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Vystavba metra V.A (Dejvicka-Motol), Praha
stanice Nemocnice Motol

Postavili jsme pro vas nové metro

Specializace na razené i hloubené podzemni stavby je nasi nosnou technologii. Disponujeme tymem zkuSenych
technik(l a mame potiebné vyrobni kapacity umoznuijici optimalizaci vasich projektt podle poslednich technologickych
poznatkll. Své zkusenosti jsme upevnili a rozsiili na fadé vyznamnych a technicky naroénych tunelovych projekta,
mezi které patfi i realizace stanic Nemocnice Motol a Bofislavka a ¢asti tratovych tunelll v ramci projektu prodiouzeni
trasy metra V.A v Praze.

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

tel.: +420 257 406 000 HOCHT'EF

www.hochtief.cz




25. rocnik, €. 2/2016

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 CR E 7122
ISSN 1211 - 0728

Editorial:

doc. Ing. Matous Hilar, M.Sc., Ph.D., CEng., MICE, ¢len redakéni rady . ... ... 1
Uvodniky:

Ing. Ivan Hrdina, vyrobné-technicky reditel Metrostav a.s.

apredseda CZTAITA-AITES .. ... .ottt 2

Ing. Tom43 Bilek, predseda predstavenstva spole¢nosti HOCHTIEF CZ a.s. ...3
Aktualni projekty Metrostavu a.s. v severskych zemich

Ing. Ales Gothard, Ing. Pavel Biirgel, Ing. Ivan Pir§¢, Metrostav a.s., Divize 5 .. [}
Razba tunelu Ejpovice

Ing. Stefan Ivor, Ing. Petr Hybsky, Véclav Andél,

Ing. Karel Rossler, Ph.D., Metrostav a.s., Ing. Milan Majer, SZDC, s. 0. . .. ... 12
Geotechnické riziko: jak to vidi soudci?

Mgr. David Hruska, Metrostav a.s., JUDr. Lukds Klee, Ph.D., LL.M, MBA,

Pravnickd fakulta UK, MetroStav a.. . ...........oououuueeeeannnnennn. 20
C310 Tunely pod Temzi

Riku Tauriainen, HOCHTIEEF Infrastructure GmbH, Rainer Rengshausen,
Andreas Raedle, HMJV, Ing. Pavel Rizicka, Ph.D., HOCHTIEF CZ a.s. .....33

Navrh mikrotunelovani plynovodu pretinajiciho environmentélné

citlivou oblast pobreZi v Austrilii

Taner Aydogmus, HOCHTIEF Engineering GmbH, Flatiron Constructors, Inc.,
Carsten Schulte, HOCHTIEF Engineering GmbH ....................... 42
Navrh, realizace a podminky provadéni nevyztuzeného

definitivniho osténi konvenéné razenych tunelu

Ing. Jif{ Horejsi, Ing. Libor Mafik, Ing. Pavel RuZi¢ka, Ph.D., HOCHTIEF CZ a. s.,

Dipl.-Ing. Andreas Schaab, HOCHTIEF Engineering GmbH .............. 53
Navrh a realizace rekonstrukce tunelu Sedlejovice
Ing. Miroslav Lipka, AMBERG Engineering Brno, a.s. .................. 66

Udrzitelnost tunelovych staveb — hodnoceni kvality dopravy

v souvislosti s otevrrenim dalsi ¢asti méstského okruhu

prof. Ing. Pavel PFibyl, CSc., FD CVUT . .............ooooiiiiiinn. n
FotoreportdZ z mist kondni exkurzi porddanych v ramci konference

Podzemni stavby Praha2016 ...................................... 86
Ze svéta podzemnich staveb ............. .. ... ... 95
Zpravy z tunelarskych konferenci .................................. 98
Aktuality z podzemnich staveb v Ceské a Slovenské republice .......... 102
Z historie podzemnich staveb ..................................... 106
VIEO oo 109

REDAKCNI RADA/EDITORIAL BOARD

Volume 25, No. 2/2016

ToHel

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:

doc. Ing. Matous Hilar, M.Sc., Ph.D., CEng., MICE,

a member of the Editorial Board ... .............oouiiiiiiiiiaii.i. 1
Ing. Ivan Hrdina, Chief Operations and Technology Officer of Metrostav a.s.

and Chairman of the CZTAITA-AITES .......... ... ... ... ... ..... 2

Ing. Tomds Bilek, Chairman of the Board of Directors of HOCHTIEF CZ a.s. .. 3
Current Metrostav a.s. Projects in the Nordic Countries

Ing. Ale§ Gothard, Ing. Pavel Biirgel, Ing. Ivan Pirs¢, Metrostav a.s., Divize 5 .. &
Driving the Ejpovice Tunnel

Ing. Stefan Ivor, Ing. Petr Hybsky, Véaclav Andél, Ing. Karel Rossler, Ph.D.,
Metrostav a.s., Ing. Milan Majer, SZDC S. 0. .. ..ovvvieineaeen... 12
Geotechnical Risk: What Judges Think about it?

Mgr. David Hruska, Metrostav a.s., JUDr. Lukas Klee, Ph.D., LL.M, MBA,
Préavnicka fakulta UK, MetroStav a.5. . ............ooouuueeenennnn... 20
Crossrail C310 Thames Tunnel

Riku Tauriainen, HOCHTIEF Infrastructure GmbH, Rainer Rengshausen,
Andreas Raedle, HMJV, Ing. Pavel Ruzicka, Ph.D., HOCHTIEF CZ ass. . . . .. 33
Design of a Utility-Micro-Tunnel for Crossing Under a Sensitive Shore Area
Taner Aydogmus, HOCHTIEF Engineering GmbH, Flatiron Constructors, Inc.,
Carsten Schulte, HOCHTIEF Engineering GmbH . . .................... 42
Design, Realisation and Conditions of the Application of Unreinforced
Concrete Final Lining of Conventionally Driven Tunnels

Ing. Jifi Hotejsi, Ing. Libor Mafik, Ing. Pavel RuZicka, Ph.D., HOCHTIEF CZ a. s.

Dipl.-Ing. Andreas Schaab, HOCHTIEF Engineering GmbH ............. 53
Design and Realisation of Reconstruction of Sedlejovice Tunnel
Ing. Miroslav Lipka, AMBERG Engineering Brno,a.s. . ................. 66

Sustainability of Tunnel Structures — Assessment of Traffic Quality

in the Context of the Inauguration of another Part of the City Circle Road
prof. Ing. Pavel Pfibyl, CSc., FD CVUT . .........coouviriiiianan... 71
Picture Report from the Locations of where Excursions Organized

within the Framework of the Underground Construction Prague 2016

willbemaid .......... .. ... ... ... 86
The World of Underground Constructions ......................... 95
News from Tunnelling Conferences . .............................. 98
Current News from the Czech and Slovak Underground Construction . . 102
From the History of Underground Constructions ................... 106
ANNIVEISATIES . . . ... oo\ttt 109

Ceiti a slovensti ¢lenové / Czech and Slovak members
prof. Ing. Jifi Barték, DrSc. — Stavebni fakulta CVUT v Praze (pfedseda/Chairman)
Ing. Tomas§ Ebermann, Ph.D. — GEOtest, a.s.

Ing. Miloslav Frankovsky — TERRAPROJEKT, a. s.

doc. Ing. Matous Hilar, Ph.D. — 3G Consulting Engineers, s.r.0.
doc. Ing. Vladislav Hordk, CSc. — VUT Brno, FAST

doc. RNDr. Eva Hrubesov4, Ph.D. — VSB-TU Ostrava

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

Ing. Viktéria Chomovd — STA

Ing. Jan Korej¢ik — Mott MacDonald CZ, spol. s r.o.

Ing. Jén Kus$nir - REMING CONSULT a. s.

Ing. Libor Maiik - HOCHTIEF CZ a.s.

Ing. Miroslav Novdk — METROPROJEKT Praha a. s.

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

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

Ing. Boris Sebesta —- METROSTAV as.

doc. Ing. Richard Siupdrek, CSc. — Ustav geoniky AVCR v.v.i.
Ing. Pavel Sourek — SATRA, spol. s 1.0.

VYDAVATEL

Ceskd tunelafskd asociace a Slovenska tuneldrska asocidcia ITA-AITES pro vlastni potiebu

DISTRIBUCE

Ing. Viclav Vesely — ARCADIS CZ a.s.

Ing. Ondrej Vida — SKANSKA SK, a. s.

Ing. Jan Vintera — Subterra a.s.

Ing. Jaromir Zldamal — POHL CZ, a.s.

CzTA ITA-AITES: Ing. Markéta Pruskové, Ph.D.

Zahranicni ¢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

¢lenské staty 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.: +420 702 062 610

e-mail: pruskova@ita-aites.cz

web: http://www.ita-aites.cz

Vedouci redaktor: Ing. Markéta Pruskovd, Ph.D.

Odborni redaktofi: doc. Dr. Ing. Jan Pruska, Ing. Pavel Sourek,

RNDr. Radovan Chmelaf, Ph.D., Ing. Jozef Frankovsky
Grafické zpracovani: DTP Martin Pek, nim. T. G. Masaryka 737,290 01 Podébrady
Tisk: HR.G.spol.sr. 0., Litomysl
Foto na obdlce: Harrachovsky tunel (foto AMBERG Engineering Brno, a.s.)

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: pruskova@ita-aites.cz

web: http://www.ita-aites.cz

Editor-in-chief:
Technical editors:

Ing. Markéta Pruskova, Ph.D.

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

RNDr. Radovan Chmelaf, Ph.D., Ing. Jozef Frankovsky

DTP Martin Pek, ndm. T. G. Masaryka 737,290 01 Podébrady
H.R.G. spol. s 1. 0., Litomysl

Harrachov tunnel

(photo courtesy of AMBERG Engineering Brno, a.s.)

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 clenové:

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

Ing. Pavel Marik ()

Clenské organizace:

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

office: Zeleny pruh 95/97

140 00 Praha 4

AMBERG Engineering Brno, as.
PtasSinského 10
602 00 Brno

Angermeier Engineers, s.1.0.
Prazskd 810/16
102 21 Praha 10

AQUATIS as.
Botanicka 834/56
656 32 Brno

ARCADIS CZ as.
Geologickd 4/988
15200 Praha 5

AZ Consult, spol. s r.0.
Klisskd 12
400 01 Usti nad Labem

BASF Stavebni hmoty
Ceskd republika s.r.0.
K Méjovu 1244
53701 Chrudim

Stavebni fakulta CVUT v Praze
Théakurova 7
166 29 Praha 6

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

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

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

Fakulta stavebni VSB-TU Ostrava
L. Podéste 1875/17
708 33 Ostrava-Poruba

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

GeoTec-GS, as.
Chmelova 2920/6
106 00 Praha 10-Zébehlice

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

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

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 zaklddant, spol. s r. o.
Na Pankréci 1618/30
140 00 Praha 4

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

METROSTAV as.
Kozeluzska 2450/4
180 00 Praha 8

Minova Bohemia s.r.o.
Lihovarskd 1199/10
Radvanice

716 00 Ostrava

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

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

POHL cz, as.
Nédrazni 25
252 63 Roztoky u Prahy

PRAGOPROJEKT, a.s.
K Rysénce 1668/16
147 54 Praha 4

Promgt S.I.0.
V. P. Ckalova 22/784
160 00 Praha 6

PROMINECON CZ a.s.
Revolucni 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

SAMSON PRAHA, spol. s r. 0.
Tynské 622/17
110 00 Praha 1

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

SIKA CZ, s r.0.
Bystrcka 1132/36
624 00 Brno

SMP CZ, as.

Pobiezni 667/78

186 00 Praha 8

SPRAVA ULOZIST .
RADIOAKTIVNICH ODPADU
Dlazdéna 1004/6

110 00 Praha 1-Nové Mésto

Subterra a.s.
Kozeluzskad 2246/5
180 00 Praha § - Libeni

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

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

UNIVERZITA PARDUBICE
Dopravni fakulta Jana Pernera
Studentskd 95

532 10 Pardubice

USTAV GEOLOGICKYCH VED
Piirodovédecka fakulta
Masarykovy univerzity v Brné
Kotlarska 267/2

611 37 Brno

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

VIS, as.
Bezovd 1658
14701 Praha 4

Zakladani Group a.s.
Thamova 181/20
186 00 Praha 8

Cestni &lenovia:

doc. Ing. Koloman V. Ratkovsky, CSc.
Ing. Jozef Frankovsky

prof. Ing. Frantidek Klepsatel, CSc.
Ing. Juraj Kelesi

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

821 03 Bratislava

AMBERG Engineering Slovakia, s. 1. 0.
Somolického 819/1
811 06 Bratislava

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

BASEF Slovensko, s. 1. 0.
Prievozska 2
821 09 Bratislava

BASLER & HOFMANN SLOVAKIA,
S.T. 0.

Panenskd 13

811 03 Bratislava

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

DOPRAVOPROJEKT a.s.
Kominarska 2, 4
832 03 Bratislava

GEOCONSULT, spol. s 1. 0.
Mileti¢ova 21

P.O.BOX 34

820 05 Bratislava

GEOFOS, spol. s 1. 0.
Velky diel 3323
010 08 Zilina

GEOSTATIK spol. s r. 0.
Kragujevskd 11
010 01 Zilina

HOCHTIEF CZ as.
org. zlozka Slovensko
Mileti¢ova 23

821 09 Bratislava

HYDROBETON; . . 0.
Stavitel’skd 3
831 04 Bratislava

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

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

MAPEI SK, s. 1. 0.
Nadrazna 39
900 28 Ivanka pri Dunaji

Metrostav a.s., org. zlozka
Mlynské Nivy 68
821 05 Bratislava

NARODNA DIANICNA
SPOLOCNOST, a. s.
Mlynské nivy 45

821 09 Bratislava

Niedax, s.r.o.
Pestovatelskd 6
824 04 Bratislava

OBO Bettermann s.r.o.
Vini¢nianska cesta 13
902 01 Pezinok

OHLZS,as.,0.z.
Furmanskd 8
841 03 Bratislava 47

leRI, spol.sr. 0.
Samorinska 18/4227
903 01 Senec

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

PRIRODOVEDECKA FAKULTA UK
Katedra inZinierskej geolégie
Mlynska dolina G

842 15 Bratislava

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

RENESCO, a.s.
Panenska 13
811 03 Bratislava

SIKA SLOVENSKO, spol. s r. 0.
Rybnicnd 38/e
831 06 Bratislava

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

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

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

Spel SK spol. s r.o.
Frantiskanska 5
917 01 Trnava

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

Strabag, s.r.o.
Mlynské Nivy 61/A
825 18 Bratislava

STU, Stavebnd fakulta
Katedra geotechniky
Radlinského 11

813 68 Bratislava

TAROSI c.c.,s.ro.

