ bench

i

From the base of the Gambas shaft
one tunnel Adit Type A and from
Sembawang & PIE shaft two tunnel

3720

|
10980
12230

Adits Type A (one on each sides of the
shaft) will be constructed along the
proposed alignment with maximum
excavation round length of 2.0m. The
break-out for the second adit may only
be carried out, after the first adit had
been excavated and fully supported

Obr. 4 Doc¢asnd komora typu C — primdrni osténi
Fig. 4 Temporary Adit Type C - Initial Support

Koncepce razby komor Gambas (NS1), Sembawang
(NS1) a PIE (NS3)

Z Sachty Gambas se bude razit jedna komora a z Sachet
Sembawang a PIE se budou razit dvé komory (jedna do kaz-
dého sméru staniceni trasy kolektoru) s maximalni délkou
zabéru 2 m. K prordzce do druhého sméru muze dojit nejdri-
ve po vyrazeni a zajisténi prvni komory na délku minimélné
10 m. Primdrn{ osténi se sklddd ze 100 mm stfikaného drat-
kobetonu a horninovych svornika minimélni délky 4 m. Pfed
samotnou prordzkou musi byt po obvode kaloty proveden
injektovany deStnik (jehly délky 12 m po 500 mm). Findln{
Celba (headwall) bude zajiSténa 100 mm vrstvou stiikaného
dratkobetonu a 4 m dlouhymi sklolaminatovymi svorniky
v rastru 2 X 2 m.

Po pruchodu raziciho stroje bude osazena féliova hydroi-
zolace a vybetonovdno 500mm sekundarni osténi z monoli-
tického Zelezobetonu. Sachta PIE coby do¢asna konstrukce
bude poté zasypdna.

Koncepce razby dodasnych komor Mandai (NS1)

Kvuli stisnénym podminkdm bude Sachta hloubena mimo
hlavni trasu a do trasy kabelového tunelu bude napojena pomo-
ci komory typu C (max. délka zdbéru kaloty 1 m a opéfi 2 m).
Komora typu C bude docasné zajis§téna pomoci stiikaného drat-
kobetonu tloustky 200 mm a svorniki 2x2 m /4 m (obr. 4).
Obezdivka docasné ¢elby komory typu C bude tvorena strika-
nym dratkobetonem (200 mm) a sklolamindtovymi svorniky
2x1,5 m; L =4 m).

Pred prorazkou z Sachty do komory typu C a stejné jako pred
prorazkou z komory typu C do komor typu A budou provedeny
injektované destniky (jehly délky 12 m po 300 mm).

Z komory typu C bude do kazdé strany v linii trasy raZena
komora typu A s maximdlni délkou zdbéru 1,5 m s tim, Ze razba
druhé komory muZe zaclit aZ po vyraZeni a zajisténi té prvni na
délku minimdln¢ 10 m. Pak jiz mohou byt razeny obé komory

over a length of at least 10m. The initi-
al support consists of SFR shotcrete
lining 100mm thick and rock dowels
40m long. Prior to the tunnel adit
break-out, grouted spiles — bars (L = 12.0m x 500mm) have to
be installed. On the headwall of the tunnel adit, 100mm of
SFR shotcrete will be applied and pattern 2.0 x 2.0m of 4.0m
long GRP dowels will be installed.
After the TBM had passed through, the waterproofing sys-
tem and 500mm thick final lining will be installed. Then PIE
Shaft as a temporary structure will be backfilled.

Construction of the Temporary Mandai Adits (NS1)

Due to site constraints the shaft will be constructed off-line
and from the base of the temporary Mandai shaft a Temporary
Adit Type C will be constructed (with maximum excavation
round length of top heading 1.0m and bench 2.0m) to conne-
ct the Temporary Mandai shaft to the main tunnel alignment.
The initial support of the Temporary Adit Type C consists of
200mm thick SFR shotcrete lining and rock dowels
(2.0 x 2.0m of 4.0m — see Fig. 4). Stability of the temporary
Type C headwall will be ensured by 200mm thick SFR shotc-
rete and 4.0m long rock dowels (2.0 x 1.5m).

In preparation for the break out from the shaft to the
Temporary Adit Type C, and prior to the break-out from the
Temporary Adit Type C to the tunnel Adit Type A, grouted
spiles — bars (L = 12.0m x 300mm) shall be installed.

From the Temporary Adit Type C the tunnel Adits
Type A will be constructed on both sides of the Temporary
Adit Type C with maximum excavation round length 1.5m.
The break-out for the second adit may only be carried out,
after the first adit has been excavated and fully supported (ini-
tial support) over a length of at least 10m. After that, both
adits can be excavated simultaneously. Their initial support
consists of 150mm thick SFR shotcrete lining and rock
dowels (2.0 x 1.5m; L = 4.0m). At the headwalls of the tunnel
Adits Type A, 150mm of SFR shotcrete will be applied and
pattern 2.0 x 1.5m of 4.0m long GRP dowels will be installed.
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horninové svorniky L=4,0 m
shiov desinik . rock dowels L=4.0m
L=1éemo;y50<(a)snr]1rln rastr 2,0 m x 2,0 m (vystfidané) Sachta / shaft

i — pattern 2.0m x 2.0m (staggered)
grouted spiles - bars

L=12m a 500mm

14000

primarni osténi 150 mm
z dratkobetonu

initial lining 150mm SFR

2000,

shotcrete

500

© 000

i | |.
typ komory “C”
tunnel adit type ,,.C“

]
horninové svorniky L=4,0 m k
rock dowels L=4.0m

rastr 2,0 m x 2,0 m (vystfidané)

pattern 2.0m x 2.0m (staggered)

i
i

4000 | e

Obr. 5 Sekvence razby — Marymount — rez ¢. 2
Fig. 5 Excavation Sequence — Marymount — Section #2

zdroven. Primdrni osténi se sklddd ze 150 mm stitkaného drdtko-
betonu a svornika (2x1,5 m; L = 4 m). Osténi &elby komory
typu A bude tvoreno 150 mm stiikaného dratkobetonu a zajisténo
sklolaminatovymi svorniky v rastru 2x1,5 m délky 4 m.

Po pruchodu razicich stroji bude v komore typu A nainsta-
lovdna féliova hydroizolace a 550 mm sekundéarni osténi. Ko-
mora typu C bude spole¢né s Sachtou zasypéna.

Pokud se béhem razby vyskytnou vetsi poruchové zény, bude
nutné prehodnotit ndvrh — nasazeni dal§ich podpurnych opatieni
(napr. jehlovani), zkrdceni zabéru, vytvoreni protiklenby, rychlé
uzavirani profilu.

Koncepce razby komory Marymount (NS3)

Z Sachty Marymount bude raZena komora typu C s maximdalni
délkou zabéru kaloty 2 m a op€fi 4 m, ktera napoji Sachtu na hlav-
ni trasu kabelového tunelu. Primérni osténi komory typu C bude
ze stifkaného betonu tloustky 150 mm a horninovych svorniku
délky 4 m, umisténych v rastru 2x2 m. Pred prorazkou do komo-
ry typu C musi byt z Sachty proveden injektovany destnik okolo
lice budouci kaloty (jehly délky 12 m po 500 mm). Stabilita findl-
ni Celby bude zajisténa vrstvou stifkaného dritkobetonu mocnos-
ti 150 mm a sklolamindtovymi svorniky 2x2 m délky 4 m (obr. 5).

Pred prordzkou z komory typu C do komor typu A budou zho-
toveny injektované desStniky (délky 12 m po 500 mm). Z komo-
ry typu C bude do kazdé strany v linii trasy kabelového tunelu
razena komora typu A podle stejnych zdsad jako u komor
Sembawang a PIE (obr. 6).

Po pruchodu raziciho stroje bude osazena féliovéd hydroizola-
ce a vybetonovéno sekundarni osténi z monolitického Zelezobe-
tonu. Tloustka sekunddrniho osténi komory typu C je 700 mm
(se zesilenim v misté napojeni na protiklenbu na 1000 mm)
s protiklenbou mocnosti 700-1250 mm (obr. 3). Tloustka sekun-
darniho osténi komory typu A je 500 mm s protiklenbou moc-
nosti 730—1000 mm.

After the TBM had passed through, the waterproofing sys-
tem and 550mm thick final lining for tunnel Adit Type A will
be installed and the Temporary Type C will be backfilled.

If significant zones of residual soil should be encountered,
additional pre-support measures may be required (e.g. syste-
matic grouted spiles — tubes) or reduced round length, roun-
ded invert or early invert closure may be used.

Construction of the Marymount Adits (NS3)

From the base of the Marymount shaft an Adit Type C will
be constructed (with maximum excavation round length of top
heading 2.0m and bench 4.0m) to connect the Marymount
shaft to the main tunnel alignment. The initial support of the
Adit Type C consists of 150mm thick SFR shotcrete lining
and rock dowels (2.0 x 2.0m; L = 4.0m). Prior to the tunnel
adit break-out, installation of grouted spiles — bars
(L = 12.0m x 500mm) from within the shaft is proposed.
Stability of the Type C headwall will be ensured by 150mm
thick SFR shotcrete and 4.0m long rock dowels (2.0 x 2.0m)
- see Fig. 5.

In preparation for the break out from the tunnel Adit Type C
to the Type A Adits, grouted spiles — bars (L = 12.0m x 500mm)
are proposed. Tunnel Adits Type A will be constructed on both
sides of the Adit Type C according to the same principles as
Sembawang & PIE adits (see Fig. 6).

After the TBM had passed through, the waterproofing sys-
tem and final lining will be installed. Thickness of the FL of
Adit Type C is 700mm (increases to 1000mm at interface with
invert) with thickness of invert 700-1250mm (see Fig. 3) and
thickness of the final lining of Adit Type A is 500mm with
invert thickness 730-1000mm.
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primarni osténi
100 mm ze stfikaného
dratkobetonu

primarni osténi

horninové svorniky dréatkobetonu

L=40m initial lining 100mm
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Obr. 6 Sekvence razby — Marymount — rez ¢. 3
Fig. 6 Excavation Sequence — Marymount — Section #3

STATICKE VYPOCTY A POSUDKY

Pro ovéreni chovani osténi v geologickém prostredi v pri-
béhu razby provddéné NRTM a stanoveni napéti a deformaci
v horninovém masivu bylo provedeno nékolik numerickych
modelt. Tyto 2D analyzy byly feSeny metodou kone&nych
prvki s vyuzitim programu Phase2, v8.006 od spolenosti
Rocscience Inc. Geologické prostredi bylo modelovdno pomo-
ci Sestiuzlovych trojihelnikovych prvku a osténi pomoci pruto-
vych prvku. Razba byla analyzovdna za podminek rovinné
deformace. Interakce ,,zemina—konstrukce* byla modelovana
pomoci elasto-plastického modelu s vyuzitim Mohr-Coulombovy
teorie. Rezidudlni zemina byla modelovdna v rezimu totdlnich
napéti s neodvodnénymi parametry (tab. 1). Primdrnimu
i sekunddrnimu osténi byly prifazeny odpovidajici parametry
tuhosti pro kazdy vypocetni krok. Svorniky byly do vypoctu
zahrnuty pomoci 1D ,,Rock Dowels* elementu typu ,,fully bon-
ded bolt* (tj. svorniky lepené po celé délce) s definovanou

Tab. 1 Geotechnické ndvrhové parametry
Table 1 Geotechnical Design Parameters

NUMERICAL ANALYSES AND DESIGN CHECK

Several two-dimensional Finite Element numerical analyses
were utilised to assess the performance of the ground and tun-
nel lining during the NATM tunnelling and stresses as well as
associated ground deformations were derived. The 2D FE
analyses were conducted using Phase2, v8.006 by Rocscience
Inc. using 6-node triangular solid elements to model the
ground and beam elements to model the lining. The excavati-
on was simulated by a plane strain calculation. For the
ground-structure interaction analyses an elasto-plastic materi-
al behaviour using the Mohr Coulomb theory was used. The
total stress analyses were performed using the un-drained
parameters of the Buckit Timah Granite weathered zone (see
Tab. 1). The initial lining and final lining, as well, were
modelled with appropriate stiffness parameters in each calcu-
lation stage. The individual rock dowels were taking into
account using 1D “Rock Dowels” elements (fully bonded bolt

Vrstva Y Ko Py G EX k
S (MN/m3) ©) (MPa) (MPa) (mis)
Pokryvny Utvar (eff param.) / Fill (eff param.) 0.0180 05 28 0.000 417 1.0E-8
Souvrstvi Bukit G(VI) 0.0185 0.8 0 0025<5x2<0.130 400xcu  1.0E-6
Timah G(Y) 0.0190 0.8 1 0075<10x2< 0200 400xcu  5.0E-6
Buki G(IV) 0.0230 0.8 35 0.050 300 7.0E-6
Timah a(n 0.0240 0.6 38 0.400 4000 1.0E-6
Femr G(ll) 0.0250 0.6 45 0.600 6000 5.0E-7
G(l) 0.0250 0.6 50 1.000 15000 1.0E-7
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Tab. 2 Doporuéené osténi podle predbéZnych analyz
Table 2 Recommended Lining based on the preliminary analyses
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Misto Typ Klenba / Arch Deska / Slab
(Sachta) Typ komory| osténi Tloustka Vyztuz / Reinforcement Tloustka Vyztuz / Reinforcement
Location AditType | Lining osténi/Thick- | yyitini finner | vngjgilouter | OSNI/ThiCk T yigeni finner | vngj&ir outer
(Shaft) Type ness of Lining (mm) (mm) ness of Lining (mm) (mm)
Gambas & A IL 100 SFR SFR N/A N/A N/A
Sembawang
& PIE FL 500 @12x100 @12x100 730-1000 @28x100 @16x100
Mandai A IL 150 SFR SFR N/A N/A N/A
FL 550 @20x100 @14x100 730-1000 @28x100 @20x100
Temp C IL 200 SFR SFR N/A N/A N/A
FL N/A N/A N/A N/A N/A N/A
Marymount A IL 100 SFR SFR N/A N/A N/A
FL 500 @12x100 @12x100 730-1000 @28x100 @16x100
C IL 150 SFR SFR N/A N/A N/A
FL 700* @20x100 @18x100 700-1250 @40x100 @28x100
LEGENDA / LEGEND: IL = Initial lining = primarni osténi

FL = Final lining = sekundarni osténi
N/A = not aplicable = neni aplikovatelné

SRF = Sprayed fiber reinforce = stfikany dratkobeton

* zvétSuje se na 1000 mm na styku s protiklenbou * increases to 1000 mm at interface with invert

tuhosti a pevnosti. Predvrtdvané injektované deStniky nebyly
v numerickych modelech zohlednény. Na povrchu bylo apliko-
vano rovnomérné plo$né pritizeni o velikosti 75 kPa ve vSech
vypocetnich krocich.