Slavicie tdolie 106

811 01 Bratislava

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.

K cintorinu 63

010 04 Zilina - Banova
TUNGUARD, s r.0.
Osloboditelov 120

044 11 Trstené pri Hornade

URANPRES, spol. s 1. 0.
Frana Kréla 2
052 80 Spisskd Nova Ves

USTAV GEOTECHNIKY SAV
Watsonova ul. 45
043 53 Kosice

VAHOSTAV-SK, a. s.
Hlinskév40
010 18 Zilina

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

ZELEZNICE SR
Klemensova 8
813 61 Bratislava

ZILINSKA UNIVERZITA

Stavebna fakulta, blok AE

Katedra geotechniky,

Katedra technolégie a manazmentu stavieb
Univerzitnd 8215/1

010 26 Zilina



25. rocnik - €. 272016

VaZeni priznivci podzemnich staveb,

dostdvé se vam do rukou ¢&islo odborného Casopisu Tunel, které vychdzi v dobé konéni 13. ro¢niku mezindrodni konference
Podzemni stavby Praha 2016 a 3. ro¢niku vychodoevropské tunelarské konference (EETC) 2016. Konference navazuje na pred-
chozi ro¢niky konferenci Podzemni stavby Praha (perioda 3 let) a Vychodoevropskych tuneldrskych konferenci (perioda 2 let).
Toto &islo Casopisu Tunel je soucdsti konferen¢nich material.. Rad bych touto cestou podékoval viem, kteff svym dilem piispéli
ke zddrnému prubéhu konference. Jedna se predevsim o Eleny pripravného vyboru a védecké rady konference, kteii konferenci
tfi roky pripravovali. Velmi ocefiujeme vstficnost renomovanych vyzvanych fecniku, ktefi svymi predndskami a prispévky
0 vyznamnych zahrani¢nich projektech nepochybné zvySuji prestiZ a atraktivitu konference. Dékujeme i vSem ostatnim autorim
za pﬁ'spévky do sborniku konference, tstni prezentace a postery. Je tfeba zminit partnery konference, jejichZ financni piispévky
se opét pnzmve prormtly do vyse vlozného a rozsahu nabizenych sluzeb. Zejména v ¢asech mensiho objemu podzemmch sta-
veb v CR si dané vstficnosti velmi cenime. Také je tieba podekovat viem vystavovatelim a podporujicim organizacim véetné
Mezindrodni tuneldfské asociace ITA-AITES. Zastitu hl. mésta Prahy poskytl konferenci radni Petr Dolinek. Organizaci konfe-
rence opet zajistovala agentura Guarant International, se kterou CzTA spolupracuje na piipravé konferenci od WTC 2007. V neposledni fadé bych rad pode-
koval v§em organizacim, které podpofily ucast svych zaméstnanct na konferenci. Véfim, Ze vyména zkusenosti béhem konference opét posune Ceské tune-
larstvi o krok vpred. Vazme si vSech, kteri k danému posunu naseho oboru prispivaji a neberme jejich tsili jako samozrejmost.

Dalsim prostredkem pro sdilen{ tuneldfskych zkuSenosti je casopls Tunel, ktery si podle nazoru rady odbornikit dlouhodobé drzi velmi vysokou
odbornou troven. Co je pro vds v tomto &isle pripraveno? Cislo je vénovano dvéma nejvyznamnéjsim partnerim konference PS 2016, firmam
Metrostav a.s. a HOCHTIEF CZ a. s. Prvni 3 ¢ldnky pripravili autofi z firmy Metrostav a.s. Doctete se v nich o razbach severskych tuneli pomoci
metody Drill & Blast — konkrétné o dokonéenych razbéch islandského tunelu Nordfjordur délky cca 7.5 km a o razbdch norskych tunelu Veitastrond
a Joberg. Dile je predstavena soucasnd nejvyznamnéjsi tunelovd stavba v CR - razba dvou jednokolejnych Zelezni¢nich tuneld Ejpovice délky
2x4,15 km pomoci hybridniho tunelovaciho stroje. Treti ¢ldnek je zaméfen na pravni aspekty vystavby tunelt, konkrétné na zahrani¢ni (zejména ame-
rické) zkusenosti s alokaci geotechnickych rizik. Prvni ¢lanek firmy HOCHTIEF CZ a. s. se zabyva vystavbou Cdsti projektu Crossrail, konkrétné dvou
tunelt pod TemZi raZenych pomoci Stitu. I druhy ¢lanek popisuje mechanizované tunelovani v zahrani¢i, konkrétné mikrotunelovéni s protlatovanim
Zelezobetonovych trub na mimorddnou délku cca 1,25 km v Austrdlii. Predmétem posledniho ¢ldnku firmy HOCHTIEF CZ a. s. ]e navrh a realizace
nevyztuzenych osténi, coz pOVaZLl_ll (vzhledem k moZnym vyhod4m a minimu aplikaci na dopravnich tunelech v CR) za velmi pfinosné téma.

Predposledni ¢lanek je zamereny na rekonstrukei kratkého tunelu Sedlejovice, ktery slouZi pro Zelezni¢ni dopravu jiz vice nez 150 let. Posledn{
odborny ¢ldanek v tomto Cisle se zabyva posouzenim prospésnosti prazského tunelového komplexu Blanka z hlediska kvality dopravy.

Ctendfiim Gasopisu pieji pifjemné a poucné Gteni. Viem tcastnikiim konference preji, aby konference splnila jejich oekdvani. Konferenci si
ndleZité uZijte, prirozené kromé odborné stranky je neméné duleZitd i stranka spolecenskd.

Zdarf Biih! doc. Ing. MATOUS HILAR, M Sc., Ph.D., CEng., MICE, &len redakéni rady,

predseda védecké rady konference PS 2016 a EETC 2016

Dear sympathisers of underground structures,

the issue of the technical journal TUNEL arriving in your hand is being published during the time of holding the 13th International Conference
Underground Construction Prague 2016 and the 3t Eastern European Tunnelling Conference (the EETC) 2016. The conference is a follow up to the pre-
vious conferences Underground Construction Prague (3-year period) and Eastern European tunnelling conferences (2-year period). This TUNEL journal
issue is part of the conference materials. I would like to use this opportunity to thank all those who have contributed to the successful course of the con-
ference. Among them, there are first of all members of the Steering Committee and the Scientific Council, who have been working on the preparation of
the conference for three years. We highly appreciate the collaborative approach of renowned invited lecturers, who undoubtedly increase the prestige and
attraction of the conference by their lectures and papers on important foreign projects. We thank to all other authors for their contributions to the confe-
rence proceedings, oral presentations and posters. It is necessary to mention the conference partners, the financial contributions of whom again favourab-
ly reflected themselves into the amount of the conference fee and the scope of the services offered. We highly appreciate their helpfulness, especially during
the period of the smaller volume of underground construction projects in the Czech Republic. It is in addition necessary to nicely thank all exhibitors and
supporting organisations, including the International Tunnelling Association ITA-AITES. The support by the City of Prague was provided by Mr. Petr
Dolinek, a Prague councillor. The conference organisation was again taken care of by Guarant International Agency, with which the CzTA has collabora-
ted on the preparation of conferences since the WTC 2007. At last but not least I would like to thank all organisations which supported the participation
of their employees in the conference. I believe that the exchange of experience during the course of the conference will again move the Czech tunnelling
industry a step forward. Let us value all of those who contribute to the given moving of our industry and let us not take their efforts granted.

TUNEL journal is another means of sharing tunnelling experience. According to many professionals the journal keeps a very high professional level in
the long term. What is prepared for you in this issue? The issue is dedicated to two most important conference partners, concretely to Metrostav a.s. and
HOCHTIEF CZ a. s. The first paper prepared authors from Metrostav a.s. You can read there about the finished driving of the 7.5km long Icelandic tun-
nel Nordfjordur and about driving Norwegian tunnels Veitastrond and Joberg. In addition, the currently most important tunnelling project in the Czech
Republic — driving two 2x4.15km long Ejpovice single-track railway tunnels by means of a hybrid TBM. The third paper is focused on legal aspects of
tunnel construction, concretely foreign (mainly American) experience with the allocation of geotechnical risks. The first paper submitted by the company
of HOCHTIEF CZ a. s. deals with the construction of a part of the Crossrail project, concretely two tunnels under the Thames driven by TBMs. The second
paper also describes mechanised tunnelling abroad, concretely microtunnelling with jacking of reinforced concrete tubes to an exceptional distance of
1.25km in Australia. The subject of the last paper from HOCHTIEF CZ a. s. is the design and realisation of unreinforced linings. With respect to the pos-
sible advantages and the minimum of applications to transport tunnels in the Czech Republic, I consider this topis to be very useful.

The last but one paper is focused on the reconstruction of the short Sedlejovice tunnel, which has been serving to railway transport for over 150 years.
The last technical paper published in this journal issue deals with the assessment of the profitability of the Blanka complex of tunnels in Prague from the
aspect of the quality of traffic.

I wish the readers of this journal pleasant and enlightening reading. Regarding all attendees to the conference, I wish them that the conference meets
their expectations. Enjoy the conference properly. Naturally, apart from the professional aspect, the societal aspect is not less important.

God speed you! doc. Ing. MATOUS HILAR, M.Sc., Ph.D., CEng., MICE, a member of the Editorial Board,

Chairman of the Sctentlf ic Counctl of the Conference UC 2016 and the EETC 2016




VAZENI CTENARI CASOPISU TUNEL,

jsem rdd, Ze v roce oslav 45 let od vzniku spo-
le¢nosti Metrostav a.s. vdas mohu prostiednictvim
Casopisu Tunel opét oslovit a podélit se s vami
0 to, co se déje vné i uvnitf nasi firmy, a o to, co
nam déla vétsi nebo mensi radost.

Radost nam jisté dela, ze v kvétnu leto$niho
roku se v Praze uskutecni jiz 13. konference
Podzemni stavby Praha 2016, kterd plynule nava-
zuje na svétovou tuneldrskou konferenci WTC 2016 v San
Francisku. Obé akce jisté prokdzou a predstavi dalsi obrovsky
posun v technologiich podzemniho stavitelstvi, které svym
rozvojem umoznuji navrhovat stile odvaznéjsi a velkolepéjsi
podzemni stavby a dila.

Radost ndm ovSem ned€ld skuteCnost, Ze tento rozvoj se
v plné §ifi v sou¢asné dobé nedotyka Ceské republiky. Nase
spole¢nost v loniském roce dspésné dokoncila dva velké infra-
strukturni projekty — Prodlouzen{ trasy metra V. A a Tunelovy
komplex Blanka, ktery se soucasné stal i nejdelSim méstskym
tunelem v Evropé. Na druhou stranu se dnes z velkych
dopravnich tuneld v na3{ zemi buduje pouze jediny, a to Zelez-
ni¢ni tunel na trase Rokycany — Plzen.

Soucasnd situace nds tak donutila obratit pozornost na
zahrani¢i. Dnes jiZ vice neZ 30 % celkovych vykonu dosahu-
je Skupina Metrostav mimo Ceskou republiku a Slovensko,
v pripadé samotného Metrostavu je to zhruba 20 procent.
V podzemnim stavitelstvi se ndm nejvice dafi v severskych
evropskych zemich, kde mimo jiné ocenujeme zejména rovny
a férovy pristup tamnich investort k zahrani¢nim firmam.

S védomim uvedené situace a pozice nasi spoleCnosti na
domécim a zahrani¢nim trhu ndm ovS§em nedéld radost rozvoj,
respektive ndstup nového fenoménu do podzemniho stavitel-
stvi, a to vaha prava a role pravnika pri feSenf rizik plynoucich
ze smluvnich vztahu. V dne$nim pojeti realizace projekta se
stdle vice a jasnéji ukazuje, Ze pravo a jeho vyklad jako norma
pro podzemni stavby prevazuje nad technickym a faktickym
vedenim a feSenim projektu. Je ndm jasné, Ze dany vyvoj je
pravdépodobné nezvratny, ale jde ndm o to, aby fenomén prav-
niho rozhodce byl spravedlivy a objektivné vyvdZzeny, coZ
dnesnim zadavatelim a smluvnim vztahum neni vZdy vlastni.

S prihlédnutim ke komplikovanosti dne$niho globédlniho
iregiondlniho svéta a v€etné i vySe uvedeného v§ak mohu fict,
Ze v celkovém skoére plusovych a zdpornych bodu snad jiz
kone¢né zalne prevaha téch pozitivnich. VEfim, Ze makroe-
konomické i podnikatelské prostredi a ndlada spolecnosti jiz
jsou, nebo se brzo dostanou do takové kondice, kterd umozni
celkovy rozvoj a kultivaci stavebniho trhu, tedy i toho naSeho
podzemniho.

ViZeni pratelé, zdvérem mi dovolte vyjadrit
prani, aby ndm vSem podzemni prostory
v budoucnosti prindSely stdle vice radosti
a méné zmaru, a to jak pri jejich vystavbé, tak
i pfi jejich nasledném uZivani.

Zdaf buh!
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DEAR READERS OF TUNEL JOURNAL,

I am glad that I can greet you again through
TUNEL journal in the year of the 45th anniversary of
the origination of Metrostav a.s. and share with you
the information what is happening outside and inside
our company and what makes us more or less happy.

What certainly makes us happy is the fact that the
already 13th conference Underground Construction
Prague 2016 will take place in May 2016. The confe-
rence will smoothly follow on the WTC 2016 con-
gress in San Francisco. Both events will certainly prove other
great progress in underground construction technologies, which
allow through their development for designing more and more
daring and magnificent underground projects and structures.

But what does not make us happy is the fact that this develop-
ment does not fully apply to the Czech Republic. Last year our
company successfully completed two large infrastructure pro-
jects — the metro line extension V.A and the Blanka complex of
tunnels, which has at the same time become the longest urban
tunnel in Europe. On the other hand, only one tunnel of the large
transport tunnels is under construction in the Czech Republic —
the railway tunnel on the Rokycany — Plzen route.

The current situation therefore forced us to turn our attention to
foreign countries. Metrostav Group today achieves over 30% of the
overall output outside the Czech Republic and Slovakia; in the case
of Metrostav a.s. itself, it is approximately 20%. In the underground
construction industry, we are most successful in the Nordic count-
ries, where we appreciate, among others, in particular the equal and
fair attitude of local project owners to foreign companies.

Nevertheless, even knowing the above described situation and
the position of our company in the domestic and foreign markets,
the development, respectively the onset of a new phenomenon in
the underground construction industry, does not make us happy.
It is the weight and the role of a lawyer in solving risks following
from contractual relationships. In the current understanding of
the implementation of projects, it shows more and more clearly
that law and its interpretation as a standard for underground con-
struction prevails above the technical and factual management of
and solution to projects. It is clear to us that this development is
probably irreversible, but our concern is that the phenomenon of
a legal arbitrator was fair and objectively balanced, which app-
roach is not always adopted by today’s project owners.

However, with respect to the complicated character of the cur-
rent global and regional world and the above-mentioned facts, I
can say that I hope that positive points will finally start to preva-
il in the overall score of plus and minus points. I believe that
macroeconomic and business environment and the mood in the
society already are, or soon will get to such a condition which
will allow for the overall development and cultivation of the con-
struction market, thus also our underground construction market.

Dear friends, to conclude let me express my wish
that underground spaces brought us all more and
more joy and less frustration in the future, both
during the construction as well as during the sub-
sequent use.

God speed you!

ING. IVAN HRDINA

vyrobné-technicky Feditel Metrostav a.s.
a predseda CZTA ITA-AITES, 2. s.
Chief Operations and Technology Officer of Metrostav a.s.
and Chairman of the CzTA ITA-AITES
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VAZENE DAMY A PANOVE, VAZENI
PROFESNI PRATELE,

jsem poctén nejen za spoleCnost, ale i za sebe, 7e
mohu mit dvodni slovo k vydani ¢asopisu Tunel, jehoz
¢dst je vénovdna prezentaci Cinnosti stavebni spolec-
nosti HOCHTIEF CZ.

Spole¢nost HOCHTIEF CZ v leto$nim roce slavi
desaté vyroci vstupu do ceského trzniho segmentu
dopravni infrastruktury. Pfed deseti lety jsme za timto
ucelem zaloZili naSi divizi Dopravni stavby, kterd zahy
dostala svij prvni velky kol — spoluprdci na realizaci Silni¢niho
okruhu kolem Prahy, isek 514 Lahovice — Slivenec. Na tomto pro-
jektu, kde jsme byli odpovédni za tunel a most, si nase tymy ziska-
ly ony povéstné ostruhy. Tzv. ,pétsetétrnactka® se pro nds stala
$pickovym projektem, kde jsme ukdzali, Ze jsme schopni realizovat
i takto naro¢ny projekt. Nase tymy mohly vyuzivat odbornou pod-
poru poskytovanou kompetenénimi centry nasi matetské spolec-
nosti, jejiz stavitelskd historie je delSi nez 140 let. Koncernové
know-how ziskané na projektech, jako je Gotthardsky tunel nebo
most pies Bosporsky pruplav v Turecku ¢i na fadé dalSich dél pro-
vadénych po celém svété nasimi sesterskymi spole¢nostmi CIMIC
(Leighton), Flatiron nebo Thiess, jsme schopni zirocit i u nés.

V loniském roce jsme tispé§né dokondili vystavbu &dsti tunelti na
novém prodlouZeni trasy prazského metra V.A véetné stanic
Borislavka a Nemocnice Motol. Druhd nejstarSi trasa metra tak
doznala podstatného rozsiteni za vyznamného prispéni pravé nasich
pracovnika. Uvedeni nového dseku do provozu v avizovaném ter-
minu, bezproblémovy prubéh stavby a zkuSebniho provozu svedei
o tom, Ze se dilo povedlo. Po jeho dokonéeni jsme &dst tymu pre-
sunuli na pfipravu k soutéZi na vystavbu nové trasy metra D a Cdst
jsme presunuli na nd$ v soucasnosti nejvetsi tunelaisky projekt —
Tunel Povazsky Chlmec — D3, Zilina (StrdZov) — Zilina (Brodno).
V souvislosti s nim jsme do spole¢nosti prijali skupinu projektanta
puvodné pochézejicich ze spole¢nosti IKP. Takto vytvorend kom-
petencni skupina se zabyva nejen projekénimi pracemi na tunelech,
ale mimo jiné ve spoluprdci s nasimi némeckymi kompetenénimi
centry pracuji na nékterych inovativnich technologiich, mezi které
se fadi napriklad nevyztuZené sekundarni osténi. Nabyté zkusenos-
ti umozZfiuji fadé nasich délnikl a technikd pusobit i na zahrani¢nich
tunelovych stavbich na$i materské spolenosti provadénych jak
konven&nimi metodami, tak pomoci stroji TBM. V této chvili se
&dst téchto expertnich kapacit podili na projektu GKI — Gemein-
schaftskraftwerk Inn v Rakousku, a také na projektu Stuttgart 21
v Némecku.

V tomto vydani ¢asopisu Tunel jsme pro vds pripravili celkem tfi
prispévky. Hlavni se vénuje problematice jiZz zminovaného nevyz-
tuzeného osténi provadéného na tunelu Povazsky Chlmec na
Slovensku. Dals{ dva prispévky se vénuji realizacim naSich zahra-
ni¢nich kolegi. Prvnim z nich je ¢ldnek o projektu Crossrail —
Tunely pod TemZi realizovany kolegy z HOCHTIEF UK. Dalsi nas
prenese do daleké Austrilie, kde kolegové z koncernové spole¢nos-
ti Thiess ve spolupraci s HOCHTIEF Engineering realizovali pro-
jekt mikrotunelu protinajictho citlivou oblast pobrezi v australské
pusting.

Zavérem bych rad Ceské tuneldiské asociaci podékoval za jejich
préci a popral mnoho velmi kvalitnich a podnétnych
setkani a aktivit a véfim, Ze i toto aktudlni vydéani
Casopisu Tunel pfinese vSem jeho Ctendfum fadu
zajimavych informaci.

TuouMHel

DEAR LADIES AND GENTLEMEN,
DEAR PROFESSIONAL FRIENDS,

I am honoured not only as a representative of the com-
pany but also myself that I am allowed to have the intro-
ductory word to the TUNEL journal issue part of which is
dedicated to the presentation of activities of the company
of HOCHTIEF CZ.

This year, HOCHTIEF CZ celebrates the tenth anniver-
sary of its entry to the transport infrastructure segment of
the Czech market. Ten years ago we founded our Transport
Construction division, which was soon given its first great task — to col-
laborate on the realisation of the Prague City Ring Road, section 514
Lahovice — Slivenec. At this project, where we were responsible for
a tunnel and a bridge, our teams won their famed spurs. The so-called
“514” became the top project, where we showed that we are capable of
realising even such a demanding project. Our teams could use the pro-
fessional support provided by competence centres of our mother com-
pany, the building history of which exceeds 140 years. We are able to
capitalise on the concern’s know-how gathered at such projects as the
Gotthard tunnel, the bridge over the Bosporus Strait in Turkey or many
other projects realised all over the world by our sister companies of
CIMIC (Leighton), Flatiron or Thiess throughout the world, even in the
Czech Republic.

Last year we successfully finished the construction of a part of tunne-
Is on the new extension of the Prague metro Line V. A, including
Borislavka and Nemocnice Motol stations. The second oldest metro line
was substantially expanded with the significant contribution of our
employees. Putting the new section into service in the announced dead-
line, the smooth course of the construction and the trial operation testify
to the success of the work. After the completion of the work on the
extension, we shifted part of the team to the preparation for the tender
for the new metro Line D and moved a part to our currently largest tun-
nel construction project — the Povazsky Chlmec tunnel on the D3 motor-
way section between Zilina (Strazov) — Zilina (Brodno). In the context
of this contract we have employed a group of designers originally
coming from the company of IKP. The competence group created in this
way deals not only with designing tunnels but, among other, in collabo-
ration with our German competence centres, they work on some inno-
vative technologies with, for example, the unreinforced concrete secon-
dary lining among them. The gathered experience allows for many of
our workers and technicians to operate even on foreign tunnel construc-
tion sites of our mother company carried out using both conventional
methods and TBMs. At this moment part of these external capacities
participates in the GKI - Gemeinschaftskraftwerk Inn project in Austria
and, in addition, in the Stuttgart 21 project in Germany.

In this TUNEL journal issue we have prepared the total of three papers
for you. The main one is dedicated to problems of the above-mentioned
unreinforced concrete lining, which is being carried out in the Povazsky
Chlmec tunnel in Slovakia. The other two contributions are dedicated to
the construction carried out by our foreign colleagues. The first of them is
the Crosstrails project — Tunnels under the Thames, which is being realised
by colleagues from HOCHTIEF UK. The other will transfer us to remote
Australia, where colleagues from the concern company of Thiess in colla-
boration with HOCHTIEF Engineering realised a project for a micro-tun-
nel crossing a sensitive area of the coast in Australian wasteland.

To conclude, I would like to thank the Czech
Tunnelling Association for their work and wish them
lots of high-quality and inspiring meetings and activities
and I believe that even this current issue of TUNNEL
journal will bring a lot of interesting information to all
of its readers.

ING. TOMAS BILEK

predseda predstavenstva spole¢nosti HOCHTIEF CZ a. s.
Chairtman of the Board of Directors of HOCHTIEF CZ a. s.
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AKTUALNI PROJEKTY METROSTAVU A.S. V SEVERSKYCH ZEMICH
CURRENT METROSTAV A.S. PROJECTS IN THE NORDIC COUNTRIES

ALES COTHARD, IVAN PIRSC, PAVEL BURGEL

ABSTRAKT

Akciovd spolecnost Metrostav piisobi na stavbé tunelu v severskych zemich jiz od roku 2006. Tento &ldnek navazuje na predchozi
z Casopisu Tunel 2/2015 vénovany rovnez severskym tunelum. V zdii 2015 byla slavnosini prordzkou zakondena stavba nejdelSiho
islandského silnicniho tunelu Nordfjorour. V Norsku probihd vystavba dvou tunelii Veitastrond a Joberg. Pro razby v téchto oblastech
Jje typické vyuZiti metody Drill&Blast, lokdlné i NRTM. Tento ldnek shrnuje zdkladni technické informace téchto projekti, stavajict
a budouci prdce a navrZend technickd reSeni a zajimavosti z vystavby.

ABSTRACT

Metrostav joint-stock company has been active in construction of tunnels in the Nordic countries already since 2006. This paper builds
on the previous paper from the TUNEL issue 2/2015 dedicated to tunnels built in the Nordic countries. The construction of the
Nordfjorour tunnel, the longest Icelandic road tunnel, was finished by a breakthrough celebration in September 2015. The constructi-
on of two tunnels, the Veitastrond and Joberg, is underway in Norway. The tunnelling method typical for these areas is the Drill&Blast,
locally also the NATM. This paper summarises basic technical information on these projects, the current and future work, the proposed
technical solutions and interesting facts from the construction process.

TUNEL NORBFJORDUR

Dne 17. 9. 2015 byly slavnostni prordzkou z portédlu
Eskifjorour dokonceny razby tunelu Nordfjordur a tento tunel
se tak stal nejdelSim islandskym silni¢nim tunelem. Celkova
razend délka tunelu 7566 m byla projektem rozdélena na
4540 m z portalu Eskifjordur a 3026 m z portdlu Fannardalur.
BéZny profil tunelu lze podle norskych standardu klasifikovat
jako T8. Tento typ profilu je se svou teoretickou velikosti
vyrubu 54,7 m? dostate¢né velky pro dva silniéni pruhy, kazdy
se Sitkou 3 m. V misté bezpecnostnich zalivu, resp. odstavnich
ploch, se velikost profilu vyrubu zvétsi az na 77,3 m2. Tyto
zélivy je podle islandskych pfedpisu nutno realizovat kazdych
530 béznych metru tunelu. V celé trase tunelu jich tak bylo
vyrazeno celkem 14, pficemZ nékteré z nich byly realizovany
s dal8i rozrdzkou pro zajisténi technologickych komor potreb-
nych pro budouci provoz tunelu. Pfedpoklddané prajezdy tune-
lem jsou o¢ekdvdny v maximu 500-600 automobilu za den.

Bilance vyrubané horniny v poméru k mnoZstvi horniny
uréené pro zdsypy je témér nulovd. VytéZend rubanina bude
uplatnéna pri budovani zhruba 5 km novych komunikaci
vedoucich k tunelu a k zdsypum intravildnu mésta Eskifjorour
v nadchdzejici fazi projektu.

Postupy razeb

Razby z portalu Eskifjorour byly zahdjeny v listopadu 2013.
Zahdjeni raZeb z portdlu Fannardalur nasledovalo v bfeznu
2014. Prumérné tydenni postupy razeb byly z portdlu
Fannardalur 53,3 m, resp. 49,2 m z portdlu Eskifjordur, z toho
vyplyvaji primérné denni postupy 8.9 m, resp. 8,2 m. VétSina
délky tunelu byla razena dovrchné — 3 %. Poslednich 600 m
z portdlu Fannardalur bylo vyrazeno tpadné — 1,5 %.

Geologické poméry

Razby byly vedeny prevazné vyvielymi bazaltovymi horni-
nami s mezilehlymi vrstvami vulkanosedimentarnich hornin.
Tyto vétSinou znaéné nesoudrZzné vrstvy tufi a pyroklastik
dosahovaly mocnosti az 8 m a vyznamné zpomalovaly postu-
py razeb (obr. 1). V nékterych pripadech bylo pristoupeno
k vyztuZeni vyrubu pomoci ocelovych piihradovych ramu
(BRETEX). Metoda razby Drill&Blast byla tak ve vysledku
nahrazena pro tyto podminky vhodnéjsi NRTM, aplikovanou
do mistnich podminek, a to v celkové délce 640 m raZeb.
V tomto useku tunelu tak razby probihaly ve zkracenych dél-

NORDFJORDUR TUNNEL

The excavation of the Nordfjordur tunnel was finished by
a breakthrough celebration at the Eskifjordur portal on 17/09/2015.
This tunnel became the longest Icelandic road tunnel. The total mined
tunnel length of 7566m was divided by the design into the 4540m
long section driven from the Eskifjordur portal and the 4540m long
section driven from the Fannardalur portal. The common tunnel pro-
file can be categorised according to Norwegian standards as T8. This
profile type is sufficient for two traffic lanes 3m wide each in terms
of the theoretical size of the excavated cross-sectional area of 54.7m?.
In the locations of safety lay-bys or breakdown bays, the excavated
cross-sectional area is increased up to 77.3m2. According to Icelandic
regulations these bays must be realised at intervals of 530 lineal met-
res of the tunnel. The total of 14 bays was excavated throughout the
whole tunnel route length. Some of them were realised with additio-
nal side stubs required for equipment chambers necessary for the
future tunnel operation. The anticipated maximum traffic flow volu-
me amounts to 500-600 cars per day.