Hladina podzemni vody v zdjmovych oblastech byla zastiZe-
na zhruba 2 m pod povrchem a byla zahrnuta pouze do vypocta
sekundarniho osténi, nebot’ primérn{ osténi bylo uvazovéano jako
vodé propustné.

Jak vnitrni sily v primarnim osténi ze strikaného dratkobeto-
nu, tak i v sekunddrnim osténi z monolitického Zelezobetonu
byly posouzeny podle BS EN 1992-1-1:2004. Bylo pocitdno se
souCinitelem bezpecnosti betonu a rozptylé vyztuze 1,5. Vnitini
sily byly prendsobeny soulinitelem zatiZeni 1,4. Doporuéené
mocnosti osténi a vyztuZze ziskané z vySe popsanych numeric-
kych modelt a posudku jsou k dispozici v tab. 2.

ZAVER

V soucasné dobé se dokonluje provadéci projektova doku-
mentace a soucasné probihd hloubeni Sachty Gambas a betondZ
podzemnich stén ostatnich Sachet. Zacdtek razby startova-
cich/prijimacich komor pro razici stroje je pldnovan na srpen

a prvnf stroj by mél zaéit razit na prelomu roku 2013/2014.
ING. TOMAS ZITKO, tzitko@gzconsultants.com,
KURT ZEIDLER, Ph.D., CEng,
kzeidler@gzconsultants.com,
GALL ZEIDLER CONSULTANTS

Recenzovali: Ing. Radko Bucek, Ing. Martin Srb

LITERATURA / REFERENCES

elements with defined strength and stiffness). The ground
improvement effect by the grouted spiles was not taken into
account in the 2-D FE analyses. A surcharge load 75kPa was
applied on the surface for all calculation stages.

The ground water table in the analysed area was 2 m below
the ground surface and was taken in to account for permanent
stage only while the initial lining was considered as drained.

The SFR shotcrete initial lining and cast-in-place concrete
final lining section forces derived from the analyses were
checked against the concrete section capacity in accordance
with BS EN 1992-1-1:2004. It should be noted that the mate-
rial partial safety factor of 1.5 was adopted for concrete and
steel fibre reinforcement, respectively. Load factor of 1.4 was
also applied to axial forces and moments. The recommended
thicknesses and reinforcement of the linings, based on the
results of the analyses, can be found in Tab. 2.

CONCLUSION

Currently, completions of the design works of the transmis-
sion cable tunnels are under way and the construction of
Gambas Shaft has been commenced. The diaphragm wall
installation of the other shafts is under way. The tunnel adits
construction is scheduled to commence in August and first
TBM should launch at the turn of 2013/2014.

ING. TOMAS ZITKO, tzitko@gzconsultants.com,
KURT ZEIDLER, Ph.D., CEng,
kzeidler@gzconsultants.com,

GALL ZEIDLER CONSULTANTS

Design and Construction of North-South Transmission Cable Tunnel Contract NS1/NS3; Interpretative Baseline Reports, SP Power Assets

Limited. Singapur: zari 2011

ZITKO, T., ZEIDLER, K. Cdst tendrové dokumentace k Severojiznimu kabelovému tunelu prenosové soustavy tykajici se komor raZenych

NRTM. Londyn: Gall Zeidler Consultants, leden 2012
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FOTOREPORTAZ ZE STAVBY PRODLOUZENI TRASY V.A
PRAZSKEHO METRA

PICTURE REPORT FROM PRAGUE METRO V.A LINE EXTENSION SITE

Obr. 1 Definitivni osténi razené trojlodni stanice Veleslavin (foto Ing. Jiri Obr. 2 Definitivni osténi stanice Petiiny véetné vstupu pro vytahovou Sachtu
Junek) (foto Josef Husdk)

Fig. 1 Final lining of the mined triple-vault Veleslavin station (photo Ing. Jiri Fig. 2 Final lining of Petiiny station, including the lift shaft entrance
Junek) opening (photo Josef Husdk)

Obr. 3 MontdZ ramu klenby hloubené stanice Motol (foto Jan Martinec)
Fig. 3 Installation of vault frames for Motol cut-and-cover station (photo Jan Obr. 4 Podkladni a kolejové betony v tratbvém tunelu (foto Ing. Jifi Junek)

Martinec) Fig. 4 Blinding and trackbed concretes in a running tunnel (photo Ing. Jiri
Junek)

Obr. 5 Pohled ze stanice Borislavka na stiedni eskaldtorovy a tratbvé tunely Obr. 6 Pracovni proud budovdni definitivniho osténi stanice Bo¥islavka (foto
(foto Ing. Jiri Junek) Jan Martinec)

Fig. 5 Central escalator tunnel and running tunnels viewed from Borislavka Fig. 6 Flow of work on the installation of the final lining of Borislavka
station (photo Ing. Jiri Junek) station (photo Jan Martinec)
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FOTOREPORTAZ 2 VYSTAVBY TUNELOVEHO KOMPLEXU BLANKA
(STAV K CERVENCI 2013)

PICTURE REPORT FROM THE BLANKA COMPLEX
OF TUNNELS CONSTRUCTION (THE STATE AS OF JULY 2013)

Karlicek)

Fig. 1 Construction of the exhaust structure in Nad Octdrnou Street (photo
Jakub Karlicek)

= il
ol aill

=y -
Obr. 3 Zdsypy rampy podzemnich gardZi Prasny most (foto Jakub Karlicek)
Fig. 3 Backfilling of the ramp to the Prasny Most underground car park
(photo Jakub Karlicek)

Obr. 5 Odstavny zdliv v raZeném Bubenecském tunelu (foto Jakub Karlicek)

Fig. 5 Emergency stopping bay in the Bubene¢ mined tunnel (photo Jakub
Karlicek)

Obr. 2 Dokoncovaci prdce v hloubeném tunelu Brusnice (foto Jakub
Karlicek)

Fig. 2 Finishing operations in the Brusnice cut-and-cover tunnel (photo
Jakub Karli¢ek)

! -._1{*?
v |
Obr. 6 Vystavba vydechového objektu v ulici Nad Krdlovskou oborou (foto
Jakub Karlicek)

Fig. 6 Construction of the exhaust structure in Nad Krdlovskou Oborou

Street (photo Jakub Karlicek)
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ZE SVETA PODZEMNICH STAVEB / THE WORLD OF UNDERGROUND CONSTRUCTIONS

150 LET OD ZAHAJENI PROVOZU LONDYNSKEHO METRA A 170. VYROCI
DOKONCENI PRVNIHO LONDYNSKEHO TUNELU POD TEMZI

Dne 9. ledna 2013 uplynulo 150 let od zahdjeni provozu prvni linky
londynského metra. Je to vyroci, kterého jsme si mozna povsimli a asi
také vime, Ze londynskd podzemni drdha je nejstarsi na svété. Vétsinou
vSak nevime, Ze nejstar$i ¢dsti prvni linky londynského metra se stal
diive vyrazeny tunel pod TemZi, ktery nekolik let slouzil pésim
a koriskym povoziim, neZ do néj byly namontovédny koleje pro vlaky
metra tazené parnimi lokomotivami. Rozhodujici zdsluhu na vyrazeni
tohoto tunelu maji Marc Brunel a jeho jesté slavnéjsi syn Isambard
Kingdom Brunel. A pravé zde byl nasazen pfi razbé prvni nemechani-
zovany $tit. M€l obdéInikovy prufez. V Londyné dnes existuje muze-
um vénované tomuto tunelu pod Tem?Zi a jeho stavitelum — The Brunel
Museum Thames Tunnel.

O vyraZeni tunelu pod TemZi se dlouho uvazovalo, jeden z pokusu,
ktery byl nedspésné ukonCen v roce 1808, organizoval londynsky
notdr Trevithick.

Pii snaze vyfesit provedeni tunelu v mékkych zemindch pod dnem
TemzZe, nasel Marc Brunel inspiraci v nepatrném Zivocichovi, mor-
ském mékkysi, ktery byl zndmy jako ,.lodni Cerv (shipworm). Ten
provrtdva a zere dfevo a svymi exkrementy vyztuzuje chodbicky, které
vytvafi. Marca Brunela napadlo, Ze by na podobném principu mohl
vytvorit tunelovaci §tit (obr. 1). Rozhodl se pro pravouhly tvar, ktery
rozdélil na tricet Sest bunck prave tak velikych, aby v kazdé z nich mohl
pracovat jeden délnik vyzbrojeny krumpacem a lopatou. Ram §titu zaji-
stil prijatelnou ochranu pracovniku. PaZeni Celby obstaravaly vodorov-
né tramce zaptené do svislé konstrukce jednotlivych bunék. Tramce
byly postupné odebirdny a znovu osazovény do prohlubné vytvorené

delniky v Celbé. Takto po malych zdbérech se $tit pohyboval ve sméru
razby. Ihned za nim se vyzdivala definitivni konstrukce tunelu.

Razba tunelu byla zahdjena v roce 1825. Nebezpec¢i hrozilo prede-
v8im od feky TemZe, kterd tehdy byla vice stokou nez fekou. Voda pro-
sakovala pristropim a obCas doslo i k pruvalu vody. Nebezpedi kolap-
su bylo stalé. Zahnivajici voda také produkovala jedovaty a vybusny
methan. Ovzdusi na ¢elbé tunelu bylo hrozné. Délnici ¢asto omdléva-
li a museli byt vyndSeni na povrch, aby se na Cerstvém vzduchu vzpa-
matovali.

Brunelovi byli svym dilem pfimo posedli. Chtéli uspét i proto, Ze
verejnost sledovala budovéni tunelu pod TemZi s velkym ocekdvanim.

Mark Brunel, coby prvni $éfinZenyr stavby, si postupné znicil zdra-
vi. Trvalé prepracovani zapficinilo u néj zichvat mrtvice. Casto travil
i 36 hodin v podzemi na Celb¢, za coZ ho dé€lnici ocenovali, protoze
sdilel jejich nebezpeci. Jeho kariéra malem skoncila 12. ledna 1828,
kdy voda provalila pfistropi a béhem nékolika minut zaplavila tunel.
Mark se dokdzal vyprostit mezi padajicimi trdmy a proudici voda ho
donesla do Sachty. Sest délniki takové tésti nemélo. Problémy pri
razbé a pomaly postup zpusobily, Ze zdjem vefejnosti a hlavné inves-
tort opadal.

Isambard Kingdom Brunel prevzal misto $§éfinZenyra tésné po svych
dvaceti letech. Byl nejen vynikajicim inZenyrem, ale rozumél
i marketingu. Pro 50 vlivnych osob usporddal v dokoncené &asti tune-
lu banket (obr. 2). Jedlo se na stiibie a pilo z kiistilovych pohdra za
doprovodu hudby. Ugastnikiim banketu predvedl i své razite s jejich
krumpédi a lopatami. Tém byl ovSem obéd poddvdn méné honosné

z X4

v jiné ¢4sti tunelu.
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THE SHIELD AND FACE IN THE WESTERN ARCHWAY

i MARC BRUNEL'S
THAMES TUNNEL SHIELD

Obr. 1 Ndkres §titu pouzitého pri razbeé tunelu pod
TemZi (prevzato z ¢asopisu Tunnels and Tunnelling
International, vyddni brezen 2013)

Fig. 1 Chart of the shield applied to the tunnelling
under the Thames (taken over from Tunnels and

Obr. 2 Banket usporddany 1. K. Brunelem v dokon-
Cené Cdsti tunelu (prevzato z broZury muzea The
Brunel Museum Thames Tunnel, London)

Fig. 2 Banquet held by 1. K. Brunel in the comple-
ted part of the tunnel (taken over from a brochure

of The Brunel Museum Thames Tunnel, London)

Obr. 3 Dokonceny tunel po uvedeni do provozu
(prevzato z broZury muzea The Brunel Museum
Thames Tunnel, London)

Fig. 3 Completed tunnel after putting into service
(taken over from a brochure of The Brunel
Museum Thames Tunnel, London)

Tunnelling International journal, issue March 2013)

Priliv investi¢nich prostiedki se znovu obnovil a pres dalsi obtize
byl tunel nakonec dokon&en. Nestalo se tak po puvodné predpoklada-
nych trech letech, ale az po osmnécti v roce 1843!!!

Po slavnostnim poZehnédni dokonceného tunelu byl otevien pro
vefejnost 25. brezna 1843. Béhem patndcti tydnu jim progel
1 milion lidi, coZ byla polovina tehdejstho obyvatelstva Londyna.
Kazdy musel zaplatit jedno penny (obr. 3).

LITERATURA / REFERENCES

[11 Tunnels and Tunnelling International, Gnor a brezen 2013

Tunel pak slouZil pro pési i konské povozy, dokud v ném nebyly
v roce 1860 poloZeny koleje a tunel se stal soucdsti nejstarstho metra
na svété. Stavba tunelu byl revoluéni inzenyrsky ¢in i proto, Ze byl
prvnim tunelem vyrazenym na svété pod velkou fekou.