The balance of the excavated rock in proportion to the volume
of rock designed for backfill is nearly zero. The muck will be used
for the construction of about Skm of new roads leading to the tun-
nel and for backfilling in the urban area of Eskifjordur during the
forthcoming project phase.

Excavation advance rates

Tunnelling from the Eskifjordur portal commenced in November
2013. The commencement of tunnelling from the Fannardalur portal
followed in March 2014. Average weekly advance rates from the
Fannardalur and Eskifjordur portals were 53.3m and 49.2m, respec-
tively; daily advance rates following from the weekly rate amount to
8.9m and 8.2m, respectively. The majority of the tunnel length was
driven uphill at — 3%. The last 600m long section from the
Fannardalur portal was driven downhill at — 1.5%.

Geological conditions

The excavation proceeded mainly through igneous basalt rock with
tuffaceous and pyroclastic interbeds. The thickness of these layers of
mostly significantly incoherent rock and sandstone reached up to 8m.
They substantially reduced the excavation advance rates (see Fig. 1).
In some cases we proceeded to support the excavation with steel lat-
tice girders (BRETEX). The Drill&Blast tunnelling method was in
the result replaced by the NATM, which is more suitable for these
conditions. It was applied to local conditions at the total excavation
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Obr. 1 Nordfjorour — nesoudriné vulkanosedimentdrni horniny
Fig. 1 Nordfjorour — incoherent volcano sedimentary rock types

kéch nakroCeni se zna&né zesilenym osténim. Velky duraz byl
také kladen na podrobny geotechnicky monitoring. Mezilehlé
vrstvy zaroven zamezuji pronikdni vody do vyrubu a funguji
tak jako izolant. Nékolik mésicu po dokonleni razeb je celko-
vy meéfeny pritok méné nez 6 /s, tj. cca 5,5 1/min/100 m.
Maximdlni doCasny pfitok vody z predvrta v Zddném pripadé
nepresdhl 300 1/min a béhem razeb nebylo ani v jediném pri-
padé pristoupeno k utésnujicim injektdzim.

V nejvyssim misté nadlozi dosahuje témér 900 m. I pres
délku tunelu nebyla vybudovdna tnikovd Stola ¢i vertikdlni
Sachta, kterd by byla vzhledem k vysce nadlozi a horninovému
prostredi pouze obtizné realizovatelna. Vzhledem k vysokému

length of 640m. In this tunnel section the excavation proceeded with
reduced excavation round lengths and substantially increased-thick-
ness of the lining. Great stress was in addition placed on detailed geo-
technical monitoring. The intermediate layers at the same time pre-
vent the intrusion of water to the excavation and function in this way
as an insulator. The total inflow measured for several months after
the completion of the excavation is smaller than 6L/s, ie. ca
5.5L/min/100m. The maximum temporary inflow of water from
holes bored into the advance core in no case exceeded 300L/min and
sealing grouting was never necessary during the excavation.

The maximum overburden height reaches nearly 900m. Despite
the tunnel length, no escape gallery or vertical shaft was carried
out. The shaft would be difficult to realise with respect to the high
overburden. With respect to the high overburden slighter manifes-
tations of rock pressure were observed during the excavation in
areas with the overburden higher than 500m. Degradation of walls
formed by scoriae (volcanic rock with small density, originating
on contact of lava with the surface) was encountered. In addition,
intense manifestations of rock pressure were registered in the area
of the intrusion of magma into original rock layers. Gradual rele-
asing of energy accompanied by strong crackling with rock burs-
ting up to the distance of 40cm from the excavated surface was
registered in the particular area. The measurements of deformati-
ons in the areas of the occurrence of sedimentary layers of vari-
ous types and in fault zones were carried out using a laser scanner
and a tape extensometer. It was easy to determine the extent of the
excavation deformation on the basis of the laser scanner outputs.
The extent of the deformation of the primary lining of the tunnel
driven through sedimentary rock can be seen in Fig. 2.
Convergences up to 16cm were measured at the bottom of the
right-hand excavation wall.

pohled ve sméru razby / view in direction of advance

metr tunelu / tunnelmetre 1 986.7

stani¢eni 4046.7 (vodorovny) / stationing 4046.7 (horizontal)

staniceni 4047.594 (prostorovy) / stationing 4047.594 (spatial)

cm

Obr. 2 Nordfjordur — vystup z laserskeneru o prubéhu deformaci osténi

Fig. 2 Nordfjorour — laser scanner output on the development of the lining deformations




nadlozi byly béhem raZeb pozorovény slabsi projevy horské-
ho tlaku v oblastech s nadloZzim vyS$§im nez 500 m.
Dochazelo zde k degradaci stén tvorenych scorif (vulkanicka
hornina s malou hustotou, vznikajici na kontaktu lavy s po-
vrchem). Ddle byly zaznamendny silné projevy horského
tlaku v oblasti intruze magmatu do puvodnich horninovych
vrstev. V dané oblasti bylo béhem razby zaznamendno po-
stupné uvolnovdni energie doprovdzené silnym praskdnim
s odpryskem hornin do vzddlenosti aZ 40 cm od vyrubu.
Meéfeni deformaci v oblastech vyskyta sedimentéarnich vrstev
ruznych typa a v poruchovych zénéch se realizovalo za po-
moci laserového skeneru a pasmového extenzometru. Na
zdkladé vystupu z laserového skeneru bylo snadné stanovit
rozsah deformace vyrubu. Na obr. 2 je mozné vidét rozsah
deformace primarni vyztuZe tunelu raZeného v sedimen-
tarnich horninach, kde v paté pravé stény vyrubu byly name-
feny konvergence az 16 cm.

Zajisténi vyrubu

Primdrn{ zajisténi vyrubu se provddélo pomoci svornikové
vyztuZe a stiikanych betonu s rozptylenou vyztuzi v tloustce
40-60 mm. Veskeré provadéné strikané betony musely splno-
vat mimo jiné pozadavky na energetickou pohltivost E700
a pevnost v prostém tlaku 26 MPa. Definitivni vyztuZeni tune-
lu, které tvori dal3i vrstva stiikanych betonu v tl. 40-180 mm
a pripadné zahusténi rastru svornikové vyztuZe, bylo provede-
no az po ukonceni razeb. Svornikovd vyztuz slouzici
k primdrnimu zajiSténi vyrubu byla uvazovana také jako sou-
¢ast definitivniho vystrojenf dila, a proto byly vSechny svorni-
ky opatfeny ochrannou vrstvou zinku a epoxidového nétéru.
V prubéhu razeb se pouzivaly prevdZzné mechanicky upinané
svorniky typu CT-bolt a svorniky typu SN aktivované po 24
hodindch v poméru zhruba 70/30. Ve zhorSenych geologickych
podminkdch se k zajisténi stability vyrubu pouzivaly také
samozdvrtné kotvy typu IBO a kari sité. Navrh vyztuZeni dila
se provadél pro kazdy zdbér na zdkladé klasifikace
Q-systému. Procentudlni zastoupeni indexu Q hodnot zastizZe-
nych v trase tunelu je uvedeno v tab. 1.

Dokoné&ovaci prace

V dobé psani tohoto ¢lanku probihaly betonaZe hloubenych
dseku. Tyto vnéjsi Zelezobetonové kontrukce budou po svém
dokon&eni dosahovat délky pres 300 m. Hlavnim duvodem pro
tak dlouhé hloubené tiseky je nutnost zajisténi protilavinového
opatreni, a to prevazné u portdlu Fannardalur.

Dal§imi, na raZzbu navazujicimi pracemi, kromé zminova-
nych cca pét kilometra vné€j$ich komunikaci, je instalace tune-
lovych izolaci proti prisakim podzemnich vod a promrzdni.
Po dokonceni definitivni vyztuze byla v trase tunelu dozorem

Tab. 1 Hodnoty indexu Q zastiZené v trase tunelu
Table 1 Q values encountered along the tunnel route
zastizena geologie

hodnoty indexu @ % zastoupeni

dle indexu Q Q values % percentage
geology encountered

according to the Q

extrémné Spatna 0,01 -0,1 1,5
extremely bad 0.01-0.1 15
velmi Spatna 0,1-1 8,9
very bed 0.1-1 8.9
Spatna 1-4 57,8
bad 1-4 57.8
dostateéna 4-10 30,7
sufficient 4-10 30.7
dobra 10-40 1,1
good 10 - 40 1.1
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Excavation support

The primary excavation support consisted of rock bolts and a 40-
60mm thick layer of fibre reinforced shotcrete. All sprayed conc-
rete had to meet, among others, requirements for energy absorpti-
on capacity E700 and unconfined compressive strength of 26MPa.
The final tunnel excavation support consisting of another layer of
shotcrete 40-180mm thick and the contingent densification of the
grid of rockbolt support was carried out after the completion of the
excavation. The rockbolt support used as the primary excavation
support was in addition taken into account as a part of the final
lining. For that reason all rock bolts were provided with
a protective layer of zinc and epoxy coating. Mechanically expan-
ded CT-type rock bolts and SN-type rock bolts activated after 24
hours were used during the excavation operations at the proporti-
on approximately 70/30. In worsened geological conditions even
self-drilling IBO anchors and KARI welded mesh were used for
stabilising the excavation. The proposal for the excavation support
was prepared for each excavation round on the basis of the Q-sys-
tem classification. The representation percentage of individual
values encountered along the tunnel route is presented in Table 1.

Finishing work

At the moment concrete casting operations are underway in the
cut-and-cover sections. The length of these external reinforced
concrete structures will exceed 300m after their completion. The
main reason for such the long cut-and-cover sections is the neces-
sity for the implementation of an avalanche protection measure,
mostly at the Fannardalur portal.

Other subsequent work operation, apart from the above-mentio-
ned ca 5km of external roads, is the installation of tunnel insulati-
on against groundwater seepage and frost penetration. Locations
for these insulations were specified by client’s supervising engine-
er after the completion of the final excavation support. They will
be carried out by means of suspended polyethylene membranes
and pads with the application of a layer of shotcrete on them. With
respect to the above-mentioned relatively small amount of pene-
trating water and the length of the cut-and-cover sections, the total
area of these locations amounts to less than 30,000m?2. This area
represents approximately 22% of the total area of the excavation
surface.

Summary - Nordfjérdur

According to the so far achieved work progress, it is very likely
that all work will be finished by September 2017. This term also cor-
responds to client’s requirements for opening the tunnel to traffic.

VEITASTROND TUNNEL

In 2014, Division 5 of Metrostav a.s. was awarded the first tun-
nelling contract in Norway. After projects in Iceland and Finland it
was an entry to another Scandinavian market.

The complex of avalanche protection measures along the road
No. 337 between the municipalities of Hafslo and Veitastrond is
part of the effort to improve the transport accessibility of the villa-
ge of Veitastrond with the population of about 130. Sliding of snow
avalanches regularly closes this only access road. In addition, this
ca 27km long road is threatened during the remaining part of the
year in several locations by falling boulders and collapsing adja-
cent rock walls (see Fig. 3). A great part of the road leads on a rock
slope rising from a lake and reaching the altitude of up to 1300m
above the water surface level. The road is used by Veitastrond resi-
dents all year round and is frequently used by cottagers and tourists
in summer months. It ends at the end of the valley in a national
park near the Jostedalsbreen glacier.

Basic information on the project

The project modifies two sections of the 2.5km long road. In the
Bjgrnebakkane section, a diversion of the road from the lake to
a 1.56km long tunnel is proposed for the length of 1.8km. In the
Lindeskreda section, in the location of frequent avalanches, an
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stavby urCena mista pro tyto izolace. Ty budou realizovany
pomoci zavéSenych polyethylenovych membrdn a matraci
s vrstvou stifkaného betonu. Vzhledem k vySe zminovanému
relativné malému mnozstvi pronikajici vody a dlouhym hlou-
benym tsekum dosahuje celkovd vyméra téchto mist necelych
30 000 m2. Tato vyméra piedstavuje zhruba 22 % celkové plo-
chy vyrubu.
Shrnuti — Nordfjordur

Podle dosavadniho postupu praci je velmi pravdépodobné,
ze veskeré prace budou dokonceny do zari 2017. Tento termin
také odpovidd pozadavkim zadavatele na uvedeni tunelu do
provozu.

TUNEL VEITASTROND

V roce 2014 ziskala Divize 5 Metrostavu a.s. prvni tuneldr-
skou zakdzku v Norsku. Po stavbach na Islandé a ve Finsku to
byl vstup na dalsi skandindvsky trh.

Soubor protilavinovych opatreni na silnici ¢. 337 mezi obce-
mi Hafslo a Veitastrond je soucdsti snahy o zlepSeni dopravni
dostupnosti obce Veitastrond s poctem asi 130 obyvatel.
Sesuvy snéhovych lavin pravidelné uzaviraji tuto jedinou pri-
jezdovou komunikaci. Navic po zbytek roku je tato cca 27kilo-
metrové cesta ohroZovdna na nékolika mistech i pddy balvana
a ficenim prilehlych skalnich stén (obr. 3). Z velké Cdsti vede
silnice po uboc¢i skalniho svahu vystupujictho z jezera
a dosahujictho vysky az 1300 metra nad hladinou. Silnici vyu-
Zivaji celoro¢né obyvatelé Veitastrondu a v letnich mésicich je
frekventované pouZivédna chatafi a turisty. Na konci ddoli sil-
nice konc¢i v ndrodnim parku u ledovce Jostedalsbreen.

Zakladni informace o projektu

Vystavba upravuje 2,5 km komunikace ve dvou tsecich.
V tseku Bjgrnebakkane je v délce 1,8 km navrzeno odklonéni
silnice od jezera do 1,56 km dlouhého tunelu. V useku
Lindeskreda, v miste ¢astého padu snéhovych lavin, je navrzen
protilavinovy val délky cca 300 m a prelozka silnice délky
580 m na nové roz§ifeny nasep do ledovcového jezera
Veitastrondvatnet. Soucdsti stavby jsou dale technologickd
centra v tunelu, napojeni priportdlovych Casti na stdvajici
komunikaci, ptistupovd cesta k protilavinovému valu a mimo
zasmluvnény objem praci Metrostavu a.s. i technologické
vybaveni. Stavbu realizuje sdruzeni ,,JV Metrostav Havnen®,
které je tvoreno spoleCnostmi Metrostav  NUF a Havnen
Anlegg AS. Investorem je norskd spolecnost pro spravu cest
Statens Vegvesen, obdoba ceského RSD. Sou&ésti dodavky
investora je i projektova dokumentace. Smluvni vztahy se fidi
standardizovanou norskou normou NS 8406:2009 a zv1aStnimi
smluvnimi podminkami.

Tunel je navrzeny ve dvou zdkladnich profilech, ze severni
strany zacind jako dvoupruhovy, profilu T8.,5 s teoretickou
plochou vyrubu 68,7 m2. Po 500 metrech se tunel zuZuje do
jednopruhového profilu T5,5 s teoretickou plochou vyrubu
45,1 m?2, s klesdnim aZ k jiznimu portédlu. V tunelu jsou celkem
Ctyti nouzové zdlivy o Cisté délce 30 m s ndbéhy v obou sme-
rech. Nejvétsi plochou profilu celého dila je tedy nouzovy
z4liv T13,5 — 94,6 m?. Ve dvou zélivech nejbliZe portdlum jsou
kolmo na osu tunelu vyrazeny technické komory o délce 18 m
a profilu T8,5. V jednom ze stiednich zdlivu je umisténa
komora pro nouzové otaceni vozidel.

V oblasti vystavby protilavinového valu byla v prvnim
kroku prelozena existujici komunikace. Pro tyto dcely bylo
nejprve nutné roz§ifit brfeh zasypanim Cdsti jezera
a vytvorenim tak télesa komunikace (obr. 4). Zasyp jezera pro-
bihal ze brehu ukldddnim materidlu vyvezeného z tunelu.
Nejprve byly provedeny trhaci prace pod hladinou vody pomo-
ci tzv. Aurlandské metody. Prakticky §lo o maly clonovy odpal,
ktery uvolnil pfedem nasypany pol§tar z hrubého $térku. Ten

Obr. 3 Veitastrond — proudovy horninovy sesuv
Fig. 3 Veitastrond — flow-type ground slide

about 300m long avalanche protection embankment and the 580m
long relocation of the road to the embankment newly widened to
Veitastrondvatnet glacier lake are designed. Parts of the project
are, in addition, technology centres in the tunnel, connections of
pre-portal parts to the existing road, an access road to the avalan-
che protection embankment and, outside the amount of work con-
tracted by Metrostav a.s., even the tunnel equipment. The project
is being realised by the “JV Metrostav Havnen” consortium for-
med by Metrostav NUF and Havnen Anlegg AS. The client is
Statens Vegvesen, a Norwegian road administration company, an
analogy to the Czech Road and Motorway Directorate. The design
documentation is part of client’s supply. Contractual relationships
are governed by a standardised Norwegian standard NS 8406:2009
and special technical specifications.

The tunnel is designed in two basic profiles; from the northern
side it starts with the T8.5 double-lane profile with the theoreti-
cal excavated cross-sectional area of 68.7m?2. After 500m the tun-
nel width is reduced to the T5.5 single-lane profile with the the-
oretical excavated cross-sectional area of 45.1m?2, declining down
up to the southern portal. There are four emergency parking lay-
bys with the aggregate length of 30m and with tapers in both
directions in the tunnel. The cross-sectional area of the T13.5
emergency parking bay of 94.6m? is therefore the largest cross-
sectional area in the whole tunnel. The excavation of the 18m
long T8.5-profile technical chambers has been finished in the two
lay-bys located closest to the portals. An emergency u-turn bay is
in one of the middle lay-bys.

The existing road was diverted in the first step of the constructi-
on of the avalanche protection embankment. For this purposes it
was first necessary to enlarge the width of the lake bank by filling
a part of the lake with muck, thus creating the road bed (see Fig. 4).
The filling proceeded from the bank by depositing the muck tran-
sported from the tunnel. Blasting under the water surface using the
so-called Aurland method was carried out in the first step. It was
practically a small bench blasting which relieved a coarse gravel
cushion carried out in advance. The cushion slipped deeper to the
lake and ripped organic deposits and sludge off. The volumes of the
main work operations are summarised in Table 2.

Geological conditions

The construction site is located in an area of a strong granite
massif with the sporadic occurrence of granodiorite with the
strength of 275MPa. The entire tunnel route runs under the hill-
side with the maximum overburden height reaching 220m. Three
main fault zones were expected along the tunnel route. However,
their locations were not confirmed and the passage through
a worsened quality massif proceeded without preprevious indica-
tion. Nor the predicted occurrence of fissure rivers in these fault



Tab. 2 Objemy hlavnich praci
Table 2 Volumes of the main work operations

trhaci prace v tunelu / blasting inside the tunnel 104 000 m3
trhaci prace na povrchu / blasting on the surface 23 000 m?
zasyp jezera / filling of the lake 53 000 m®
protilavinovy val / avalanche protection embankment 115 000 m®
obklad protilavinového valu

avalanche protection embankment cladding 3850 m?
izolace proti vodé v tunelu / tunnel waterproofing 32 500 m?
pfeloZeni vedeni VN / relocation of a high-voltage line 650 m

se sesul hloubgji do jezera, a tak doslo ke strzeni organickych
usazenin a kald. Objemy hlavnich praci jsou sumarizovany
v tab. 2.

Geologické poméry

Staveni$té se nachdzi v oblasti pevného Zulového masivu
s ojedin€lym vyskytem granodioritu s pevnosti az 275 MPa.
Cela trasa tunelu prochdzi podél iboci svahu s max. nadloZim
dosahujicim 220 m. V trase tunelu byly oCekdvany tfi hlavni
poruchové zony. Jejich polohy se vSak nepotvrdily a k pru-
chodu masivem zhorSené kvality dochédzelo bez predeslé indi-
kace. Také predikovany vyskyt zvySenych pritoki podzemn{
vody se v téchto poruchovych zénach nepotvrdil a razby se
obesly bez pouziti injektdZe. Nékolik systému diskontinuit
s Castymi vyplnémi jilu zpisobovalo problémy s vrtacimi pra-
cemi a s nabijenim pro odpal. Komunikace mezi jednotlivymi
vrty, ale i iplné ztrdceni vodniho vyplachu byly velmi ¢astym
jevem.

Razba tunelu metodou Drill & Blast

RaZba tunelu probihala metodou Drill & Blast od srpna 2014
do listopadu 2015 s Sestimési¢ni planovanou zimni prestav-
kou. Zakladem bylo pouziti trhacich praci s milisekundovym
neelektrickym roznétem s béZnou délkou zdbéru 5 m. Pouziti
Cerpanych emulznich trhavin bylo samozrejmosti. V mistech
s vyrazné¢ zhorSenou geologii byl volen zkrdceny zabér cca
2.5 m.

VytéZeni a odvoz rubaniny probihaly klasickym zptusobem
pomoci 4- a 6kolovych dumpert za pouZiti ¢elniho kolové-
ho nakladace se lzici s bo¢nim vyklopem. I pres stisnéné
podminky profilu T5,5 bylo naklddédni rubaniny provddéno
piimo na Celbé bez vyuZiti naklddacich vyklenku. Strojni
a ndsledné ru¢ni zaci$téni vyrubu se v zastizené geologii
projevilo jako stéZejni operace nutnd pro bezpecné provade-
ni dal$iho kroku. Ke svornikovani se v prevazné vétsiné pou-
zivaly mechanicky upinané svorniky, ndsledné injektované
cementovou maltou.

V zavislosti na geologickych podminkdch byl na zaji§tén{
vyrubu pouzivan stfikany beton s rozptylenou vyztuzi
z ocelovych vldken ve dvou tfidach energetické pohltivosti
E700 a E1000. Tloustka stfikaného betonu se podle zastiZené
geologie pohybovala mezi 8 a 25 cm.

Ve zhorSenych geologickych podminkéch se pouZzivaji i dalsi
zajistovaci prvky jako predem hnané jehly a pro Norsko speci-
fické skaln{ pasy (obr. 5). V kombinaci se svorniky slouZzi skal-
ni pasy k zajisténi volného konce jehel.

Veskeré prace na razbé tunelu provadél Metrostav a.s.,
Divize 5, vlastnimi kapacitami.

Stav praci

V soucasné dobé (leden 2016) probihaji v tunelu prace na
¢isténi dna tunelu, montézi trvalé drendze a izolaci proti vodé
a mrazu (obr. 6). Ta byla v duasledku zvodnén{ vyrubu investo-
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Obr. 4 Veitastrond — optimalizace komunikace a protilavinovy val
Fig. 4 Veitastrond — optimisation of the road and the avalanche protection
embankment

zones was confirmed and the excavation did not require injecting
grout into the ground. Several discontinuity systems with frequent
filling with clay caused problems with drilling and charging holes
for firing. Communication between individual boreholes, even
complete loss of water flush was a very frequent phenomenon.

Tunnel excavation using the Drill & Blast method

The tunnel excavation using the Drill & Blast method proceeded
from August 2014 to November 2015, with a planned six-month
winter break. It was based on the application of blasting with mil-
lisecond non-electric firing, with the common excavation round
length of 5Sm. The use of pumped emulsion explosives was
a commonplace. A reduced-length excavation advance round of ca
2.5m was chosen in locations with worsened geology.

Muck was loaded and transported out classically using 4- and 6-
wheeled dumpers and a wheeled front-end loader with a side tip-
ping dump bucket. Despite the restricted conditions of the T5.5
profile, muck was loaded directly at the heading, without the
necessity for loading recesses. Mechanical and subsequent manual
scaling of the excavation showed itself to be the critical operation
necessary for safe execution of the next step. Rock bolts with
mechanically expanded ends, subsequently injected with cement
grout, were mostly used.

Two energy absorption classes E700 and E1000 were applied to
the steel fibre reinforced shotcrete used for the excavation support,
depending on geological conditions. The thickness of shotcrete
varied between 8 and 25c¢m, depending on the geology encountered.

Even other support elements, such as forepoling and rock strips
specific for Norway (see Fig. 5) are used in worsened geological
conditions. The rock strips in combination with rock bolts serve to
stabilise the loose ends of spiles.

All the work on the tunnel excavation was carried out by
Division 5 of Metrostav a.s. own capacities.

Works state

At the moment (January 2016) the tunnel bottom is being clea-
ned, permanent drainage is being installed and waterproofing and
frost penetration insulation is being applied (see Fig. 6). The extent
of the waterproofing and the frost penetration insulation was inc-
reased by the client from original ca 60% to 100% of the tunnel
excavation surface. In the Lindeskreda area, the road diversion and
the construction of the avalanche protection embankment is befo-
re completion. Unfortunately, due to a mistake made by the project
owner in the calculation for the volume of muck and due to higher
consumption of material for filling the lake, the avalanche protec-
tion embankment will probably remain unfinished. The current
milestone for handing the tunnel over for the installation of the
equipment and electrical services is the beginning of April 2016.
External reinforced concrete portals will be carried out and the
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Obr. 5 Veitastrond — skalni pdsy pred zastiikdnim betonem
Fig. 5 Veitastrond — rock strips before covering them with shotcrete

rem navySena z puvodnich cca 60 % na 100 % povrchu tune-
lu. V oblasti Lindeskreda je dokoncena prelozka komunikace
a stavba protilavinového valu je pred dokoncenim. Bohuzel
chybou zadavatele v kalkulaci objemu rubaniny a vlivem vetsi
spotieby materidlu na zdsyp jezera nebude nejspis protilavino-
vy val dokonéen. Aktudlni milnik pro predani tunelu pro mon-
tdz technologie a elektro je zacatek dubna 2016. Nasledné
povrch komunikace. Termin uvedeni celého dila do provozu je
zari 2016.

Shrnuti - Veitastrond

V roce 2014 zacal Metrostav a.s. ve sdruZeni s mistni firmou
Havnen Anlegg AS budovat soubor protilavinovych opatieni
na silnici ¢. 337 v Norsku. V dobé psani ¢lanku jsou dspésné
dokonceny razby a probihaji dokoncovaci prace.

TUNEL JOBERG

V roce 2015 zahdjil Metrostav a.s., jako svij druhy tunelovy
projekt v Norsku vystavbu tunelu Joberg s celkovou délkou
razeb 2040 m. Tento projekt je realizovan za tcelem optimali-
zace silnice Rv. 13 v ¢asti pod vrchem Joberget. Metrostav
a.s. buduje tento projekt ve sdruzeni s mistnim partnerem, spo-
le¢nosti Bertelsen & Garpestad.

Stavajici komunikace Rv. 13 je vedena na brehu jezera
Granvinsvatnet pod skalni sténou, kterd je znacné navétrald
a dochdzi zde k Castym skalnim ficenim. Projekt je soucdsti
celkové optimalizace dopravni tepny z Bergenu do Osla pod
nazvem Prosjekt Vossapakko.

Tunel se sklddd z 1950 m dlouhé C&dsti raZzené metodou
Drill&Blast, 90 m razby vyuZitim principt NRTM a cca
1100 m vnéjSich cest na povrchu. Teoreticky profil vyrubu
tunelu T9.,5 je 70,43 mZ2. V tunelu se nachdzeji 4 nouzové zali-
vy v profilu vyrubu T13,5 s 93,97 m?. Dva z téchto zdlivu
obsahuji technické komory, které jsou kolmé na osu tunelu
v délkach 23,5 m.

Smérové a sklonové poméry razeb

Razby budou, vzhledem k velmi krdtké dobé realizace
vyplyvajici z pozadavkl investora, vedeny z obou portald.
Razby ze zdpadu byly zahdjeny ke konci fijna 2015 a doposud
probihaly dovrchné se sklonem 1,1 % do tfetiny délky tunelu,
kde se nachdzi vyskovy lom trasy v urovni 42,57 m n. m. Trasa
tunelu nasledné klesa k vychodu pod stejnym sklonem. Pri¢ny
ndklon tunelu je 3-8 %. Zahdjeni raZzeb z vychodniho portalu
bylo pldnované na dnor 2016 a kromé vySe zminénych 90 m
razeb pomoci principt NRTM se ocekdvd dalSich zhruba
300 m metodou Drill&Blast.

road surface will be laid subsequently. The deadline for bringing
the whole working into service is September 2016.

summary - Veitastrond

In 2014, Metrostav a.s., in consortium with a local company
Havnen Anlegg AS, started to implement a complex of avalanche
protection measures on the road No. 337 in Norway. The tunnel
excavation is currently successfully complet and the finishing
work is underway.

JOBERG TUNNEL

In 2015, Metrostav a.s. commenced the construction of the
Joberg tunnel with the total length of 2040m as the second tunnel
construction project in Norway. This project is realised for the pur-
pose of optimising the Rv. 13 road in the part under Joberg Hill.
Metrostav a.s. realises this project in a consortium with a local
partner, the company of Bertelsen & Garpestad.