ING. MILOSLAV NOVOTNY,
sekretdr CzTA ITA-AITES

[2] The Brunels and their Tunnel Vision. BrozZura muzea: The Brunel Museum Thames Tunnel, London

MOZAIKA ZE SVETA

FINOVE UVAZUJi O ZELEZNICNIM TUNELU MEZI
HELSINKAMI A TALLINEM

Finsky geologicky trad pripravuje studii o moznych budoucich tra-
séch Zelezni¢niho tunelu, ktery by spojil Helsinky s Tallinem. Pfi nej-
kratsi uvazované trase by délka podmorského tseku tunelu byla kolem
50 km, cozZ by znamenalo, Ze by §lo o nejdel$i podmorsky tunel na svete.
Estonsko mé o takovy projekt samoziejmée zdjem a snaZi se na jeho pii-
praveé podilet. Zatim se uvazuje se zahdjenim stavby kolem roku 2050.

EGYPT PRIPRAVUJE NOVE TUNELY POD SUEZSKYM
PRUPLAVEM

Severné od mésta Suez je dnes v provozu jediny tunel pod Suezskym
pruplavem. Nézev tohoto automobilového tunelu je Martyr Ahmed
Hamdi Tunnel.

Pro posileni rozvoje sinajského poloostrova chystd egyptskd vlada
vystavbu t{ dalSich tunelt o priméru 12,20 m. Dva budou silnién{ délky
3 km a jeden Zelezni¢ni o délce 5 km.

TUNEL PRO NAMORNI LODE V NORSKU

Norskd vldda ozndmila pldn na vystavbu tunelu pro ndmorni lodg,
ktery by prispél bezpecnéjsi plavbé. More u jihozapadniho pobfezi

Norska, predev§im u poloostrova Stad, je velmi nebezpe¢né, vanou zde
silné vétry a morskd hladina je vétSinou silné rozbourend. Tunel by byl
49 m vysoky, Siroky 36 m a v délce 1,8 km by podchdzel mistni horsky
hieben. Umoznil by plavbu i velkych kontejnerovych lodi. Zahdjeni
stavby se planuje na rok 2018.

PRIVEDENI VODY Z RUDEHO DO MRTVEHO MORE

Hladina Mrtvého more (426 m pod trovni Stfedozemniho more)
klesa kazdy rok o vice nez 1 metr! Coz je alarmujici idaj, ve kterém se
odrazeji ekonomické i environmentdlni problémy regionu. Proto se
Svétovd banka rozhodla podpofit vypracovani dukladné studie, jak
zabrénit snizovani hladiny privedenim morské vody z Rudého more.
Znamenalo by to vybudovat tunel dlouhy 160 km. Vice viz Casopis
Tunnels et espace souterrain, No. 236, biezen/duben 2013.

50. VYROCI PRORAZKY AUTOMOBILOVEHO TUNELU
POD MONT BLANKEM

Prakticky s ro¢nim zpozdénim pfipomindme toto vyroci, protoze

k slavnostni prorazce tunelu doslo 15. zari 1962 za ucasti italského pre-
miéra Amintore Fanfaniho a jeho francouzského kolegy Georgese

Pompidoua.



Historie piekonévéni alpského hrebene mezi Francii a Itélif je oprav-
du bohata:

e v roce 218 pred Kristem 50 tis. kartaginskych vojdku pod vedenim

Hannibala pres Alpy vtrhlo do Itdlie (vedli tudy i slony);
e 0 dva tisice let pozdéji v Hannibalovych stopich vedl svych
40 tis. vojaku Napoleon, tehdy prvnf konzul francouzské republiky.

Prvnim tunelem spojujicim Francii s Itdlif se stal Zelezni¢ni tunel
Fréjus, jehoz tspesné dokonceni ozivilo dvahy o dalSich tunelech pod
alpskym hiebenem. Jednim z diskutovanych byl i tunel pod Mont
Blankem. Problémem byl i obtiZzny piistup k uvazovanému portdlu
u Chamonix, nicméné delegace parlamenti obou zemi projedndvaly
projekt tunelu jiz v roce 1908. Zahdjeni stavby zabranila prvni svétova
vélka i jeji nasledky ve vztazich a ekonomice zemi po jejim skonceni.
Nové jednani o tunelu se mezi obéma zemémi konalo v roce 1934
v Zenevé, ale politické podminky a néstup fasismu v Némecku zne-
moznily zahdjeni stavby.

Razba tunelu byla zahdjena brzy po skonceni 2. svétové valky dosti
raritnim zpusobem. Na své naklady zahdjil raZbu italsky inZenyr Lora
Titino v roce 1946. Urady mu ale prace zastavily v roce 1947, kdy bylo
vyrazeno 260 m tunelu.

Po uzavieni mezistdtnich dohod byla nakonec stavba tunelu definitiv-
n€ zahdjena z obou stran v roce 1959, razi¢i obou zemi méli kol vyra-
zit 2x5800 m tunelu. Vyraznym pomocnikem byl kolejovy vrtny viz
vazici 100 tun. Ve Ctyrech trovnich nesl 16 vrtacich kladiv s vrtnou dél-
kou max. 4 m. Béhem 42 mésicu raZeb zahynulo 21 muZi, 14 na italské
a 7 na francouzské strané. Skute¢nd, ne slavnostni prordzka se uskutec-
nila 14. srpna 1962 v 11:31 hod. a dosazend odchylka razeb byla 13 cm.

PRIMERENE VYBAVENI TUNELU

V kvétnovém ¢&isle Tunnelu, oficidlniho Casopisu némecké asociace
STUVA, je na str. 14 zajimavy dvojobrdzek. Jeho leva strana zachycuje
projektované vybaveni rozvadece systému fizeni provozu v Zelezniénim
bazovém tunelu Lotschberg, zatimco napravo je stejny rozvadég, ale po
odstranéni nepotrebnych (zbytnych) zafizeni. Trochu to pfipomind
,,vykradeny* rozvadé¢. Cely ¢lanek je drobnym piinosem k problematice
priméfeného v provozu potiebného vybaveni dopravnich tunelq.

TUNEL BANCAREVO

V poloviné fijna lonského roku spolenost Subterra a.s. zahdjila
price na vystavbé tuneld v srbském Bancarevu pro investora
Koridori Srbije. Jednd se o dva paralelni dvoupruhé tunely, které
jsou soucdsti dédlnice E 80 NiS — Dimitrovgrad v tseku Prosek —
Crvena Reka. Délka kazdého z nich je cca 700 m o razeném pri¢ném
profilu 88-95 m?2 (dle tiidy raZnosti). Razba tuneld je provddéna
pomoci NRTM s vyuzitim trhacich praci.

Po vyrazeni cca 120 m pravého tunelu se viak koncem loriského
roku projevil na prilehlych svazich hloubeného dseku ndrust defor-

Obr. 1 Celkovy pohled na mohutny portdl a zdrez tunelu
Fig. 1 Overall viev of the mighty tunnel portal and open cut
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KAMION NALOZENY 27 TUNAMI SYRA HOREL V TUNELU

PoZér kamionu vezouciho 27 tun syra v 3 km dlouhém tunelu Brattli
v Norsku fadil 5 dnf a zcela vyradil tunel z provozu. Jednalo se o hnédy
kozi syr s obsahem tuku pres 30 %. Zasah poZarniku byl extrémné obtiz-
ny, protoZe hofici syr produkoval husty toxicky dym. Nastésti nebyl
nikdo zranén. Ridi¢ kamionu, kdy? zpozoroval poZr svého vozidla,
dokdzal uniknout. TotéZ se podarilo posadce auta, které se nastésti jako
jediné nachdzelo v misté pozaru. Incident vyvolal diskusi, zda by se
nekteré ndklady potravin nemély zaradit mezi nebezpecné.

ZATOPENE DOPRAVNI TUNELY V NEW YORKU
- DUSLEDEK BOURE SANDY

Mohutnd boufe Sandy, kterd koncem fijna 2012 zdevastovala pobrez-
ni oblasti u New Yorku, zpusobila také zatopeni tif ze Ctyf automobilo-
vych tunelt ve mésté. Dne 29. fijna 2012 boure prihnala morskou vodu
do feky Hudson, kterd vnikla do mésta a jako prvni zatopila tunel Carey,
nejdelsi podvodni tunel v USA. Pozdgji byl vodou, kterd se hnala ulice-
mi Manhattanu, poprvé za dobu své existence zatopen tunel mezi
Brooklynem a spodnim Manhattanem, jehoZ dvéma troubami normalné
projizdi 49 500 vozidel denné. V jedné troubé tohoto tunelu se podarilo
obnovit provoz 14. listopadu 2012.

Jasné se ukazala potfeba navrhnout a vybudovat ochrannd opatien{
proti budoucim zdplavam, jejichz vyskyt je redlny. Protipovodnové
zdbrany u automobilovych tuneli v New Yorku v souasnosti zcela
chybéji.

Také sedm tunelii podzemni dréhy bylo zaplaveno, coZ podle provo-
zovatele newyorského metra znamenalo nejvetsi katastrofu v jeho stoo-
smileté historii. Po od&erpéni vody z tuneli objevila posddka pruzkum-
ného vlaku pohdnéného naftovym motorem v jednom z tunel prekdzku
v podobé dvandct metru dlouhého ¢lunu!!!

Také metro ¢ekd na vybudovéni povodnovych zdbran.

ING. MILOSLAV NOVOTNY,
sekretdr CzTA ITA-AITES

maci, takze razba musela byt docasné pozastavena. Investor byl
timto nucen doplnit dokumentaci o dodate¢né zajisténi svaha a po
jeho realizaci byly v poloviné ¢ervna leto$niho roku prdce na razbé
pravého tunelu opétovné zahdjeny. V soucasné dobé (konec
06/2013) je vyraZeno v pravém tunelu 150 m kaloty a 90 m opéri.

ING. BORIS SEBESTA, sebesta@metrostav.cz,
METROSTAY a.s.,
ING. JAN VINTERA, jvintera@subterra.cz, SUBTERRA a.s.

Obr. 2 Pohled na budovdni a zajistovdni svahu hloubeného iiseku tunelu
Fig. 2 View of the cut-and-cover tunnel section construction and slope stabi-
lisation
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ZPRAVY Z TUNELARSKYCH KONFERENCI / NEWS FROM TUNNELLING CONFERENCES

PRAZSKE GEOTECHNICKE DNY 2013
PRAGUE GEOTECHNICAL DAYS 2013

The traditional geotechnical event, the Prague Geotechnical
Days (PGD), was held from Monday the 13th May to Tuesday the
14th May 2013. On Monday, the technical seminar on the topic
of “Problems of water in soils” was on program. With respect to
current problems water works have to face due to climatic chan-
ges accompanied by ever more frequent floods, the seminar was
focused first of all on these problems.

Presentations of four nominees for the Academician Quido
Zaruba Award followed in the afternoon. The winner of this
year’s competition was announced by the assessing committee
for the Academician Quido Zaruba awards immediately after the
seminar. The award went to Mgr. Vladislava Kostkanova, Ph.D.
The 215t Prague geotechnical lecture was the top of the first day
of the PGD. It was delivered by Prof. Gerd Gudehus from
Karlsruhe, the Institute of Technology in Germany, on the topic
of Stability Assessment and Seismo-Hydraulic Monitoring. On
the second day of the PGD, the entire morning was traditionally
dedicated to a workshop. Its theme, Hydrotechnical Structure -
Subsoil Interaction, was associated with the seminar topic. The
PGD ended by success. They confirmed the fact that during the
course of years the PGD have become a highly professional
event, relatively narrowly focused on topical themes, with top
domestic and foreign experts invited to it. In conclusion it is pos-
sible to inform sympathisers of the Geotechnical Days that the
PGD 2014 will be held from 12th to 13th May, again at the tradi-
tional venue — the Academy of the CR in Nérodn{ Trida street,
Prague.

Tradi¢ni geotechnicka akce Prazské geotechnické dny (dale
jen PGD) probéhla v pondé¢li a ttery 13. a 14. kvétna 2013.

V pondéli byl na programu odborny semindf s tematikou
Problematika vody v zemindch. Vzhledem k aktudlnim problé-
mum, kterym musi &elit vodni dila v dasledku klimatickych
zmén, kdy dochézi stdle Casteji k povodnim, byl semindf zame-
fen predev§im na tuto problematiku.

Vstupni pfedndsku proto prednesl vedouci katedry hydrotech-
niky na CVUT Praha doc. Ing. Ladislav Satrapa, CSc., a to na
téma Vliiv klimatickych zmén na vodni stavitelstvi. Nasledovala
informace Ing. Stanislava Zateckého z VD-TBD, a.s., s ndzvem
Poruchy malych vodnich dél.

Ddle v predndskdach pokracovali kolegové z Nizozemska
z univerzity v Delftu, prof. Klaas a prof. Bakker. Jejich vystou-
peni se zaméfilo na Levees and Dikes Constructed on Soft
Saturated Soil.

Na né navazal doc. RNDr. David Masin, Ph.D., PiF UK Praha
s uvodem do problematiky Nenasycené zeminy a efektivni nape-
ti — PGD 2014.

Poté méla slovo prof. Ing. Emilia Bedndrova, Ph.D., STU
Bratislava. Jeji prezentace méla ndzev Anomdlie alebo zdkoni-
tosti vyvoja podzemnych a priesakovych vod v podlozi priehrad.

Semindf svym vystoupenim ukon¢il prof. Bernd Schuppener
z BAW Karlsruhe, a to na téma Code of Practice — Stability of
Embankments at German Inland Waterways.

Odpoledne nésledovala vystoupeni &tyf nominantd na cenu
akademika Quido Zaruby.

Své prace prezentovali:

* Ing Olga Spackova, Ph.D.: Risk management of tunnel con-

struction projects.

e RNDr. Karel Sosna, Ph.D.: Hydraulické a mechanicko fyzi-

kdlni vlastnosti skalnich hornin.

R ARCADIS -,

Obr 1. Prof. Gudehus pri PraZské geotechnické predndsce
Fig 1. Prof. Gudehus delivering his Prague geotechnical lecture

e Mgr. Lenka Petryskovd, Ph.D.: Hodnotenie zosuvného haza-

rdu v modelovém tvizem.

e Mgr Vladislava Kostkanova, Ph.D.: Mechanical behaviour

of saturated clay fills.

Ihned po semindfi hodnotici komise pro ceny Akademika
Quido Zdruby stanovila vitéze leto$niho ro¢niku. Stala se ji
Mgr. Vladislava Kostkanova, Ph.D.

Vitézka si cenu i s diplomem a s pfislibem sponzorského
prispévku na mezinarodni konferenci ve vysi 25 000 K¢ pre-
vzala vzdpéti z rukou profesora Gudehuse a predsedy CAIGU
a CaSSMZGE.

Vrcholem prvniho dne PGD byla samoziejmé 21. Prazska geo-
technickd prednaska.

Prednesl ji Prof. Gerd Gudehus z Karlsruhe z Institutu of
Technology v Neémecku na téma: Stability Assessment and
Seismo-Hydraulic Monitoring.

Predndska méla vysokou odbornou udroven a vyvolala velmi
zajimavou a zZivou diskusi.

Celé dopoledne druhého dne PGD pak bylo tradi¢né vénovéano
workshopu. Jeho téma Hydrotechnical Structure — Subsoil Inte-
raction (Interakce hydrotechnickych staveb s podloZim) souvise-

lo s tematikou seminére.




Workshop byl cely veden v angli¢tiné a byl vytecné modero-
van prof. Gudehusem, prof. Klaasem a prof. Bakkerem.

Samotny workshop byl uveden sérii kratSich vstupu d¢astniku
panelové diskuse. Mezi nimi byli:

e Ing. Miroslav Broucek na téma Experimentdlni vySetrovdni
vlivu vzestupu hladiny podzemni vody na interakci vrchni
stavby s podloZim.

e Ing. Hoddk na téma Matematické modelovdni souvislosti
rychlych zmén polohy hladiny pri povodni a vyvoje prisa-
kovych krivek v zemnim télese hrdze.

e Ing. Marian Minarik, Ph.D. na téma RieSenie nestaciondr-
nych tiloh pridenia na vodnych stavbdch.

e Prof. Klaas, prof. Jan Bakker na téma Discussion of
Problems of Construction of Levees and Dikes on Soft
Saturated Soil.

e Prof. Bernd Schuppener na téma Some Ideas for a New
Procedure to Verify Hydraulic Heave.

PGD skoncily dspéchem. Potvrdily, Ze se behem let vyprofilo-
valy do vysoce odborné, relativné tematicky tzce na aktudln{
téma zamerené akce, na kterou jsou k predneseni prispévku
zvani peclivé vybirani $pi¢kovi tuzemst{ i zahrani¢ni odbornici.
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Piinosné byly pro tucastniky PGD i prezentace odbornych
praci finalisti soutéZe o cenu Quida Zaruby pro mladé inZenyr-
ské geology a geotechniky, které byly poprvé verejné. Kvalita
jejich prednasek nesporné prispéla k celkové odborné tdrovni
Prazskych geotechnickych dnu.

Téma PGD 2013 bylo moznd pro tuneldfe na prvni pohled
ponékud odtazité. (S vyjimkou prednasky ing. Spatkové na téma
Risk management of tunnel construction projects.) Ve skute¢nos-
ti tomu tak ale nebylo. Voda v tunelu je prvek vyrazné kompli-
kujici vystavbu i provoz. Mimoradné srdzky a povodné ohrozuji
stabilitu tunelovych portdlt, zvySuji nebezpei neprijatelnych
prusaku do tuneld, & dokonce jejich zaplaven.

Proto i tunelarskd obec, prestoZze nebyla bohuzel zastoupena
prili§ Cetnou tcasti, si na seminari nasla své pouceni.

Na zévér lze ptizniveam geotechnickych dnu sdélit, Ze jejich
pristi roénik 2014 se bude konat ve dnech 12. a 13. kvétna opét
na tradi¢nim misté v Akademii véd CR v Praze na Narodnf tfidé.

DOC. ING. ALEXANDR ROZSYPAL, CSc.

SVETOVY TUNELARSKY KONGRES WTC 2013 A 39. VALNE SHROMAZDENI ITA-AITES
WORLD TUNNEL CONGRESS WTC 2013 AND 39™ ITA-AITES GENERAL ASSEMBLY

The General Secretary of the ITA-AITES Czech Tunnelling
Association informs about the course of the WTC 2013, which
was held in Geneva, and about the 39th ITA-AITES General
Assembly.

Poradatelem leto$niho svétového tunelarského kongresu WTC
2013 byla Svycarskd tuneldiskd asociace ITA-AITES.
Predsedou pripravného vyboru byl pan Felix Amberg. Kongres
se konal v Zenevé od 3. do 6. Eervna 2013 v kongresovém cent-
ru, které bylo postaveno v roce 1973, ale dodnes plné vyhovuje
pro konani velkych akci (obr. 1).

Motto kongresu bylo: Podzemi — cesta do budoucnosti.

Poltem tcastniku pies 1800 bylo WTC 2013 ziejmé nejvétsim
tuneldrskym kongresem od zacétku jeho porddani. Vysokou dcast
ovlivnila i skutecnost, Ze v rdmci odborného programu se v ttery
4. 6. konalo Svycarské kolokvium a ve stfedu 5. 6. probéhla
Svycarska sekce. Tak v podstaté v rdmci WTC 2013 regulérné

probehl kazdoroéni Swiss Tunnel, ktery je ov§em poradan tradic-
né v Lucernu.

PRUBEH KONGRESU

Jednani kongresu bylo zahdjeno dopoledne v pondéli 3. 6.
2013 slavnostnimi projevy, v jejichz radmci vystoupila federdlni
§vycarskd ministryné Zivotniho prostredi, dopravy, energii a spo-
ju pani D. Leuthard.

Pak nasledovala vyzvana predndska, kterd se v poslednich
letech prezentuje na pamatku zakladatele ITA sira Muir Wooda.
Tento tkol letos pripadl opravdu vyznamné osobnosti z oblasti
tunelovacich stroju, kterou je pan R. J. Robbins (obr. 2).

Téma Muir Wood Lecture 2013 bylo: Tradice a inovace —
dalsi posun v mechanizovaném tunelovdani (A Tradition of
Innovation — The Next Push for Machine Tunnelling).

Dopoledni jedndni pak pokracovalo predndSkami:

e Dr. Rudolf Dieterle, feditel federdlnich silnic: Tunelové

vyzvy na Svycarskych silnicich v minulosti

Obr. 1 Pohled na kongresové centrum CICG v Zenevé
Fig. 1 View of the CICG congress centre in Geneva

i soucasnosti;
¢ C. K. Chua, reditel singapurské spole¢nosti
LTA: Wtvdreni a uZivani podzemnich prostor
v Singapuru — rozvoj a budouci moZnosti
(vyzvy);
e Prof. Dr. G. Anagnostou, univerzita Ziirich:
Podzemni stavitelstvi ve Svycarsku.

Poznamka k posledni predndsce: na cury$ské
univerzité pusobil a moZnd stile pasobi zarputily
odpurce Nové rakouské tunelovaci metody
prof. Kovari. Presto prekvapila vehemence, se
kterou prof. Anagnostou odmitl oprdavnénost
nazyvat tuto konvecni metodu ,novou rakous-
kou*. Navic prakticky obvinil rakouské tuneldre
z privlastnéni si principd metody, které byly pry
formulovany jinde nez v Rakousku (tj. zfejmé ve
Svycarsku). Je s podivem, Ze tak razantni odborny
ttok zaznél pfi zahdjeni vyznamné akce, kterou
WTC urcéité je.
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Dopoledni program byl prokldddn hudebnimi vlozkami, které
obstarali hrdc¢i na tradi¢ni Svycarské horské rohy a soucasti jejich
vystoupeni bylo i vyhazovéni Svycarské vlajky nad hlavy tcin-
kujicich (obr. 3).

Odpoledne zahdjily svad jedndni odborné sekce, kterych bylo
celkem 12. Jejich jednani pokracovala v ttery odpoledne a cely
den ve stredu.

Témata jednotlivych sekei:

Sekce 1 — PouZivani podzemniho prostoru, renovace tunelt

Sekce 2 — Rozvoj tunelovacich technologif (tunelovaci stroje)

Sekce 3 — Provozovani tunela

Sekce 4 — Rozvoj tunelovacich technologii (mechanizované

tunelovani a monitoring)

Sekce 5 — Tunelové projekty (podzemni stavby pro vodni

elektrarny a vodni privadéce)

Sekce 6 — Tunelové projekty (alpské tunely a tunely ve velmi

obtiznych geotechnickych podminkach)

Sekce 7 — Pldanovéni projektu a jejich provadéni

Sekce 8 — Navrhovéni tuneld, analytické metody a pfed-

poklady
Sekce 9 — Tunelové projekty I — v této sekci ve stredu dopo-
ledne zaznéla jedind prednaska z Ceské republiky:
Technické reSeni raZenych stanic na novém tseku
trasy A praZského metra od autoru Hasik, Kundk,
Ruzi¢ka (Metroprojekt Praha a.s.). Pfedndsku pred-
nesl uspesné Ing. Otakar Hasik (obr. 4).

Sekce 10 — Tunelové projekty II

Sekce 11 - Navrhovéni tunelu, analytické metody a predpok-
lady II

Sekce 12 — Vyvoj stavebnich technologif

Pozn.: v dtery odpoledne a ve stredu jesté probehly svycarské
kolokvium a §vycarskd sekce, jak bylo zminéno vyse.

Ve stfedu odpoledne také jednala sekce mladych Svycarskych
tuneldrskych odbornikii.

Soucdsti WTC byla hojné obesland technicka vystava
a posterova sekce. V rdmci technické vystavy se konalo poprvé
prezentacni férum, kde zdjemci mohli objednat promitdni své
prezentace max. délky 30 minut.

Pred kongresem v patek 31. 5. 2013 a v sobotu 1. 6. 2013
organizoval vybor ITACET workshop zaméfeny na injektdze,
zmrazovani a forepoling.

WTC Open Session

Tato sekce organizovana ITA-AITES se konala v tdtery dopo-
ledne a byla tfeti a zdvére¢nou ¢dsti vénovanou globalnim per-
spektivim. Zamérila se na vybér moznosti pri vytvdreni mést
vyhovujicich provozné i z hlediska Zivota obyvatel. Duraz byl

Obr. 3 Hudebni vystoupeni pri zahdjeni WTIC 2013
Fig. 3 Musical performance during the WI'C 2013 opening

Underground - the way to the future

Sir Alan Mulr Wood

Obr. 2 Muir Wood Lecture — predndsejici R. J. Robbins
Fig. 2 Muir Wood Lecture — delivered by R. J. Robbins

samozrejmé poloZen na prinosy, které rozvoji mést nabizi vyuzi-
ti podzemi.

Sekci moderovali Han Admiraal, predseda vyboru ITACUS,
a Antonio Cornaro, generdlni sekretar ITACUS.

Technické exkurze
Organizatori kongresu nabidli nékolik pokongresovych ex-
kurzi:
e dvoudenni exkurzi na alpské bazové tunely — sv. Gotthard
a Ceneri;
e jednodenni exkurze:
— na stavbu preferpavaci vodni elektrarny Nant de Drance;
— na tunel Sierre na trati Pariz, Zeneva, Milan;
— na tunel na délnici A16 v pohori Jura;
— na zahdjenou stavbu podzemni drahy v Zenevé.

Pfecerpaci vodni elektrarna Nant de Drance

Stavba nové precerpaci elektrarny (PVE) ma doplnit existujici
systém dvou prehradnich nddrzi a ddolni elektrarny, které byly
vybudovany v sedmdesatych letech minulého stoleti. Nazev
lokality stavby je Emosson pobliZ obce Finhaut u francouzsko-
Svycarskych hranic. Spodni nddrZ Emosson s maximadlni provoz-
ni hladinou 1930 m n. m. ma klenbovou betonovou hrdz vysky
180 m. Maximdlni provozni hladina horni nddrze Vieux
Emosson bude 2225 m n. m. Jeji gravita¢ni betonovad hrdz ma
vysku 45 m, v pribéhu stavby se viak zvysi o 20 m na novou
celkovou vysku 45 m.

F oy

Obr. 4 Ing. Otakar Hasik pri predndsce v sekci 9
Fig. 4 Ing. Otakar Hasik presenting his paper in Section 9
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poloviné délky kaverny byl jiZ vyruban druhy ver-
tikdln{ stupen (obr. 7).

Z kaverny byli ucastnici je§té odvezeni na
vypusténé dno spodni prehrady, kde se drtf a trid{
rubanina vhodn4 do betonu (obr. 8).

Z vykladu vyplynulo, Ze velmi obtiZné bylo
raZeni tunelu pod nddrzi Emosson. Projektanti se
sice snazili trasovat tunely tak, aby nddrz byla
podchiazena jen v minimdlni délce, ale zcela
vyloudit kiizeni neSlo. Prachod a zainjektovéani
poruchového pasma délky 300 m trvalo 9 mésicu.
V dseku bylo provedeno 23 pruzkumnych vrtu
délky az 200 m. V tfindcti injektdznich véjitich
bylo vyvrtédno celkem 10 800 m vrtu, neZ se poda-
filo stabilizovat hydrostaticky tlak.

Pozoruhodnymi objekty stavby jsou také dvé
svislé Sachty o pruméru 7,80 m hloubky 440 m.
Jsou provadény dovrchnim roz§ifovanim pilotniho
vrtu.