The existing Rv. 13 road lies on the bank of Granvinsvatnet lake,
under a significantly weathered rock wall where rock falls are
quite a frequent phenomenon. The project is part of the overall
optimisation of the thoroughfare from Bergen to Oslo named
Prosjekt Vossapakko.

The tunnel consists of a 1950m long part driven using the
Drill&Blast method, 90m long part driven using the NATM prin-
ciple and ca 1100m of external at-grade roads. The theoretical exca-
vated cross-sectional area of the T9.5 tunnel is 70.43m?2. There are
4 emergency parking bays in the T13.5 tunnel profile (excavated
cross-sectional area of 93.97m?). Two of these bays contain 23.5m
long technology chambers perpendicular to the tunnel axis

Horizontal and vertical alignment of the excavation

With respect to the very short realisation period following from
client’s requirements, the tunnel will be driven from both portals.
Tunnelling from the west commenced at the end of October 2015.
Till now it has proceeded uphill at the gradient of 1.1% up to one
third of the tunnel length, where a break in the elevation is located
at the altitude of 42.57m a.s.l. The tunnel alignment subsequently
descends east on a uniform gradient. The transverse tilt of the tun-
nel is 3-8%. The commencement of the excavation from the eas-
tern portal was planned for February 2016 and, apart from the
above-mentioned 90m of excavation using the NATM principles,
additional 300m is expected to be driven using the Drill&Blast
method.

The horizontal alignment of the tunnel leads from the west to the
east, first straight and subsequently on directional curves with the
radii R=2000m and R=8000m.

Geological conditions in the area of operations
and the excavation from the western portal

The western portal is designed to be in a rock wall. During the
current course of the excavation from the west, 375m of the tunnel
excavation were completed as of the end of January. The excavati-
on advance rate was to a certain degree affected by very small
advance rates in the initial thirty metres. In this part of the tunnel
the client required excavation with the support with in-situ realised
Norwegian frames with length of excavation rounds reduced to
2-3.5m (i.e. reinforcement bars bent in advance, anchored to the
excavation surface with rock bolts and covered with a shotcrete
layer). The main reason for this measure lied in low overburden
and significant fracturing of the rock mass. Relatively compact
quartziferous rock mass, fine-graded, grey to dark-grey, moderate-
ly aligned and thinly bedded, categorised as gneiss with the uncon-
fined compressive strength of 150-300MPa.

Three main systems of discontinuity surfaces marked D1, D2
and D3 have been documented on the tunnel route till now. The
most marked discontinuities are discontinuities D1 dipping stee-
ply approximately to the west (260°-290°/70°-90°). Because the
current excavation proceeds approximately east, the discontinuity
surfaces D1 are oriented unfavourably for the excavation. The



Obr. 6 Veitastrond - instalace izolaci proti vodé a promrzdni
Fig. 6 Veitastrond — installation of insulation against water seepage and frost
penetration

Smeérove je tunel veden od zdpadu k vychodu nejprve v pri-
mé linii a nasledné ve smérovych obloucich o polomérech
R=2000 m a R=8000 m.

Geologické poméry zajmového lizemi a razba
ze zapadniho portalu

Zépadni portdl je situovan do skalni stény. V dosavadnim pra-
béhu razeb ze zdpadu bylo ke konci ledna vyraZzeno 375 m.
Razby byly do jisté miry ovlivnény velmi pomalymi postupy
v prvnich tficeti metrech. V této ¢dsti tunelu investor vyZzadoval
raZbu s podporou norskych in-situ realizovanych rdma se zkra-
cenou délkou nakroceni v délkach 2-3,5 m (tj. predohyband pru-
tova vyztuz zakotvend svorniky do vyrubu s naslednym prekry-
tim vrstvou stifkaného betonu). Hlavnim divodem k tomu bylo
nizké nadloZzi a zna¢nd rozpukanost horninového masivu.
V dalsi doposud vyrazené Casti tunelu byly zastiZzeny relativné
kompaktni prokfemenélé skalni horniny — pevné, jemnozrnné,
Sedé az tmavé Sedé barvy, mirné usmérnéné a tence vrstevnaté,
zatridéné jako rula s pevnosti v prostém tlaku 150-300 MPa.

V trase tunelu byly do této chvile dokumentovdany tfi hlavni
systémy ploch nespojitosti oznacené D1, D2 a D3. Nejvy-
raznéjsi jsou diskontinuity D1 sklonu strmé cca k zdpadu
(260°-290°/70°-90°). JelikoZ prozatim razba probihd pfiblizné
smérem k vychodu, jsou plochy nespojitosti D1 vici razbé
nepriznivé orientovany. Dochazi po nich k oddélen{ horniny ve
vertikdlnim sméru, na Celbé jsou patrné Cetné ohlazy systému
D1. Dalsi systém puklin D2 ma orientaci sklonu strmé cca k jihu
(180°-210°/70°-80°). Posledni vyrazny systém diskontinuit je
subhorizontdlni se sklonem cca 5°-15° smérem k vychodu
(80°-100°/5°~15°). Pukliny jsou misty s vyplni oxida Fe, Mn.

Vyrub byl doposud v prubéhu razby prevazné suchy. Pouze
v priportdlové Cdsti byly dokumentovany soustiedéné pritoky
povrchové vody do razeného dila z pristropi. Vydatnost téchto
pritoku je do 0,01 1/s.

Neposlednim problémem, ktery muZe nastat, je moZnost
vyskytu horninovych tlaka vlivem vysokého nadloZi. Vrcholky
horského masivu, v jehoZ tibo¢i je tunel situovan, dosahuji seve-
rovychodné od tunelu az 900 metru nad motrem. Nadmorskd
vyska trasy tunelu se pritom pohybuje jen kolem 40 m n. m.
Zprava z geologického pruzkumu konstatuje, Ze vyskyt horni-
novych tlaki je mozny a7 ve dvou tretindch trasy tunelu.

Problémy s tunelovanim v morénovych sedimentech
Vyrazné nepriznivéjsi je geologickd situace na vychodnim
portdlu, ktery je situovan do oblasti morény. V dobé psani pris-
pévku stéle probihaji prace na prohlubovani a vystrojovani zédre-
zu (obr. 7). Pfi hloubeni jamy byly dokumentovany rozdilné
typy zemin. Zastoupeny byly predev$im jemnozrnné zeminy
(hliny + jily) s ¢etnym vyskytem kamenu (prumér do 30 cm).
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rock mass is split along them vertically and numerous slickensi-
des are visible on the discontinuity surfaces of the D1 system at
the excavation face. The next system of fissures D2 dips steeply
approximately to the south (180°-210°/70°-80°). The last marked
system of discontinuities is sub-horizontal, dipping at approxima-
tely 5°—15° to the east (80°—~100°/5°-15°). Fissures are locally fil-
led with Fe and Mn oxides.

The excavated opening has so far been mostly dry. It was only in
the portal part that concentrated inflows of surface water from the
top heading to the excavated opening were documented. The inflow
yield is up to 0.01L/s.

Another problem which can be faced is the possibility of encoun-
tering rock pressures due to high overburden. The peaks of the mas-
sif under the mountainside under which the tunnel is located reach
in the north-east the altitude up to 900m above sea level. The tun-
nel route altitude is around 40m a.s.l. The report from the geologi-
cal survey states that the occurrence of rock pressures is possible
along up to two thirds of the tunnel route.

Tunnelling problems in moraine sediments

Markedly more unfavourable geological situation exists at the
eastern portal, which is located in a moraine area. As of today, the
work on deepening and supporting the cutting is still underway (see
Fig. 7). Different types of soils were documented during the course
of the construction pit excavation. Fine-grained soils (loams + clays)
with frequent occurrence of boulders (up to 30cm in diameter) were
present most of all. Rock blocks up to 2.5m in diameter were also
found. According to the completed geological survey and according
to current experience from the execution of the construction pit it is
possible to expect that the construction of the initial ca 90m of the
tunnel will be significantly complicated. The tunnelling operations
will encounter a very heterogeneous environment. Fine-grained to
sandy soils with the possibility of gravel lenses will be present. It
can be expected that all of that will be abundantly interspersed with
stones and even boulders (see Fig. 8).

According to the EG survey, the above-mentioned mixed sedi-
ments will be encountered at the beginning of the construction,
covering the entire excavation face. With the excavation procee-
ding, the moraine sediments will gradually recede to the overbur-
den. With respect to this fact it is possible to expect that the disin-
tegration of the heterogeneous face will be problematic. The bed-
rock formed by metamorphic rock types (gneiss and phylite are
described) will begin to appear first in the bench and later also in
the top heading. According to the longitudinal section, hard rock
will cover the whole tunnel cross-section about 80m from the por-
tal. The transition from the NATM to the Drill&Blast method is
expected at the distance of ca 90m from the portal.

Obr. 7 Joberg — vrtny vuz v zdrezu pred vrtdnim mikropilotového destniku
Fig. 7 Joberg - drilling rig in the cutting before drilling for the canopy tube
pre-support
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Pritomny byly rovnéZ balvany (prumér az 2,5 m). Podle prove-
deného geologického prizkumu a podle dosavadnich zkuSenosti
z vystavby jamy lze predpoklddat, Ze vystavba prvnich cca 90 m
tunelu bude zna¢né komplikovand. Razbami bude v tomto dseku
zastizeno velmi heterogenni prostredi. Zastoupeny budou zemi-
ny jemnozrnné az pis¢ité s moznosti Stérkovych Cocek. Vse bude
hojné prostoupeno kameny a lze oCekdvat i balvany (obr. 8).

Vyse popsané smésné sedimenty se podle inZenyrskogeolo-
gického pruzkumu budou vyskytovat na pocdtku vystavby
v celém profilu Celby. S postupem razby zacnou sedimenty
morény ustupovat do nadlozi. Vzhledem k tomu lze ocekdvat
problematické rozpojovani heterogenni Celby. Skalni podlozi
budované metamorfovanymi horninami (popisovédny jsou ruly
a fylity) se zaCnou objevovat nejprve v opéfi a pozdé€ji i v kalote.
Cca 80 m od portdlu bude podle podélného fezu v celém profi-
lu tunelu jiz skalnf hornina. Ve vzddlenosti cca 90 m od portélu
se ocekdva prechod z principt NRTM na metodu Drill&Blast.

Podzemni voda je v geologickém prizkumu zminéna jen okra-
jové, nicméné pii odtéZzovani portdlu byly zastizeny soustiedéné
pfitoky podzemni vody s intenzitou jednotlivych prament v zd-
vislosti na srazkach. Po délce razeného tunelu je v oblasti morény
vybudovéna sit’ péti studni pro snizovani hladiny podzemni vody.
Pro odvodnéni predpoli Celby budou realizovany systematicky
odvodnovaci vrty. Zérez je monitorovén vertikdlnimi inklinomet-
ry, tlakovymi poduskami a siti konvergencnich boda.

Shrnuti - Joberg

K 3. 2. 2016 bylo vyraZzeno necelych 20 % celkové délky
tunelu. Zbyvajici vetsi ¢ast trasy dila s vySe popisovanymi
vyzvami, jako je vysoké nadlozi, nebo razby ledovcovou
morénou, tak budou realizovany teprve v ndsledujicich mési-
cich a autor se jim bude podrobnéji vénovat v samostatném
prispévku.

ZAVER

Podminky pro stavebni ¢innost v severskych stdtech se zdsad-
né odlisuji od podminek v domadacim prostredi. Zatimco
v Ceskych podminkdch, zejména v okoli Prahy se nalézaji ve
veétsi mife horniny mékéi a relativné nizké nadlozi, pro island-
ské i norské tunely jsou typické horniny tvrdé a vySka nadloZi se
méfi ve stovkdch metrti. B€hem razby se Casto zastihuji i zdroje
tlakové vody, mnohdy s vydatnymi pritoky.

Rovnéz tu panuji velmi tvrdé klimatické vlivy s dlouhou
zimou doprovdzenou velkym mnoZstvim snéhovych srazek.

V soucasné dobé jiz lze tici, Ze pracovnici Metrostavu a.s. tuto
nelehkou vyzvu prace v naro¢nych podminkach zvladli a dafi se
jim plnit terminy vystavby.

Islandsky tunel Nordfjordur a norsky tunel Veitastrond jsou
dspésné prorazené. Nyni probihaji dokonCovaci prace. Stavba
dal$iho norského tunelu Joberg je na zacatku realizace.

Spole¢nost Metrostav a.s. aktivné pisobi na severském staveb-
nim trhu s tfiletou prestavkou od roku 2006. Celkové jiZz pomoci
osvojené metody Drill&Blast vyrazila pres 22 km silni¢nich
a Zelezni¢nich tuneld. Kromé Islandu a Norska bylo Metrostavem
a.s. uspésné realizovéno také nékolik projekti ve Finsku.

Ing. ALES GOTHARD, ales.gothard@metrostav.cz,
Ing. PAVEL BURGEL, pavel.burgel@metrostav.cz,
Ing. IVAN PIRSC, ivan.pirsc@metrostav.cz,
Metrostav a.s., Divize 5
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Obr. 8 Joberg — balvany z hloubeni zdrezu v ledovcové moréné
Fig. 8 Joberg — boulders from the excavation of the cutting in the glacier moraine

Groundwater is mentioned in the geological survey only margi-
nally. Nevertheless, concentrated groundwater inflows with the
intensity of individual springs depending on precipitation were
encountered during the excavation at the portal front end.
A network of five wells lowering the water table was established
along the mined tunnel length in the area of the moraine. Drainage
boreholes will be realised for draining the area ahead of the face.
The cutting is monitored by vertical inclinometers, pressure cells
and a network of convergence measurement points.

Summary - Joberg

As of 03/02/2016, nearly 20% of the total length of the tunnel
excavation has been finished. The remaining greater part of the tun-
nel route with the above-mentioned challenges, such as high over-
burden or excavation through the glacier moraine, will be realised
during the coming months and the author will dedicate himself to
them in a separate paper.

CONCLUSION

Conditions for construction work in the Nordic countries funda-
mentally differ from the conditions existing in the domestic envi-
ronment. Whilst we encounter, to a greater extent, weaker rock types
and relatively shallow overburden in Czech conditions and first of
all in the surroundings of Prague, hard rock types and overburden
heights measured in hundreds of metres are typical for Icelandic and
Norwegian tunnels. Even water under pressure, often with substan-
tial inflows, is frequently encountered during tunnel excavation.

In addition, very harsh climatic effects with long winter seasons
accompanied by a large amount of snowfall exist there.

It is currently possible to say that Metrostav a.s. employees have
successfully coped with the challenge of working in the difficult
conditions and managed to fulfil construction deadlines.

The Icelandic Norofjordur and Norwegian Veitastrond tunnels
have been successfully broken through. At the moment the finis-
hing work is underway. The construction of another Norwegian
tunnel, Joberg, is at the beginning of the realisation.

The company of Metrostav a.s. has been active on the Nordic con-
struction market since 2006, with a 3-year interruption. It has finis-
hed the excavation of over 22km of road and railway tunnels using
the Drill&Blast method. Apart from Iceland and Norway, Metrostav
a.s. has successfully completed several projects in Finland.

Ing. ALES GOTHARD, ales.gothard@metrostav.cz,
Ing. PAVEL BURGEL, pavel.burgel@metrostav.cz,
Ing. IVAN PIRSC, ivan.pirsc @metrostav.cz,
Metrostay a.s., Divize 5

MOSLER, J., PAVLOVSKY, V. Zkusenosti z realizace tunelovych staveb v severskych zemich. Tunel, 2/2015
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RAZBA TUNELU EJPOVICE
DRIVING THE EJPOVICE TUNNEL

STEFAN IVOR, PETR HYBSKY, VACLAV ANDEL, KAREL ROSSLER,
MILAN MAJER

ABSTRAKT

Ejpovické tunely jsou prvnimi v systému Ceské Zeleznicni site, jejichZ razba je provddéna metodou mechanizovaného tunelovdni. Dva
odlisné geotypy mékké bridlice a tvrdé a pevné spility v trase tunelu si vyZddaly nasazeni tunelovaciho stroje, ktery v sobé kombinuje jak
princip a konstrukci zeminového Stitu do mékkych hornin, tak i princip a konstrukci raziciho stroje do pevnych skalnich hornin. Razba
tivodniho, zhruba 3 km dlouhého tiseku v promeénlivych geologickych podminkdch si vyZddala radu resSeni a opatreni pro zajisténi bez-
pecnosti raZeb.

ABSTRACT

The Ejpovice tunnels are the first tunnels within the Czech railway network system which are driven using a mechanised tunnelling
method. Two different genotypes of weak shale and hard and massive spilite along the tunnel alignment required the application of a
Tunnel Boring Machine (TBM) combining in itself both the principle of an Earth Pressure Balance (EPB)shield for weak ground and the
principle and structure of a hard rock TBM. Driving the initial, approximately 3km long section through variable geological conditions

required numerous solutions and measures for providing the excavation safety.

CHARAKTERISTIKA PROJEKTU MODERNIZACE TRATI
ROKYCANY - PLZEN

Tunely Ejpovice jsou soucdsti rozsahlého liniového staveb-
nitho projektu nazvaného ,,Modernizace trati Rokycany —
Plzen“. StéZejnim cilem tohoto projektu je dosazeni jizdni
doby na dseku z Prahy do Plzné pod 1 hodinu z hlavniho nad-
razi v Praze na hlavni nddrazi v Plzni. V samotném udseku
Rokycany — Plzen se oproti stavajicimu stavu predpoklada
casovd dspora pro vlaky R a Sp cca 9 minut.

Navrhova rychlost 160 km/h si v ¢asti useku vyzadala nové
trasovani Zeleznic¢ni trati, které vedlo k realizaci novych inZe-
nyrskych staveb, z nichZ nejvyznamnéjsi jsou prave tunely. Ty
jsou navrzeny jako dva jednokolejné, kazdy délky cca
4150 m. Pii¢ny tez je kruhovy, svétlého pruméru 8,7 m.
Osténi je navrzeno jako dilcové, sloZené z prefabrikovanych
betonovych segmentu (obr. 1), jeZ jsou v horniné stabilizova-
ny pomoci dvoukomponentni vypliové injektaze.

HYBRIDNI TUNELOVACI STROJ

Zhruba 3,3 km trasy obou tunelu prochdzeji mékkymi brid-
licemi razného stupné zvétrani pod vrchem Homolka a 0,7 km

Obr. 1 Prdce pred jizni tunelovou troubou Ejpovickych tunelii se smontova-
nym drdtkobetonovym segmentovym osténim

Fig. 1 Working in front of the southern tube of the Ejpovice tunnels with
completed steel fibre reinforced segmental lining

CHARAKTERISTICS OF THE ROKYCANY — PLZEN RAIL
TRACK MODERNISATION PROJECT

The Ejpovice tunnels are parts of an extensive linear con-
struction project named “The modernisation of the Rokycany
— Plzen rail track”. The crucial objective of this project is to
achieve the travel time in the section from Prague to Plzen,
from the main railway station in Prague to the main railway
station in Plzen, shorter than 1 hour. In the Rokycany — Plzen
section itself, time saving of ca 9 minutes are expected for
fast trains and local express trains.

The design speed of 160km/h required a new alignment of
the rail track, which led to the realisation of new civil engi-
neering structures. Tunnels are the most important of them.
They are designed as a pair of single-track tunnel tubes, each
ca 4150m long. The cross-sections are circular with the net
diameter of ca 8.7m. Pre-fabricated concrete segments are
designed for the segmental lining (see Fig. 1). The segments
are stabilised in ground by means of two-component backg-
routing.

HYBRID TUNNEL BORING MACHINE

Approximately 3.3km of the alignment of both tunnels pass
through weak shales of various degrees of weathering under
Homolka Hill and 0.7km pass through hard and massive spi-
lites under Chlum Hill (see Fig. 2). It was necessary in the
environment formed by weathered and fractured to cope with
an instable excavation face and to drive the tunnel with the
active support to the excavation face. The environment for-
med by spilite provides stable excavation conditions, but the
excavation will be complicated by difficult cuttability and
high consumption of cutting tools.

Conventional tunnelling methods are advantageously used
in the significantly variable geological conditions. The reason
is that when they are applied it is possible basically immedia-
tely to respond to changes in the environment, both by chan-
ging the ground disintegration method and by changing the
system of the excavation face support. Designers developed
hybrid machines so that even the mechanised tunnelling met-
hod could be effectively upheld in such the conditions.
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Obr. 2 Schématicky predpoklddany podélny geologicky rez jiznim tunelem

Fig. 2 Schematic expecteded longitudinal geological section through the southern tunnel tube

tvrdymi a pevnymi spility pod vrchem Chlum (obr. 2).
V prostredi zvétralych a porusenych bridlic bylo nutné vypo-
fddat se s nestabilni ¢elbou a razit s aktivni podporou &elby.
Prostredi spilitu poskytuje stabilni vyrub, razby vSak budou
zt€zovany obtiznou rozpojitelnosti a spotfebou feznych
nastroju.

Ve vyrazné se ménicich geologickych podminkédch se
s vyhodou uZzivaji konven¢ni metody tunelovéni. Pfi jejich
aplikaci je totiZ mozné na zménu prostredi reagovat v podstaté
ihned, a to jak zménou zpusobu rozpojovani horniny, tak
i zménou zpusobu zajidténi vyrubu. Aby v takovych podmin-
kdch mohla efektivné obstdt i metoda mechanizovaného tune-
lovdni, vyvinuli konstruktéfi stroje hybridni.

Jejich podstata tkvi v tom, Ze kombinuji alespon dva ruzné
principy mechanizovaného tunelovani. Hybridnf stroje mohou
byt vyrobeny bud jako pfestavitelné (convertible tunneling
machines), u nichZ je pro zménu reZimu razby nutny kon-
struk¢ni zdsah do stroje, nebo stroje viceucelové (multi-mode
tunneling machines), nevyzadujici pro zménu rezimu razby
konstrukéni zdsah do stroje.

Druhy hybridnich stroju jsou patrné z obr. 3. Mohou byt
usporadany jako stroje hardrock (razici stroje do pevnych
skalnich hornin) v kombinaci se zeminovym ¢i bentonitovym
Stitem, resp. jako kombinace zeminového a bentonitového
Stitu.

Pro podminky raZeb Ejpovickych tuneld byl nasazen hyb-
ridni konvertibilni tunelovaci stroj, ktery je v zdsadé zemino-
vym §titem, nabizi v§ak moZnost prestavby pro rezim raziciho
stroje v pevnych hornindch (hardrock TBM). Stroj Viktorie
(obr. 4) byl vyroben v némecké tovarné Herrenknecht
s typovym oznacenim S-799.

Osténi tuneld raZenych zeminovymi $tity je tvoreno beto-
novymi prefabrikdty (segmenty), které S§tit pouZzivd jako
oporu pro pritlak fezné hlavy. TBM navrzené pro pevné
a stabilni horniny typicky pouZivaji pro zaji§téni vyrubu oce-
lové ramy, kotvy, sité a stiikany beton a jako oporu pro pri-
tlak fezné hlavy vyuZivaji radidlni pritla¢né lisy vzeprené do
stén vyrubu. Z divodi kombinace obou reZimu hybridni
tunelovacf stroj pro Ejpovice instaluje prefabrikované dilco-
vé osténi jak v reZimu zeminového $titu, tak i v rezimu TBM
v pevné horniné.

Osténi bylo navrZeno na zatizeni od horninového prostredi,
na manipulaén{ zatiZeni a tlaky pfitlatnych lisu, které byly pro
navrh 40 cm tloustky osténi rozhodujici. Segmenty byly vyrobe-
ny z betonu s rozptylenou vyztuzi tridy C45/55. V okoli propo-
jek jsou segmenty vyrobeny ze Zelezobetonu s prutovou vyztuZzi.

They are based on combining at least two different princip-
les of mechanised tunnelling. Hybrid tunnel boring machines
can be manufactured either as convertible machines, where
a structural intervention is required for changing the excava-
tion mode, or multi-mode tunnelling machines requiring no
structural intervention for changing the excavation mode.

The types of hybrid machines are presented in Fig. 3. They can
be arranged as hard rock machines in combination with an earth
pressure balance shield (EPB) or a slurry pressure balance (SPB)
shield, or as a combination of an EPB and SPB shields.

A hybrid convertible tunnelling machine was deployed for
the conditions of the Ejpovice tunnels excavation. It is, in
substance, an earth pressure balance tunnel boring machine,
but it offers the possibility of being converted for the hard
rock tunnel boring machine. Viktorie TBM (see Fig. 4) was
manufactured in Herrenknecht’s German factory under the
type marking S-799.

The lining of tunnels driven using EPB TBMs consists of pre-
cast concrete segments, which are used by the shield as a support
for the cutterhead thrust. TBMs designed for hard and stable
rock typically use steel frames, anchors, welded mesh and shotc-
rete for the excavation support. They use radial grippers bracing
against the excavation walls as a support for the cutterhead
thrust. Because of the combination of the two rmodes, the hyb-
rid TBM designed for Ejpovice installs the pre-fabricated seg-
mental lining in both EPB and hard rock modes.

The lining was designed for loads from the surrounding
ground mass and handling loads and pressures induced by

Tab. 1 Zdkladni parametry stroje
Table 1 Basic parameters of the machine

typ stroje prestavitelny — EPBM/hardrock
machine type convertible - EPBM/hard rock
primér fezné hlavy 9 840 mm
cutterhead diameter 9 840mm
délka v¢. zavésu 115 m
length incl. trailing gear 115m
hmotnost v¢. zavésu 1800t
weight incl. trailing gear 1 800t
instalovany vykon 6 200 kW
installed capacity 6 200kW
provozni tlak 4 5bar
operating pressure 4.5bar
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Obr. 3 NejpouZivanéjsi typy tunelovacich stroju a jejich kombinace
Fig. 3 Most frequently used types of TBMs and their combinations

Pro minimalizaci rizika vzniku trhlin v osténi pusobenim
Stitovych list byl pocet lisu a geometrie pritlaénych desek
navrZen tak, aby na kazdy segment pusobily pouze dva pisty.
Navic dratkobeton omezil vznik velkych trhlin.

Osténi je jednoplastové, proto musi byt vodotésné a ve spo-
jich mezi jednotlivymi segmenty jsou pryzové tésnici pdsy
navrzené na provozni tlak podzemni vody 5 bar, mezni tlak
tésnéni je 10 bar. Vyznamnym prispénim ke zvySeni spolehli-
vosti tésnicich pasu bylo pouziti inovativniho feSenti, ,,cast-in-
form*, tj. t€snicich pdst zakotvenych do segmentd uchycenim
do formy a zalitych do betonu.

Prstenec pro Ejpovické tunely se sklada ze sedmi zdklad-
nich segmentd a zdvérného segmentu (klendku). Spdry
v podélném sméru jsou Sikmé, ¢imZ dochdzi k eliminaci tzv.
kfiZovych spoju, které by vedly ke zvySenf rizika net€snosti.
Sikmé spary také prispivaji ke zvySeni tuhosti prstence
v pri¢ném sméru. Segmenty jsou v ramci prstence, tj.
v loznych (podélnych) sparach tunelu spojovany pomoci Srou-
bi. Sroubovy spoj je viak jen doasny a po vytvrzeni vypliio-
vé injektaZni malty jsou Srouby demontovany. Ve sparich
radidlnich, tedy ve spojich sousednich prstencu, jsou pouZity
spojovaci trny. Tyto spojovaci prvky zustavaji v osténi trvale
zabudované a pomadhaji zajistit pfesnost montaze ve fazi stav-
by prstencu. Metrostav a.s. uplatnil svoje patentované feSeni
pro zajisténi spoluptisobeni segmentd a prstenci v okolf
budoucich propojek. V misté, kde bude proveden vylom
v osténi pro razbu propojek, zajiStuje toto feSeni Unosnost,
tuhost a vodotésnost prstenct. Vyhodou feSeni je, Ze nevyZa-
duje podpurné rdmy a tim umoZfiuje kontinudlni provoz

thrust jacks, which were crucial for the design of the 40cm
thick lining. The segments were produced from fibre reinfor-
ced concrete C45/55. Segments located in the surroundings
of cross passages are produced from concrete reinforced with
steel bars.

The number of shield jacks and the geometry of the thrust
plates were designed with the intention to have only two
jacks acting on each segment, so that the risk of the develop-
ment of fissures due to the effect of thrust jacks was minimi-
sed. In addition, the steel fibre reinforced shotcrete restricted
the development of big cracks.

The lining is of the single-shell type. For that reason it has
to be watertight. Rubber gaskets are in joints between indivi-
dual segments. They are designed for the operating pressure
of groundwater of 5bar; the limiting pressure on the sealing
is 10bar. The use of an innovative cast-in-form solution,
i.e. fixing the sealing gaskets in the mould and embedding
them in this way in concrete, was a significant contribution to
increasing the reliability of the sealing gaskets.