Obr. 5 Pohled na 180 m vysokou klenbovou hrdz nddrie Emosson
Fig. 5 View of the 180m high Emosson arch dam

Parametry stavby jsou tctyhodné:

instalovany VYKON .........ccccceiviiiiiiiiiiiiiiicces 900 MW
spad zpracovavany PVE.........cc.ccccoiiiiniiinnn. skoro 400 m
délka tuneld razenych TBM .......ccocovvevieieinieiiennnen. 5610 m
pricny profil tuneld TBM .........ccooveveiiieiiieeeeieeeae 70 m?
délka ostatnich tunelll ..........cccoceevveeieieenneennnnne. pribl. 10 km
pri¢ny profil ostatnich tunelti............ccocovveevennenns 42 a7 54 m?
rozméry kaverny strojovny (dXSXV)......c.ccce.e.. 193x32x52 m
ndklady na stavbu tunell.........cccecevevrvennennnen 223 mil. CHF
naklady na stavbu hlavni kaverny ................... 103 mil. CHF
zahdjeni/dokoncent Stavby .......cccccveereiieiniiieenns 2008/2019
uvedeni dO ProvOZU ........cccevveiieeiiiiiiiieeeeenine 2017 az 2019

Autobus s tulastniky exkurze sméfoval ze Zenevy do
Chamonix, coZ pri pékném pocasi umoznovalo sledovat grandi-
6zni svahy hor v¢etné masivu Mont Blanku. Z Chamonix auto-
bus pokracoval na Martigny, ale hned za francouzsko-Svycar-
skou hranici odbocil k mistu stavby. Nejprve vystoupal po tzké
komunikaci mnoha ostrymi zatd¢kami na platé nad spodni pre-
hradou Emosson do vysky pres 2000 m n. m. (obr. 5). Z horniho
staveni$té Vieux Emosson cca o 350 m vySe bylo mozno zahléd-
nout jen vézovy jetdb.

Pak autobus sjel dolu (nadjizdéni a couvdni v zatid¢kdch na
vozovce bez svodidel vyvolalo hrobové ticho) na zarizen{ stave-
nisté. Zde podal vyklad a promitl prezentaci o stavbé zdstupce
investora pan Gérard Seingre.

Nadsledné bylo tcastnikim exkurze sdéleno, Ze se nepodafrilo
dodrzet ¢asovy program a Ze si musi vybrat, zda se chtéji podi-
vat do podzemi nebo navstivit slavny hrad Chillon na bfehu
zenevského jezera, coz bylo planovano pfi zpétecni cesté. Ke cti
pritomnych je nutné fici, Ze zvitézil odborny zdjem, a proto cel-
kem jednomyslné oZeleli ndvstévu hradu.

Tremi automobily se jelo 6 km dlouhym pfistupovym tunelem
o spadu 12 % do kaverny hlavni strojovny. Cestou byla vidét
pasovd doprava rubaniny, bo¢ni kaverny pro jeji drceni, kaver-
na pro budouci betondrnu, vétraci lutny, rozvody energii a rizné
spojovaci a propojovaci tunely, které vyvoldvaly dojem pod-
zemniho labyrintu. Nicméné fidi¢i v ném nezabloudili
a bezpeéné dorazili do pristropi kaverny strojovny. Vyrub pris-
tropi kaverny $itky 32 m byl ¢lenén horizontdlné na stfedn{
a dva boc¢ni vyruby.

Definitivni osténi klenby kaverny bylo pravé dokonceno,
o ¢emz sveédCilo bednéni PERI stdle jesté zaparkované pod
poslednim vybetonovanym polem klenby (obr. 6). Zhruba na

Stavba PVE Nant de Drance je mimorddnym
dilem. Jejim posldnim je umoznit ,.skladovani*
energie ziskané mimo jiné také z nespolehlivych

zdroju (vitr, slune¢ni energie). Pohotovost elektrarny bude obdi-
vuhodnd — uvedeni do provozu bude trvat max. 3 minuty.

Exkurze na zeleznicni tunel Sierre

Stavba je realizovdna na mezinarodni Zelezniéni trati PafiZ —
Zeneva — Milan. V soucasnosti nelze mezi Lausanne a Vispem
provozovat dvoupatrové vlakové soupravy, a proto doslo
k rozhodnut{ pfizpusobit dvanact stdvajicich mosta a &tyfi tune-
ly novym poZadavkum. Investiéni ndklady a dobu vystavby shr-
nuje tab. 1.
Tab. 1 Pldnované stavebni objekty na trati Lausanne — Visp

Planované objekty Investiéni naklady Doba vystavby
(mil. CHF)

Mosty (12) 60 2018-2020

Tunnel de Sierre 59 2012-2015

Tunnel St-Maurice 46 2013-2015

Tunnel Burier 40 2017-2020

Tunnel de Raspille 10 2017-2020

Investor se musel rozhodnout mezi étyfmi variantami, které
jsou zahrnuté v tab. 2.

Obr. 6 Bednéni PERI pouZité pro betondz klenby kaverny
Fig. 6 PERI formwork used for the casting of the cavern vault
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Tab. 2 Varianty adaptace trati v misté stdvajiciho tunelu

Konstrukéni feSeni Naklady (mil. CHF) Mira rizika

Rozsifeni stavajiciho tunelu 40 vysoka
Vystavba nového dvojkolejného 59 velmi mala
tunelu

Vystavba nového jednokolejného 55 mala

a rekonstrukce stavajiciho tunelu

téZ jako jednokolejného

Minimalni rekonstrukce stavajiciho 25 stfedni

dvojkolejného tunelu (zivotnost tunelu
by se prodlouzila o 20 let, ale nebylo
by zde mozné provozovat dvoupatrové
vlakové soupravy)

Nakonec zvitézila varianta vystavby nového dvojkolejného
tunelu s tim, Ze stard tunelova trouba bude zasypdna nevyuZitym
vytéZenym materidlem.

Novy tunel bude délky 251 m a bude raZen na plny vylom od
vychodniho glareyského portdlu. Zabezpeceni razby je pomoci
stfikaného betonu v kombinaci s vyztuznymi Zebry a jehlovanim.
Toto opatfeni ma zabrdnit poruSeni stdvajiciho tunelu a omezit
nebezpeci sedani Goubinského vrchu, ve kterém se provadi razba
a na kterém se nachdzeji skalni stény s plochami nespojitosti.

39. valné shromazdéni ITA-AITES

Valné shromazdéni ITA-AITES jednalo, jak je obvyklé, dvakrt.
Poprvé v nedéli 2. ¢ervna 2013 dopoledne a podruhé ve stredu 5.
Zervna 2013 odpoledne (obr. 9). Jedndn{ se zicastnilo 58 delegata
narodnich asociaci, nepfijelo tedy 13 delegéta z celkového po&tu
71 nérodnich ¢lent ITA-AITES. Agenda byla velmi obsahld, takZe
zminime jen nejduleZit€jsi body:

— Bhutan, Bolivie a Kambodza byly prijaty jako novi ¢lenové
ITA-AITES.

— Bylo projednano a schvaleno hospodareni asociace v hos-
podarském roce 2012 az 2013; asociace hospodarila s pre-
bytkem 63 274 eur, i kdyz jeji finanéni stav vzhledem k na-
rustajicim vydajum je trvale napjaty.

— Obdobné byl projedndn a schvélen rozpocet na nasledujici
obdobf; asociace v ném pocitd s vydaji ve vysi 743 500 eur
pri ptijmech 754 000 eur — predpokldadany hospodarsky
vysledek je + 12 500 eur.

— Casové ndro¢ny byl bod, ve kterém o své &innosti referovaly
pracovni skupiny a vybory asociace; predev§im pocet
v poslednich letech ustavenych vybora ITA vyvoldvd otdzku,
zda jejich ¢innost a ndklady s nimi spojené jsou efektivni.
Pozn.: Pfiznivé lze prijmout skuteCnost, ze ITA vytiskla
posledni publikace pracovnich skupin i vybora a predala je
jednotlivym delegatim. Soucasné predala i vytisténé zprdvy
o &innosti ndrodnich ¢lent v roce 2012.

— Tyto dokumenty jsou uloZeny v knihovné CzTA. Vydané
publikace pracovnich skupin Ize stdhnout z webu svétové
ITA (www.ita-aites.org).

— ITA ma nyni 13 aktivnich pracovnich skupin (WGs)
a 4 vybory:

e ITACOSUV - vybor pro bezpecny provoz podzemnich
zarizeni,

e ITA-CET - vybor pro vzdélavani,

e ITACUS - vybor pro podzemni prostor,

e ITAtech — vybor pro technologie.

Obr. 7 Pohled na dokoncené definitivni osténi klenby kaverny a jeji pokracu-
Jici vyrub

Fig. 7 View of the completed final lining of the cavern vault and the conti-
nuing cavern excavation

— Ze zprav pracovnich skupin je vhodné zminit, Ze WG 3
Contractual Practises pldnuje zpracovani spolecného doku-
mentu s WG 19 Conventional Tunnelling.

— Ustaveni nové pracovni skupiny — WG 21 Life Cycle Asset
Management, kterd se bude vénovat Zivotnosti tunell v&etné
jejich vybaveni.

— Bedlive sledovanym bodem byla volba nového prezidenta
misto prof. In-Mo Lee z Korejské republiky, kterému skonci-
lo funkéni obdobi. Na tuto pozici byli dva kandidati. Prvnim
byl neprili§ vyrazny predseda Danské tunelarské asociace pan
Soren Degn Eskesen (nar. 1956). Druhy kandidét byl naopak
dynamicky a Ceské tuneldfské verfejnosti dobre znamy
prof. Markus Thewes z némecké Ruhr-University Bochum.
Novym prezidentem se stal Ing. Soren Degn Eskesen, pro
kterého se vyslovilo 40 delegata. Prof. Thewese volilo 16
delegata. Vysledek volby muiZe byt vnimam jako prekvapivy,
nicméné odpovida obvyklému rozpoloZeni narodnich ¢lent —
volby Casto vyhravd méné vyraznd osobnost.

— Byli zvoleni ¢tyfi novi vice-prezidenti. Volba byla jednodu-
chd, protoze byli jen Ctyfi kandidati. Také byli zvoleni novi
Clenové exekutivy ITA.

— SloZeni ITA exekutivy pro obdobi 2013 az 2016 je nésle-
dujici:

Obr. 8 Drti¢ka a tiidi¢ka rubaniny vhodné pro vyrobu betonit
Fig. 8 Crusher and screening machine for muck suitable for production of

concrete



Obr. 9 Pohled na predsednictvo pri jedndni valného shromdZdeni ITA-AITES
Fig. 9 View of the Board during the ITA-AITES General Assembly

Soren Degn Eskessen — Prezident (Dansko)
In-Mo Lee — Past-President (Korejska republika)
Rick Lovat — prvni vice-prezident (Kanada)
Amanda Elioff — vice-prezident (USA)

Tarcisio B. Celestino — vice-prezident (Brazilie)
Daniel Peila — vice-prezident (Italie)

Felix Amberg — pokladnik (Svycarsko)
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Alexandre Gomes (Chile)

Nikolaos Kazilis (Recko)

Eric Leca (Francie)

Jinxiu (Jenny) Yan (Cina)

Davorin Kolic (Chorvatsko — do WTC 2015)

— Volba mista kondni svétového tuneldrské-
ho kongresu WTC 2016. Kandidat byl jen
jeden — San Francisco (USA), kde se WTC
uskuteéni v terminu 12. azZ 15. Cervna
2016.

— Rekapitulace mist kondni pristich WTC:
WTC 2014 — Brazilie, Iguassu Falls, 9. az
15. kvétna 2014,

WTC 2015 — Chorvatsko, Dubrovnik, 22.
az 28. kvétna 2015.

— Svou kandidaturu na konani WTC 2017
ozndmily Francie (Pafiz) a Norsko
(Bergen).

— Zavérem je vhodné pripomenout, Ze svou
osmiletou uspé$nou Cinnost v exekutivé
ITA ukonéil v Zenevé predseda Ceské tune-
larské asociace Ing. Ivan Hrdina, ktery byl
posledni tfi roky vice-prezidentem ITA.

ING. MILOSLAV NOVOTNY,
novotny@ita-aites.cz,

sekretdr CzTA ITA-AITES,

ING. MARKETA PRUSKOVA, Ph.D.,
pruskova@ita-aites.cz (tunel Sierre)

AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTION

CESKA REPUBLIKA

SOUBOR STAVEB MO V USEKU MYSLBEKOVA
— PELC-TYROLKA (BLANKA)

Moy

Tézisté praci na tomto projektu se stdle s vetsi vahou presou-
vé od stavebnich ¢innosti smérem k doddavkam technologickych
celka, vozovek a §iroké paleté dokoncovacich praci.

Po naplnéni vSech stavebnich pripravenosti firmou Metrostav
plni svoji roli zejména dodavatel technologie firma CKD. Jednou

Vystavba podchodu na kiiZovatce Prasny most (foto Jakub Karlicek)
Construction of subways at the Prasny Most intersection (photo Jakub
Karlicek)

THE CZECH REPUBLIC

CONSTRUCTION LOTS WITHIN
MYSLBEKOVA - PELC-TYROLKA SECTION
OF THE CITY CIRCLE ROAD (BLANKA TUNNEL)

The centre of gravity of works on this project has shifted with
increasing weight from civil engineering activities toward the
installation of equipment complexes, roadways and the wide vari-
ety of finishing works.

After the completion of civils works required for the installati-
on of equipment by Metrostav a. s., the main role is now being
fulfilled by CKD, the contractor for equipment of the tunnels. One
of the current main tasks is performing correct and continual coor-
dination of activities, which will in their result lead to a high qua-
lity project, allowing the owner to operate it safely.

Eurovia will carry out the roadways. The tender procedures for
the contractor for the information system are just underway. The
works schedule is being adhered to. In addition, it satisfies the
needs and financial possibilities of the project owner.

METRO LINE A EXTENSION NO. 5 (METRO LINE V.A)

Full-face EPB shields, known to us as Tonda and Adéla, have
definitively abandoned the construction sites after the completion
of the running tunnel drives and the subsequent dismantling.

As a matter of fact, Metrostav a. s. completely finished tunnel-
ling operations on the 5th extension of metro line A on 24th June
2013 by finishing the excavation of the last ventilation cross pas-
sage between running tunnels in the Bofislavka — Dejvicka secti-
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z hlavnich dnesnich tloh je provadéni spravné a stdlé koordinace
¢innosti, kterd ve svém vysledku povede ke kvalitné provedené-
mu a budoucim uzivatelem bezpe¢né provozovanému dilu.

Dodavatelem vozovek bude firma Eurovia a na dodavatele
informa&niho systému pravé probihd vybérové fizeni. Casovy
plan vystavby je plnén a soucasné i sleduje potfeby a finanéni
moznosti investora.

PRODLOUZENI TRASY METRA V.A

Tonda a Adéla oba ndm zndmé jako plnoprofilové Stity TBM
s definitivni platnosti, tedy po ukondeni raZeb tratovych tunelu
a jejich ndsledné demontdZzi, opustily projekt.

Celkove ovsem dokoncil Metrostav a.s. veSkeré razi¢ské
prace na prodlouzZeni trasy prazského metra V.A az 24. 6. 2013,
a to dokoncenim razby posledni VZT propojky mezi tratovymi
tunely v dseku Bofislavka — Dejvickd. V soucasné dobé se rea-
lizuje jejich definitivni osténi. Na tratovém tseku Borislavka —
Dejvickd jsou z celkového pocétu sedmi propojek jiz ¢tyfi kom-
pletné dokonceny. Na ostatnich tfech propojkach budou potom
prace na definitivnim osténi dokon&eny do konce &ervence.

V tratovych tunelech probihaji prace na podkladnich betonech
a v poloviné ervence pak byly zahdjeny prace i na kolejovych
betonech. Ty jsou v soucasné dobé provadény v mezistani¢nich
usecich Petfiny — Veleslavin a Veleslavin — Borislavka. Betonaz
kolejovych betonu je provadéna v tésné spolupréci s geodety,
nebot’ u téchto konstrukci je, s ohledem na budouci umisténi
kolejnic v rdmci pevné jizdni drdhy, vyzadovadna velmi vysoka
presnost provadéni. Spolu s betondfskymi pracemi probihaji
i prace sanalni, které maji za cil zastavit veskeré prusaky vody
osténim do prostoru tunelové trouby. Injektuje se pomoci
cementu, polyuretanu a gell. Za stanici Petfiny jiZz rovnéZ zapo-
¢ala montdZ ocelovych konstrukci pro budouci kabelova vedeni
technologif nutnych pro provoz metra.

Z pohledu Zivota stanic je v dvodu potfebné zminit, Ze
ptivodni nizev stanice Cerveny vrch byl oficidlné zménén na
ndzev stanice Bofislavka (viz jiz vySe). Hloubend stanice
Motol se pomalu dostdvd s tvarem svych hrubych konstrukci do
definitivni podoby. Naposledy tomu vyznamné prispéla montdz
prefabrikovanych rdmu klenby, resp. stropu stanice.

V jednolodni razené stanici Petfiny byly dokonéeny defini-
tivni obezdivky a v soucasné dobé byly zahdjeny prace na
vnitinich konstrukcich ndstupist' a vybaveni stanice.

Ve stanici Veleslavin byla posledni klenba stfedniho stanic¢-
niho tunelu vybetonovdna 9. Cervna tohoto roku a ndsledné
25. Cervna byl potom uloZen i posledni kubik betonu, a to pri
dokonceni betondze klenby vstupni ¢dsti unikového objektu.
Nyni se na stavbé provadéji dokonfovaci prace, mezi které
patfi napriklad oSetfeni betonovych ploch, protipoZarni ochra-
na dilataénich spar a demobilizace zafizeni staveni$té. Firma
Subterra a.s. jiz v poloviné ¢ervna také zahdjila prace na vnitf-
nich nosnych konstrukcich stani¢ni ¢dsti a prubézné pokrauje
s provadénim vystavby definitivnich konstrukei vestibulu hlou-
beného objektu ve stavebni jamé. Pfi razb€ stanice bylo celkem
odtéZeno 21 500 m> rubaniny.

Ve stanici Borfislavka, kterd byla nejdéle z celé trasy omezo-
véana razbou S$tity TBM, se nyni v mohutném pracovnim prou-
du dokoncuje definitivni osténi stanice a navazujiciho eskala-
torového tunelu.

V kazdém pripadé jsou doposavad vSechny provadéné prace
celé trasy prodlouzeni trasy metra A v souladu s har-
monogramem stavby.

DALNICE D8 - 0805 — LOVOSICE — REHLOVICE

Vystavbu délnice D8 — 0805 Lovosice — Rehlovice postihla
dalSi rdna — tentokrat Zivelni katastrofa. Po enormnich destovych

on. At the moment, the final lining of the passages is being instal-
led. Four cross passages of the total number of seven in the
Borislavka — Dejvickd section have been completely finished. The
work on the final lining of the remaining three cross passages will
be completed by the end of July.

As far as running tunnels are concerned, the work on blinding
concrete layers is in progress and the casting of trackbed concre-
te commenced in the middle of July. Currently trackbed concrete
is being cast in the Petfiny — Veleslavin and Veleslavin —
Borislavka inter-station sections. The casting of trackbed concre-
te is performed in close collaboration with surveyors with respect
to the fact that these structures require very high work accuracy
taking into consideration the future placement of rails on the slab
track. Operations carried out with the aim of sealing all seepage
through the lining into the tunnel space are underway concurrent-
ly with the concrete casting operations. Cement, polyurethane and
gels are used for the repair grouting. In addition, the installation
of steel structures required for future cable lines needed for tech-
nologies necessary for the metro operation has started behind
Petfiny station.

From the stations life point of view, it is necessary to mention at
the beginning that the original Cerveny Vrch station name has been
officially changed to Borislavka station (see above). The Motol
cut-and-cover station slowly assumes its final shape through its
gross structures. The installation of pre-cast frames of the vault (or
the station roof) was the last significant contribution to it.

The final lining has been completed in the Petfiny single-vault
mined station and, at the moment, the work on internal structures
of platforms and station equipment is starting.

In Veleslavin station, the last vault of the central station tunnel
was cast on 9th July 2013; subsequently, the last cubic metre of
concrete was poured on 25th June when the vault of the entrance
part of the escape structure was being finished. Finishing work, e.g.
the treatment of concrete surfaces, fire protection of expansion
joints and the construction site demobilisation, is currently being
carried out. Subterra a. s. started the work on internal load-bearing
structures of the station part in the middle of June and continually
proceeds with the execution of final structures of the concourse of
the cut-and-cover structure in the construction pit. The total of
21,500m? of muck was excavated during the station mining work.

In Borislavka station, where the operations were restricted due
to the EPBS drives for the longest time on the whole metro route,
there is currently the final lining of the station and the connected
escalator tunnel being completed in a mighty working flow.

In any case, all operations on the entire route of the metro line
A extension are in accordance with the works schedule.

D8 MOTORWAY — CONSTRUCTION LOT 805:
LOVOSICE - REHLOVICE

The construction lot 0805 Lovosice — Rehlovice of the D8
motorway was affected by another blow. This time it was a natural
disaster. One of the largest landslides in the CR happened after
enormous rains in the morning on 7th June 2013, in the vicinity of
the village of Dobkovicky. The about 200m wide and about 500m
long current landslide pulled down part of the Dobkovic¢ky quar-
ry equipment, interrupted part of the Lovosice — Teplice rail track
(the trackwork was shifted about 20m) and filled the open cut for
the D 0805 motorway. Viewed in the direction of the future
motorway alignment, the landside is located nearly two kilomet-
res from the Prague portal of the Prackovice tunnel.

As of the day of the preparation of this information (the first
decade of July 2013) the landslide has been settled and geotech-
nical monitoring and stabilisation measures were carried out.

No construction work is currently being carried out in the
Prackovice tunnel (SO E 601) and the contractor is preparing the
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srazkdach doslo v rannich hodinach dne 7. ¢ervna 2013 v okoli technical solution to the securing and rehabilitation work on SO E
obce Dobkoviky k jednomu z nejrozsahlejsich sesuvi v CR. 601.18 — a revetment wall at the Prague portal, on the basis of
Proudovy sesuv o primérné $ifce cca 200 m a délce po svahu cca geotechnical monitoring measurements.
500 m strhl &4st zafizeni lomu Dobkovicky, prerusil ¢ast Zelez- The casting of blinding concrete layers, non-structural concrete
ni¢ni traté Lovosice — Teplice (kolejovy svrsek byl posunut o cca and blocks under kerbs has been completely finished in both tubes
20 m) a vyplnil zarez pro délnici D 0805. Ve sméru trasy budou- of the Radej¢in tunnel (SO F 602); The installation of cableways
ci délnice je sesuv vzdélen necelé dva kilometry od praZzského within construction object SO F 602.10 — Structures for Internal
portdlu tunelu Prackovice. Equipment, is underway. The backfilling of cut-and-cover struc-
V den tvorby této informace (prvni dekdda cervence 2013) je tures at both the Usti nad Labem and Prague portals (SO F
sesuv uklidnén, provadi se geotechnickd sledovédni a stabi- 602.11) runs concurrently, when climatic conditions are favourab-
liza&n{ opatient. le. The waterproofing and thermal insulation of a part of the civils
V tunelu Prackovice (SO E 601) momentdlné neprobihaji work on the services structure (SO F 602.05a) has also been finis-
zadné stavebni price a zhotovitel pripravuje technické reseni hed.

zabezpedovacich a sanaénich praci SO E 601.18 — zarubni zed
u prazského portdlu na zdkladé provddénych méfeni geotech- FLOOD PREVENTION MESURES FOR

nického monitoringu. JABLONEC NAD NISOU
V tunelu Radejéin (SO F 602) jsou kompletné dokonéeny After the completion of all underground excavation in March
podkladni a vyplnové betony v obou tunelovych rourach, pod- 2013, work continues first of all on final linings of the working.

kladni bloky pod obrubniky a probihd realizace kabelovoda On construction object SO 02 — Intake Gallery, 198m of the total
v rdmci objektu SO F 602.10 — konstrukce vnitiniho vybaveni. of 632m remain to be lined, whilst 672m of the total of 1297m

Soucasné probihd, pri priznivych klimatickych podminkéch, remain to be lined on SO 05 — New Outlet Tunnel. Distribution
z4syp hloubenych konstrukci na tsteckém i prazském portdlu structures on both Nisa Rivers and the Intake Structure have been
tunelu (SO F 602.11). V rdmci vystavby stavebni Cdsti provoz- fully completed and have been handed over to the project owner.
né-technického objektu (SO F 602.05a) je dokonCena hydroi- Construction object SO 06 — Exit Track is in the regime of
zolace a tepelnd izolace objektu. negotiating a change of the structure before the completion. This
was the reason why the new deadline for the construction com-
PPO (PROTIPOVODNOVA OPATRENI) pletion was set on 15th November 2013.
JABLONEC NAD NISOU Floods, which took place everywhere in the Czech Republic,

manifested themselves on both Nisa Rivers only by the rising of
their levels to the 2nd degree of the flood control activities,
therefore they caused any serious damage neither to the construc-
tion sites nor to the town of Jablonec nad Nisou.

Po dokonceni vSech razeb v breznu 2013 déle pokracuji prace
zejména na definitivnich obezdivkach dila. Na SO 02 -
Piivodni $tola zbyvéd vybetonovat 198 m z celkovych 632 m
a na SO 05 — Nové odpadni Stola potom 672 m z celkovych
1297 m. Rozdelovaci objekty na obou Nisdch stejnc jako vio- | by ypy _ gg AVA RIVER INTERCEPTOR SEWER
kovy objekt jsou dokoncené plné a byly predané investorovi.

Objekt SO 06 — Vyustnf trat je v reZimu projednéni zmény This project was also negatively affected by this year’s floods.
For these reasons the work progress had to be temporarily sus-

pended and, at the same time, it was necessary to carry out neces-
sary repairs, first of all of mechanical equipment.

The microtunnelling activities were subsequently re-started on
the 191m long Uslava interceptor sewer section between shafts
S44 and $41. Damaged parts of the tunnelling machine were repa-
ired inside the DN 1000 sewerage pipeline. Extraordinary measu-
PLZEN — USLAVSKY KANALIZACNI SBERAC res were implemented during this replacement, with the Fire
Rescue Service present, with respect to the distance between the
launching shaft and the excavation face of 40m. New spare parts
were subsequently installed and, after function tests of the TCC
1295 machine, microtunnelling operations were resumed. This

stavby pred dokonéenim a z t€chto duvodu byl i stanoven novy
termin pro dokonceni stavby na 15. 11.2013.

Viudypiitomné povodné v Ceské republice se na obou Ni-
sdch projevily pouze zvySenim jejich hladin na 2. stupen proti-
povodiiové aktivity, a tak nezpusobily stavbé a ani méstu
Jablonec nad Nisou zadné velké Skody.

I tento projekt byl negativné ovlivnén leto§nimi povodnémi.
Z téchto duvoda musel byt postup praci na Cas pozastaven
a soucasné bylo zapotiebi provést nutné opravy zejména stroj-

niho foﬁzeni~ means that the last 150m long part of this section of the pipe jack,
Na Uslavském kanalizacnim sbeérali byla potom obnovena thus also the entire mined part of the Uslava River interceptor
mikrotuneldZz na udseku S44 — S41, ktery ma délku 191 m. sewer, remains to be finished.

Oprava byla provedena demontdZi poSkozenych cdsti stroje

uvnitf kanalizaéniho potrubi DN 1000. Z divodu vzdélenosti MODERNISATION OF RAILWAY CORRIDOR IV
startovaci Sachty a Celby razby v délce 40 metra byla pfi této IN TABOR — SUDOMERICE U TABORA SECTION
vymeéné prijata mimorddnd bezpelnosti opatfeni za ucasti
HBZS. Ndsledné probéhla montdZ novych nahradnich dila a po
funkénich zkouSkdch stroje TCC 1295 byla zahdjena mikrotu-
neldz. Do konce tohoto tseku, a tim i celé raZené &dsti Uslav-
ského sbérace zbyva tak protladit poslednich 150 m.

The modernisation of the 4th Railway Corridor in the section
between the towns of Tdbor and Sudoméfice u Tdbora officially
commenced in March 2013. It will contain the new Sudomérice
double-track railway tunnel, which is required for the straighte-
ning of the rail line alignment. The construction work will start in
August 2013 by the excavation for both portals. The contractor for
civils works is OHL ZS, a. s., contractor for geomonitoring is
ARCADIS CZ, technical supervision is carried out by the invest-

MODERNIZACE IV. ZELEZNINIHO KORIDORU V USEKU
TABOR - SUDOMERICE U TABORA

V mésici breznu leto$niho roku byla oficidlné zahdjena ment company, the Railway Infrastructure Administration itself.
modernizace IV. Zelezni¢niho koridoru v useku Tdbor — The tunnel structure consists of two cut-and-cover sections
Sudomérice u Tdbora. Jeji soudsti bude i novy dvoukolejny built in an open trench and a section driven using the NATM. The
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Sudoméricky tunel, jehoZ vystavbou dojde k napfimeni stavaji-
ci Zeleznice. Stavebni prdce za¢nou hloubenim obou portalu
v mésici srpnu leto$niho roku. Zhotovitelem stavebnich praci je
spole¢nost OHL ZS, a.s., zhotovitelem geomonitoringu je spo-
lecnost ARCADIS CZ, as., technicky dozor provadi vlastnimi
silami investorskd spole¢nost SZDC, s.o.

Konstrukce tunelu je tvorena dvéma hloubenymi useky
budovanymi v oteviené stavebni jame€ a udsekem raZzenym
NRTM. Délka konstrukce hloubenych ¢asti je 17 m na vjezdo-
vém (jiznim) portdle a 20 m na vyjezdovém (severnim) porta-
le. RaZend ¢ast je navrZena v délce 393 m. Celkova délka v ose
tunelu je tedy 430 m. NadloZ{ tunelu md mocnost cca od 3 m
(razeny jizni portdl) do cca 18 m (cca uprostied tunelu). Tunel
svym jiznim portdlem podchdzi pod stavajici silnici ¢. 603
s vySkou nadloZi pouhych 3,5 m. Po dobu vystavby bude na
této komunikaci sniZzena rychlost provozu. Osténi tunelu bude
dvoupldstové (primdrni osténi ze stfikaného betonu vyztuzZené-
ho siti, sekunddrni osténi z vyztuZeného monolitického betonu
litého do pojizdné formy) s mezilehlou féliovou izolaci. Razby
jsou pldnovdny dovrchné smérem od vjezdového k vyjez-
dovému portdlu.

Pod kvartérnimi prevdzné deluvidlnimi sedimenty mocnosti
cca 1 m se olekdva zastiZzeni hornin moldanubika. Predev§im
budou zastiZeny pararuly, u kterych se predpokladd, Zze budou
navétralé a rozpukané. Z vysledka pruzkumu vyplyvd, Ze bude
také zastizeno nékolik tektonickych linii. Pfitoky podzemni
vody jsou olekdvdny v podobé dkapu, fddové max. v de-
setindch 1/s, pujde spise o puklinovou propustnost.

DOKONCENI MODERNIZACE TRATI
VOTICE — BENESOV U PRAHY

Dne 13. ¢ervna 2013 byla slavnostné dokoncena moderniza-
ce nové dvoukolejné trati mezi Voticemi a BeneSovem u Prahy,
kterd je soucdsti transevropské Zelezni¢ni sité a ITV. narodniho
Zelezni¢niho koridoru. Zhotovitelem stavby bylo Sdruzeni Vo-
Ben zastoupené spolec¢nostmi EUROVIA CS, a.s., Subterra
a.s. a Viamont DSP a.s.

Celkem ma zrekonstruovany dsek délku 18 km. Maximdlni
rychlost na této trati je nové zvySena na 160 km/h pro vozidla
s nakldpéci technikou i pro klasické soupravy. Kazdy tratovy
usek splnuje vSechny technické parametry infrastruktury trans-
formované do zdsad modernizace Zelezni¢ni sité CR.

V tomto dseku se nachdzi pét Zelezni¢nich tunelu, z toho jsou
Ctyfi razené a jeden hloubeny. V tunelech pojedou vlaky témer
3 km. Za stanici Votice je vyhlouben prvni tunel — Voticky,
s délkou 590 m. Na néj navazuje Olbramovicky tunel s délkou
480 m. Dal$im a nejdelS$im tunelem, ktery se nachdz{ za stanici
Olbramovice, je tunel Zahradnicky o délce 1044 m. Za stanici
Tomice pokracuje trasa tunelem Tomicky I s délkou 324 m
a poslednim tunelem je Tomicky II, ktery je ze vSech nejkratsi,
meéfi 252 m. Préce trvaly od srpna 2009.

ING. BORIS SEBESTA, sebesta@metrostav.cz,
METROSTAYV a.s.,

ING. JAN VINTERA, jvintera@subterra.cz,
SUBTERRA a.s.

SLOVENSKA REPUBLIKA
TUNEL SIBENIK

Vystavba dialni¢ného tunela Sibenik na dseku dialnice D1
Janovce — Jablonov pokracovala pracami na vykopoch a zaisten{
zdpadného portdlu. V jili 2013 sa zacinaju prdce na razeni tune-
lovych riir zo zédpadného portalu. Tunel Sibenik je v sicasnosti

Tuel

cut-and-cover structures at the entrance (southern) and exit (nort-
hern) portals are 17m and 20m long, respectively. The mined sec-
tion is designed to be 393m long. The total tunnel length on its
centre line is therefore 430m. The tunnel overburden height ran-
ges from 3m (the mined southern portal) to about 18m (approxi-
mately in the middle of the tunnel). At the southern portal the tun-
nel passes under the existing road No. 603, with the overburden
only 3.5m high. During the course of the construction operations
the speed of traffic on this road will be reduced. The tunnel lining
will consist of two shells (a primary shotcrete lining reinforced
with welded mesh, a reinforced concrete secondary lining cast
behind travelling formwork) with a plastic waterproofing mem-
brane between them. The tunnel will be driven uphill from the
entrance portal toward the exit portal.

The Moldanubic Formation rocks are expected under an about
Im thick layer of mostly deluvial Quaternary sediments.
Paragneiss will be encountered first of all. It is assumed to be
slightly weathered and fractured. It follows from the survey
results that several tectonic lines will also be encountered.
Groundwater inflows are expected to have the form of dripping,
in the maximum order of tenths of litres per second; it will rather
be the case of fissure permeability.

COMPLETION OF MODERNISATION
OF VOTICE - BENESOV U PRAHY RAILWAY TRACK

13th June 2013 saw the ceremonial completion of the new doub-
le-track railway section between the towns of Votice and BeneSov
u Prahy, which is part of the trans-European network and of the
national railway corridor No. 4. The construction contractor is
Sdruzeni Vo-Ben consortium consisting of EUROVIA CS, a. s.,
Subterra a. s. and Viamont DSP a. s.

The total length of the reconstructed section amounts to 18km.
The maximum speed along this track is newly increased to
160km/h for trains with tilting bodies as well as classical trains.
Each track section meets all technical parameters of infrastructu-
re transformed according to principles of the modernisation of the
railway network in the CR.

There are five railway tunnels in this section, four of them
mined and one cut-and-cover. Trains will ride nearly 3 kilometres
through the tunnels. The first one, the 590m long Votice cut-and-
cover tunnel, is located behind Votice station. The 480m long
Olbramovice tunnel follows. The next tunnel, the longest one, is
the 1044m long Zahradnice tunnel behind Olbramovice station.
Behind Tomice station the route continues by the 324m long
Tomice No.l tunnel. The last one is the Tomice No. 2 tunnel,
which is the shortest of all the tunnels with its length of 252m.
The works commenced in August 2009.

ING. BORIS §EBESTA, sebesta@metrostav.cz,
METROSTAYV a.s.,
ING. JAN VINTERA, jvintera@subterra.cz, SUBTERRA a.s.

THE SLOVAK REPUBLIC
SIBENIK TUNNEL

The construction of the Sibenik motorway tunnel commenced
by the excavation of the trench in front of the western portal in
April 2013. The commencement of tunnelling operations can be
expected in summer months, after the completion of the pre-por-
tal open cut. The Sibenik tunnel, which is currently the only tun-
nel under construction in Slovakia, will have two unidirectional
tubes about 0.6km long each. The tunnel is part of the Jdnovce —
Jablonov section of the D1 motorway (section II) with the total




jedinym tunelom vo vystavbe na Slovensku s dvomi rdrami
diiky cca 0,6 km. Tunel je sdcastou dialnicného useku
s celkovou dizkou 9,5 km, situovaného v blizkosti mesta Levoca.
Investorom stavby je Ndrodnd dialni¢na spolo¢nost a.s., zhotovi-
telom je zdruzenie EUROVIA SK, a.s., EUROVIA CS, a.s., STAV-
BY MOSTOV SLOVAKIA, a.s. Ukoncenie stavby a uvedenie
dialni¢ného tseku do prevadzky je planované na rok 2015.

ING. MILOSLAV FRANKOVSKY,
frankovsky@terraprojekt.sk,
TERRAPROJEKT, a. s., Bratislava
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length of 9.5km, which is located in the east of Slovakia near the
town of Levoca, the regional centre. The project owner is
Narodna Dialni¢na Spolo¢nost’a. s., the contractor is a consortium
consisting of EUROVIA SK, a. s., EUROVIA CS, a. s., STAVBY
MOSTOV SLOVAKIA, a. s. The construction completion and
opening to traffic is planned for 2015.

ING. MILOSLAV FRANKOVSKY,
frankovsky@terraprojekt.sk,
TERRAPROJEKT, a. s., Bratislava

VYROCI / ANNIVERSARIES

ZIVOTNI JUBILEUM PROF. ING. JOSEFA ALDORFA, DrSc.

PROF. ING. JOSEF ALDORF, DrSc. ANNIVERSARY

V fijnu 2013 oslavi své 75. naro-
zeniny vyznamny odbornik v obla-
sti podzemniho stavitelstvi, prof.
Ing. Josef Aldorf, DrSc. Cesta
prof. Aldorfa ke geotechnice zacala
v roce 1953, kdy tehdejsi politicky
rezim neumoZnil synovi sedldku
z Pelhfimovska studium na gymna-
ziu, a tim moznd predurcil profesni
zamereni budouciho profesora do
oblasti hornictvi a podzemniho sta-
vitelstvi. Josef Aldorf se tedy nejpr-
ve vyucil, ndsledné vystudoval hor-
nickou prumyslovku a po jejim dspé§ném absolvovani pak pokra-
Coval ve studiu zaméfeném na vystavbu dola i na Hornicko-geo-
logické fakulté VSB v Ostravé. Tato odborn4 specializace se pak
stala zdkladem jeho velmi dspe$né védecko-vyzkumné i peda-
gogické Cinnosti na této vysoké Skole, na které pusobi od roku
1962. Postupné v letech 1977-1987 zde ziskal titul docenta, dok-
tora véd a profesora. AZ do druhé poloviny 80. let se prof. Aldorf
zabyval predev§im geotechnikou v oblasti dulni vystavby, pro-
blematikou velkych hloubek v hornictvi, hloubenim jam
a raZenim dalnich dél. V tomto obdobi se podilel na feSeni fady
komplikovanych problému jak v ostravsko-karvinském reviru,
tak i v oblasti povrchovych hnédouhelnych doli v severoza-
padnich Cechach. Jako uzndvany expert se tehdy rovnéZ vénoval
feSeni problému spojenych s projektovdnim a vystavbou dolu
FrenStat. V souvislosti s dtlumem hornictvi se od roku 1985 stéle
vice orientoval na problematiku tunell a vyznamné se podilel na
projektovani i procesu realizace fady tunelovych staveb v CR.
Mezi nejvyznamnéj$i z nich patfi tunel Valik, Klimkovice,
Dobrovského tunely v Brné a tunel Jablunkov. Prof. Aldorf je
mimo jiné autorem mnoha odbornych posudku a expertiz
a podilel se téZ na feseni fady vyzkumnych projekta, véetné mezi-
nérodnich, z nichZ mnoho vedl jako odpovédny fesitel. Védecko-
vyzkumné zaméreni prof. Aldorfa je §iroké. Znacnd &ést je smé-
rovdana do oblasti novych technologii, materidli, ndvrhu
a posuzovani konstrukei s vyuZzitim metod matematického mode-
lovani, geotechnického monitoringu a inverzni analyzy.
V soucasné dobe je garantem dvou pravidelné poradanych odbor-
nych akci — semindfe Zpeviiovdni, tésneni a kotveni horninového
masivu a stavebnich konstrukci, organizovaného spolecné
s firmou Minova Bohemia s.r.o., a konference Geotechnika.

Kromé védecko-vyzkumné a expertni ¢innosti pro geotech-
nickou praxi se prof. Aldorf vénuje rovnéZ pedagogické

In October 2013, Prof. Ing. Josef Aldorf DrSc., an outstanding
expert in the field of underground construction, will celebrate the
75t birthday anniversary. Prof. Aldorf’s path toward geotechnics
started in 1953, when the political regime of that time did not allow
the son of farmers from the Pelhfimov region to study at a secondary
grammar school. By doing so, it probably predestined the professi-
onal focus of the future professor in the field of coal mining and
underground construction. Josef Aldorf first passed apprenticeship,
subsequently he studied at a secondary vocational school in coal
mining and, after successfully passing it, he continued to study with
the focus on the development of mines and also at the Faculty of
Mining and Geology of the VSB University in Ostrava. This techni-
cal specialisation subsequently became the basis of his very success-
ful scientific research and teaching activities at that university,
where he has worked since 1962. Step by step during the period of
1977-1987, he obtained the title of Lecturer, Doctor of Sciences and
Profesasor at this university. Until the second half of the 1980s,
Prof. Aldorf engaged first of all in geotechnics in the field of deve-
lopment of mines, problems of great depths in coal mining, excava-
tion of pits and driving coal-mining workings. In this period he par-
ticipated in solutions to numerous complicated problems both in the
Ostrava-Karvind coal district and in the open-cast brown coal mines
in North-Western Bohemia. As a renowned expert, he at that time
also devoted himself to problems associated with the design and
development of the Frenstat Mine. In the context of the check put on
coal mining, he oriented himself more and more toward tunnel con-
struction problems and significantly participated in the designing
and the process of the implementation of many tunnelling projects
in the Czech Republic. Among the most important there are the
Valik, Klimkovice, Dobrovského tunnels in Brno and Jablunkov
tunnels. Prof. Aldorf is, apart from other works, the author of many
technical assessments and expert opinions and he also participated
in solutions to a number of research projects, inclusive of internati-
onal ones, many of which he headed as a responsible solver. The sci-
entific-research focus of Prof. Aldorf is very wide. Significant part
of it is directed to areas of new technologies, materials, designs and
assessments for structures, using mathematical modelling, geotech-
nical monitoring and inverse analysis methods. At the moment he
is the guarantor of two regularly held technical events — the seminar
on Consolidation sealing and anchoring of ground mass and civil
engineering structures, which is organised jointly with Minova
Bohemia s. 1. 0., and the Geotechnics conference.

In addition to his scientific-research and technical activities for geo-
technical practice, Prof. Alforf devotes himself to teaching activities,
holding the position of the head of the Department of Geotechnics and
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¢innosti, dlouhou dobu zastdval funkci vedouctho katedry
a garanta studijniho oboru geotechnika. Pfedevs§im jeho zéslu-
hou je VSB-TU Ostrava jedinou vysokou $kolou v ramci
Ceské i Slovenské republiky, kde Ize studovat samostatny obor
geotechnika ve vSech stupnich vysokoskolského studia. Za
dobu svého pusobeni na Hornicko-geologické fakulté
a posléze Fakulté stavebni, na jejimz zaloZeni se v roce 1997
vyznamné podilel, vychoval fadu dspéSnych absolventu,
z nichz mnozi pusobi na vyznamnych pozicich ve firmdch
s geotechnickym i §ir§im stavebnim zamérenim. Prof. Aldorf
je autorem nékolika vysokoSkolskych skript a spole¢né
s kolegy vydal rovnéz publikaci Stabilita a vyztuZovdni dul-
nich del, ktera byla také vyddna v angli¢tiné v nakladatelstvi
Elsevier. V dobé svého puasobeni na VSB zastdval rovnéz
vyznamné funkce v fidicich orgdnech $koly, vice nez 20 let
vykondval funkci prorektora, resp. prodékana pro studium na
Hornicko-geologické fakulté a funkci prodékana pro védecko-
vyzkumnou d&innost na nové vzniklé Fakulté stavebni.
I v soucasné dob€ pusobi jako profesor na katedre geotechni-
ky a podzemniho stavitelstvi Fakulty stavebni VSB-TU
Ostrava, je vedoucim diplomovych a bakalarskych praci, $ko-
litelem doktorandu a ¢lenem stdtnicovych komisi a komisi pro
obhajoby disertacnich praci. I dnes velmi aktivné spolupracu-
je s odbornymi firmami a institucemi. V jeho osob¢ se spojuji
Siroké a komplexni odborné praktické i teoretické znalosti
a zkuSenosti s inZenyrskym nadhledem a intuici a durazem na
logické a kreativni mySleni. Tyto své odborné kvality
prof. Aldorf uplatioval a uplatiuje, mimo jiné, i pfi praci ve
védeckych a odbornych raddch, v publikacich fady prispévku
na konferencich i v odbornych &asopisech, v predchozi dlou-
holeté aktivni ¢innosti v predsednictvu Ceské tunelafské aso-
ciace i redakeni radé Casopisu Tunel.

S panem profesorem mdm tu vzdcnou moznost pracovat na
katedfe jiz 28 let a velmi si jej vazim nejen jako odbornika, ale
i jako &lovéka. Clovéka, ktery md 3iroky rozhled v riznych
oborech lidské ¢innosti, je uzndvanym a vazenym odbornikem,
ale soucasné i ¢lovékem s otevienym srdcem, ktery si stdle
zachovava svou lidskost a vstficnost.

Pane profesore, za celou redakeni radu preji do dalSich let
predev§im hodné zdravi, sily a eldnu jak v osobnim, tak
i profesnim Zivote.

DOC. RNDR. EVA HRUBESOVA, Ph.D.,
Fakulta stavebni, VSB-TU Ostrava

guarantor of the Geotechnics branch of study. It is first of all his merit
that the VSB-Technical University of Ostrava is the only university
within the framework of the Czech and Slovak Republics where it is
possible to study the independent branch of study of Geotechnics at all
grades of the university teaching. During the course of his work at the
Faculty of Mining and Geology and subsequently at the Faculty of
Civil Engineering, in the foundation of which in 1997 he significant-
ly participated, he educated numerous successful graduates, many of
which are holding important positions in companies with geotechnical
and wider civil engineering focuses. Prof. Aldorf is the author of seve-
ral university standard texts and he, jointly with his colleagues, pub-
lished a book titled Mine openings: Stability and Support, which was
also published in English by Elsevier publishing house. During his
work at the VSB university, he in addition held important positions in
the university management bodies; he was in the position of the vice-
chancellor or subdean for studies at the Faculty of Mining and
Geology and the subdean for the scientific and research activity at the
newly originated Faculty of Civil Engineering. Even currently he
works as a professor at the Department of Geotechnics and
Underground Construction Engineering of the Faculty of Civil
Engineering of the VSB-TU Ostrava, a supervisor of masters’ and
bachelors’ theses, a supervisor of doctoral students and a member of
committees for state examinations and committees for defence of doc-
toral theses. Even now he very actively collaborates with professional
firms and institutions. His person joins wide and comprehensive prac-
tical technical and theoretical knowledge and experience with engine-
ering perspective and intuition and stress placed on logical and creati-
ve thinking. He applied and applies these professional qualities of his,
among others at his work in scientific and technical boards, in the pub-
lication of a range of papers at conferences and in technical journals,
and during the previous long-standing active work in the management
board of the Czech Tunnelling Association and in the editorial board
of TUNEL journal.

I have had got the precious opportunity to work with Professor
Aldorf at the university department already for 28 years and I greatly
revere him not only as a professional but also as a human. A human
with a wide view in various fields of human activities, who is
a recognised and respected professional, but at the same time a man
with an open heart, who always keeps his humanity and helpfulness.

Dear professor, I wish you on behalf of the whole editorial board
for the coming years first of all great health, strength and vigour in
both the private and professional life.

DOC. RNDR. EVA HRUBESOVA, Ph.D.,
Faculty of Civil Engineering of VSB-TU Ostrava

ZPRAVODAJSTVI CESKE TUNELARSKE ASOCIACE ITA-AITES
CZECH TUNNELLING ASSOCIATION ITA-AITES REPORTS

www.ita-aites.cz

VALNE SHROMAZDENI CzTA ITA-AITES
GENERAL ASSEMBLY OF THE CzTA ITA-AITES

The General Assembly of the ITA-AITES Czech Tunnelling
Association took place in Prague on Wednesday the 29th May
2013. CzTA commemorative medals were awarded within the
framework of the meeting to Ing. Jifi Smolik and doc.
Ing. Alexandr Rozsypal, CSc. The General Assembly evaluated
the recently finished conference Underground Construction
Prague 2013 as very successful even owing to foreign lectures
delivered by foreign experts, e.g. Prof. Schubert and Ing. Ehrbar.

Valné shromazdéni Ceské tuneldiské asociace ITA-AITES se
konalo ve stredu 29. kvétna 2013 v hotelu Duo, Teplickd 492,
Praha 9-Prosek. Jedndni zah4jil a fidil mistopredseda CzTA ITA-
AITES prof. Jifi Bartdk, DrSc., ktery také omluvil nedcast pred-
sedy asociace Ing. Ivana Hrdiny. Pracovni zaneprdzdnéni mu
znemoznilo se valného shromdzdéni{ zdcastnit.

Jednim z prvnich bodui bylo pfeddni pamétnich medaili
zaslouZilym &lentim asociace. Predsednictvo asociace rozhodlo



Obr. 1 Prof. Bartdk preddvd pamétni medaili
CzTA Ing. Jirimu Smolikovi

Fig. 1 Prof. Bartdik handing the CzTA commemo-
rative medal over to Ing. Jiri Smolik

Obr. 2 Mistopredseda CZTA prof. Bartik preddvd
odménu vitézi studentské soutée Ing. Zderku Zitkovi
Fig. 2 Prof. Bartdk, the vice-chairman of the
CzTA, handing the award over to Ing. Zden¢k

22. rocnik - €. 3/

Obr. 3 Na druhém misté se ve studentské soutézi
umistil Ing. Jakub Hajn

Fig.3 The second place in the student competition
was gained by Ing. Jakub Hajn

Zizka, the winner of the student competition

o udéleni pamétni medaile Ing. Jifimu Smolikovi a doc.
Ing. Alexandru Rozsypalovi, CSc. Protoze doc. Rozsypal byl
v dobé konani valného shromdzdéni v =zahrani¢i, mohl
prof. Bartdk medaili predat a poblahoprat pouze Ing. Jifimu
Smolikovi (obr. 1).

Ve zprdvé o ¢innosti asociace od posledniho valného shromaz-
déni, které se konalo 1. 6. 2012, prof. Bartdk zminil ndsledujici:

e Casopis Tunel si udrzuje vysoky standard a ziskal respekt

i v zahraniCi;

e poradani tunelarskych odpoledni, odbornych exkurzi, semi-

néart a odborného zdjezdu,

e praci pracovnich skupin;

 vyuzivdni webovych stranek asociace k prezentaci ¢eského

podzemniho stavitelstvi i jako prostfedku zajistujiciho tok
informaci;

e pfipravu a prubéh 12. mezindrodni konference Podzemni

stavby Praha 2013, kterd byla po vSech strankdch dspésna.

Podekoval pripravnému vyboru, védecké radé, které praco-
valy pod vedenim Ing. Alexandra Butovice a doc. Ing. Ma-
touse Hilara, a partnerim konference (prekvapilo, kolik ¢len-
skych organizaci asociace timto zpusobem konferenci podpo-
filo). Bez jejich prinosu by konference méla ekonomické
problémy a nemohla by byt pordddna i na dobré spole¢enské
drovni. Ddle podékoval vystavovatelim a vSem Gcastnikiim.
Vsem, ktefi poslali pfispévek, a v§em predndSejicim. Ocenil,
Ze roste mezindrodni charakter konference diky zajisténi vyni-
kajicich zahrani¢nich odborniki pro tdvodni predndSky i pro
vyzvané predndsky v sekcich. Zvysil se také pocet ucastniku
ze zahranici.

V zavéru své zpravy vyslovil presvéd&eni, ze Cesk4 tunelarska
asociace je v dobré kondici. Je to zasluha ¢lenu asociace, prede-
v§im téch aktivnich. Prestiz Ceské asociace mezi Cleny svetové
ITA je velmi dobra, coz také potvrzuje, Ze Ceskému tunelarstvi
bylo vénovéno &islo rakouského Casopisu Geomechanics and
Tunnelling (obdrzel jej kazdy ucastnik konference) a Ze Casopis
Tunnels and Tunnelling International uverejnuje na pokracovani
prispévek o vystavbé prazského metra.

V dal§im prubéhu ucastnici schvdlili hospodareni asociace
v roce 2012 (skutecna ztrita byla niz$i nez planovand) a navrh roz-
poctu na rok 2013. Ten pocita se ztratou ve vysi 281,50 tis. K¢, coz

znamend, 7e asociace muZze zachovat plny rozsah Cinnosti jako
v minulych letech a zvySené ndklady bude dotovat ze zisku
z konference PS 2013.
Prof. Bartak pak predal odmény vyhodnocenym udcastnikiim
studentské soutéZe o nejlepsi diplomovou praci v oboru pod-
zemniho stavitelstvi za rok 2012. Vysledek soutéze byl ndsle-
dujici:
1. misto: Ing. Zden&k Zizka — Modelovdni stability celby pFi
razbé pomoci §titu (CVUT) (obr. 2);

2. misto: Ing. Jakub Hajn — Parametrickd studie chovdni kon-
strukce vinného sklepa (VUT) (obr. 3);

3. misto: Ing. Vlastislav Trunda — Studie prenosu zatiZeni
mezi horninovym masivem a sekunddrnim osténim NRTM
s prihlédnutim k vlivu primdrniho osténi (CVUT).

V odborné ¢&ésti prednesl Ing. JaSek prezentaci firmy Sika
S.r.0.. Zajimavé projekty a nové technologie v podzemnich
i dalsich stavbdch.

Ucastnici valného shromazdéni v zavéru jednani prijali jedno-
myslné nasledujici usneseni:

Usneseni
z valného shromazdéni CzTA, které se konalo
29. kvétna 2013 v hotelu Duo v Praze 9

1. Valné shromédzdéni schvaluje zprdvu predsedy o ¢innosti
asociace v obdobi od minulého valného shromdzdéni, které
se konalo 1. ¢ervna 2012.

2. Valné shromdzdéni schvaluje hospodareni asociace za rok
2012 a navrh rozpoctu na rok 2013.

3. Valné shromdzdéni vzalo kladné na védomi hlavni aktivity
CzTA v roce 2013:

— poradani tunelarskych odpoledni a tematického zdjezdu,
edi¢ni pldn casopisu Tunel a sloZeni jeho redak¢ni rady na
roky 2013 az 2016;

— zpravu o mezinarodni konferenci PS 2013;

— informaci o zménéch v sekretaridtu CzTA.

ING. MILOSLAV NOVOTNY, novotny@ita-aites.cz,
sekretdr CzTA ITA-AITES
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pomohou stavét vas tunel bezpedné a Usporné.
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e stavba tuneld v hloubenych otevrenych jamach

o dodavka a montaz samonosné armatury definitivniho osténi v hloubenych tunelech
s prace na spodnich Zelezobetonovych kilenbach hloubenych tuneld

s obklady a vyrovnani stén tunel obkladovymi panely

s construction of tunnels in excavated open pits

s supply and installation of self contained skeleton of final lining in excavated tunnels
» work on the lower reinforced concrete vaults of excavated tunnels

* tiling and leveling the tunnel walls by lining panels
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