The lining ring for the Ejpovice tunnel consists of seven
basic segments and a key. Course joints are tapered, thus the
so-called cruciform joints which would increase the risk of
leaking are eliminated. In addition, the tapered joints contri-
bute to increasing the ring rigidness in the transverse directi-
on. The segments forming a lining ring are interconnected
with bolts in course joints. The bolted joint is only
a temporary solution. Bolts are removed after the backgrou-
ting mortar hardens. Dowels are used in circumferential
joints (joints between neighbouring rings). These connecting
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Obr. 4 Viktorie — konvertibilni tunelovaci stroj pro raZbu Ejpovickych tunelu
Fig. 4 Viktorie — the convertible TBM for driving the Ejpovice tunnels

v tunelu a razba propojek muZe probihat soubézné se strojni
razbou nebo pfi stéhovani §titu k opétovnému zahdjeni razeb.

VYROBA PREFABRIKOVANYCH SEGMENTU

Vyroba segmenti prefabrikovaného osténi byla zahdjena
s asi pulro¢nim predstihem pfed samotnym zahédjenim raZeb.
Je treba, aby segmenty v dobé zabudovavani do konstrukce
tunelové trouby mély minimdlné osmadvacetidenni pevnost,
a zdroven aby predzdsobeni bylo dostate¢né s ohledem na
predpoklddané maximalni vykony tunelovaciho stroje.

Pri vyrobé betonovych segmenti s rozptylenou vyztuZi je
zcela kli€ové spravné rozptyleni vyztuze. Ocelové dratky jsou
pomoci ddvkovaciho zafizeni rovnomeérné rozprostfeny na
pasovy dopravnik. Pds dratky undsi a ty jsou ndsledné zasy-
pény kamenivem. Takto naddvkované dratky spolu s ka-
menivem se presunou do skipu, ktery materidl vyveze k bubnu
michacky.

Proces michdni je rutinné se opakujici zélezitost, spocivaji-
ci v nékolika krocich. V prvnim kroku probihd zavéazeni
kameniva do pripravenych kéji. Z kéji vypadd kamenivo na
dopravnikovy pds (a zasype jiz naddvkované ocelové dratky),
ktery slouzi soucasné jako vdha kameniva. Po zvdZzeni kame-
niva se veskeré kamenivo, vSechny potrebné frakce a drétky
pro michani dopravi do koSe na beton tzv. ,,skipu®. Tento ko§
vysype kamenivo a dratky do bubnu michacky, kde se sypké
kamenivo promichd. Po promichani se pfidd cement, voda
a prisady do betonu. Po priddni veSkerych surovin zaCind
samotny michaci cyklus, ktery trvd 60—300 sekund. Receptura
smési se prubéZzné optimalizuje zejména podle klimatickych
podminek a s tim je spojena i tprava doby michéni.

Pro bednéni tvaru prefabrikati se pouZzivaji ocelové stacio-
narni formy, které vyrdbi specializovand firma Herrenknecht
Formwork Technology GmbH. Typy jednotlivych forem jsou
podle tvaru vysledného segmentu oznaceny pismeny A az H.
Kazda forma je osazena na osmi betonovych patkdch, na kte-
rych jsou ddle umistény silent bloky pro tlumeni vibraci jdou-
cich do podlozky a pro tlumeni hluku. Pod kaZzdou formou
jsou pripevnény vibratory, které zajistuji rovnomérné rozmis-
téni smési v celé plose segmentu a vytlaéeni vzduchu. V horni
¢asti jsou formy opatieny zdklopy, které po zavreni vymezuji
betondz.

Pred samotnou betondzi se formy osadi vystrojovacimi
prvky a gumovym tésnénim. Betondz se provadi specidlné
navrZzenym koSem na beton, $térbina pro betondZ kopiruje
délku segmentu, a tim je zajiSténo rozlévani betonu do celé

elements remain embedded in the lining permanently. They
help in the ring building phase to ensure the assembly accu-
racy. Metrostav a. s. applied its patented solution for ensuring
the composite action of segments and rings in the surroun-
dings of the future cross-passages. In the location where the
lining is to be broken out for the excavation of cross passages
this solution secures the load-bearing capacity, rigidness and
waterproofing capacity of the rings. The advantage of this
solution is that it does not require supporting frames, there-
fore it allows for continual operation in the tunnel with the
cross passage excavation proceeding concurrently with the
mechanical excavation or when the TBM is being dismant-
led.

PRODUCTION OF PRE-CAST SEGMENTS

The production of pre-cast lining segments commenced ca
six months in advance of the commencement of the tunnel
excavation. It is necessary that at least the 28-day strength of
the segments is reached at the moment of their incorporation
into the tunnel tube structure and, at the same time, the
advance stockpiling is sufficient with respect to the anticipa-
ted maximum performance of the TBM.

Proper dispersion of reinforcing fibres is crucial during the
production of fibre reinforced concrete segments. Steel fibres
are uniformly spread on a belt conveyor by means of a dosing
unit. The belt carries the steel fibres onward and aggregates
are subsequently poured on them. The steel fibres and aggre-
gates dosed in this way are moved to a skip, which carries
them to the mixer drum.

The process of mixing is a routinely repeating matter lying
in several steps. In the first step aggregates are carried to pre-
pared bins. Aggregates fall from the bins on the belt convey-
or (and cover the already dosed steel fibres). The belt conve-
yor concurrently serves to weigh the aggregates. After weig-
hing the aggregates, all aggregates, all fractions and steel fib-
res required for mixing are transported to a concrete skip. The
aggregates and steel fibres are poured from the skip to the
mixing drum, where the loose aggregates are mixed up. After
mixing them, cement, water and concrete additives are added.
After all materials are added, the mixing cycle itself, taking
60-300 seconds, starts. The mixture formula is continuously
optimised, first of all with respect to climatic conditions.
Even the adjustment of the mixing time is associated with it.

Stationary steel moulds manufactured by a specialised firm
Herrenknecht Formwork Technology GmbH are used. The
types of particular moulds are marked by letters A through to
H, depending on the shape of the resultant segment. Each
mould is mounted on eight concrete footings having silent
blocks for dampening vibrations transmitted to the support
and attenuating noise on their tops. Vibrators ensuring uni-
form distribution of the mixture within the whole segment
surface and expelling air are fixed under each mould. In the
upper part the moulds are provided with decks which, after
closing, delimit the casting of concrete.

Fittings and the rubber gaskets are installed in the mould
before casting of concrete. Concrete is cast using a specially
designed bucket; the slot for casting copies the segment
length, thus spreading of concrete over the whole surface of
the segment under preparation is ensured. When the concre-
te starts to set, the decking is lifted and the outer surface of
the segment is treated with finishing trowels. This finish is
first of all necessary with respect to the subsequent handling
of the segments using vacuum-assisted lifters requiring
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Obr. 5 Montdz tunelovaciho stroje S-799 pred vychodni portilovou sténou
Fig. 5 Assembly of the S-799 TBM in front of the eastern portal wall

plochy betonovaného segmentu. Takto zabetonovany seg-
ment se nechd zavadnout a ndsledné dochdzi ke zvednuti
zéklopu a ru¢nimu hlazeni rubu segmentu. Vyhlazeni je pre-
dev8im provadéno z duvodu nésledné manipulace se seg-
menty pomoci vakuovych zvedalu, pro které je zapotiebi
hladny povrch. Po dosaZeni poZadované pevnosti pro mani-
pulaci jsou segmenty vyjmuty z forem a otdceny do findlnich
pozic, ve kterych jsou naddle skladovany. Skladovani seg-
mentu je uspordddno ve véZich po jednotlivych prstencich.
Po dosaZeni pevnosti v tlaku po 28 dnech jsou ddle segmen-
ty ndkladni automobilovou dopravou expedovéany k zabudo-
vani do tunelu.

MONTAZ TUNELOVACIHO STROJE

Podstatnou soucdsti kazdého projektu razeb metodou
mechanizovaného tunelovani je st€¢hovéni celého strojniho
komplexu z mista jeho vyroby na staveni§té. Aby mohl byt
stroj prevazen, je tfeba jej demontovat na transportovatel-
né dily.

Cisti stroje byly prevaZeny prevazné kamionovou dopra-
vou, dily s nejvétsi hmotnosti (hlavni loZisko, feznd hlava,
nékteré Cdsti §titu) byly ¢dsteéné prevdzeny i dopravou lodni.
Hmotnost nejtézsiho dilu byla 150 t (hlavni lozisko).

MontdZ byla zahdjena 20. 11. 2014 pred vjezdovym portd-
lem jizniho tratového tunelu. Pro
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a smooth surface. When the strength required for the hand-
ling has been reached, the segments are removed from the
moulds and are turned to the final positions in which they are
further stored. The segments are stored in towers, each con-
sisting of segments for one ring. When the 28—day compres-
sion strength has been reached, the segments are further dis-
patched by road haulage to be incorporated into the Ejpovice
tunnel.

TUNNEL BORING MACHINE ASSEMBLY

Moving the entire mechanical complex from the producti-
on location to the construction site is a substantial part of
every tunnelling project using a mechanical tunnelling met-
hod. Dismantling the machine to transportable components is
necessary for moving it.

Parts of the machine were transported mostly using road
haulage; components with the greatest weight (the main bea-
ring, the cutterhead, some parts of the shield) were partially
transported on ships. The weight of the heaviest component
was 150 tonnes (the main bearing).

The assembly commenced on 20/11/2014 in front of the
portal of the southern running tunnel. A TEREX DEMAG CC
2800 tracked crane and a TEREX DEMAG AC 160 mobile
crane were deployed for the handling of loads (see Fig. ). The
operations proceeded in shifts operated over 24-hour days,
seven days/week for two months. Only the welding of the
cutterhead, which was transported in five pieces, took nearly
one month. The machine was completely assembled and pre-
pared to start to drive the tunnel on 31/01/2015.

DRIVING THE SOUTHERN TUNNEL

At the beginning of 2016, the length of the tunnel driven by
Viktorie tunnel boring machine through semi-rock formed by
weak shale reached 3km. The monthly advance rate was the-
refore 264m. The highest monthly performance of 528m was
achieved in May 2015; the highest daily performance was
32m (see Fig. 6). The excavation advance rate was affected
by several factors: instable ground in fault zones, hydrostatic
pressure and high inflows of groundwater, muck stickiness
and increased abrasion.

manipulaci s bfemeny byl nasazen
pasovy jerdb TEREX DEMAG CC
2800 a mobilni jerdb TEREX DEMAG
AC 160 (obr. 5). Prdce probihaly
v nepretrzitém provozu po dobu dvou
mésict. Jen svafovédni fezné hlavy,
kterd byla transportovdna v péti
kusech, trvalo témér cely mésic. Stroj
byl sestaven a pripraven k zahdjeni
razeb 31. 1. 2015.

600,0m

RAZBY JIZNIHO TUNELU

Zacatkem ledna 2016 doséhl tunelo-
vaci stroj Viktorie 3 km délky tunelu
vyrazeného v poloskalni horniné tvo-
fené mékkou bridlici. Primérny
mési¢ni postup tudiz Cinil 264 m.
Nejvyssiho mésiéniho vykonu se
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podafilo dosahnout v kvétnu lonského
roku — 528 m, nejvyssi denni vykon

Obr. 6 Meésiéni vykony razeb
Fig. 6 Monthly excavation advance rates
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Obr. 7 Znecisténi tunelovaciho stroje zvodnélou rubaninou
Fig. 7 Tunnelling machine smeared with water-bearing muck

predstavoval 32 m (obr. 6). Rychlost razby byla ovlivnéna
nékolika faktory: nestabilni horninou v poruchovych zénach,
hydrostatickym tlakem a vysokymi pfitoky podzemni vody,
lepivosti rubaniny a zvySenou abrazivitou.

Razby v uzavieném rezimu

Razba jizniho tunelu se vyznacovala ¢astou nestabilitou hor-
ninového prostredi (zejména v ivodnim dseku prvnich 250 m)
a byla navic umocnéna zvySenymi pritoky podzemni vody se
zvySenym hydrostatickym tlakem, ktery v pristropi tunelu
¢inil az 3 bary.

Kombinace téchto faktora si vyzddala provadéni raZzby
v pfedmétném udseku v reZimu s plnou podporou Celby (closed
mode). Nestabilita ¢elby se projevovala vznikem nadvylomu
a byla zpusobena vysokym stupném rozpukanosti a pro-
pustnosti horniny v poruchovych zénach. Propustnd hornina
privadéla na Celbu a na obalku 10 m dlouhého $titu silné pri-
toky podzemni vody z vySe poloZenych vrstev kopce
Homolka.

V podminkach, kde hydrostaticky tlak podzemni vody
odpovidal predpoklddané vysce hladiny podzemni vody
v pristropi tunelu, probihala razba v uzavieném reZimu
a opérny tlak v pracovni komore byl tvoren plastickou, témer
nestladitelnou a nepropustnou rubaninou a byl zhruba roven
tlaku podzemni vody.

V poruchovych zoéniach se zvySenymi pritoky podzemni
vody (az 28 1/s) bylo nutné opérny tlak zvysit o hodnotu
potrebnou k zajisténi stability Cela vyrubu. Pri takto vysokych
hodnotdch dochdzelo k vyvérani pén a vyplnové injektaZze na
povrch terénu a opérny tlak musel byt sniZovan na hodnoty,
pri kterych nedochazelo k uniku médii. V téchto podminkach
propustnych poruchovych zén dochdzelo v odtéZzovaci komo-
fe ke ztekuceni rubaniny, kterd tim prestala byt témer stlaci-
telnou a plastickou. Dochézelo k ostrym vykyviam opérného
tlaku v zavislosti na odtézovani, vznikaly nadvylomy, protoze
tekutd rubanina nedokdzala vytvorit zatku ve Snekovém
dopravniku, kterd by zajistila vytvoreni opérného tlaku na
Celbé. Pdsovy dopravnik nepobral tekutou rubaninu, ktera pre-
tékala z pasu a zneciStovala dno a segmentové osténi pripra-
vené na montdz. Ciiténi stroje a osténi trvalo mnohdy celou
sménu a zdrzovalo postup razeb (obr. 7).

Pomérné dobré vysledky prineslo pouZiti polymeru uréené-
ho k vazani vody, které eliminovalo tuc¢inky tekuté rubaniny.
Na projektu tunelu Ejpovice byl pouzit Mapedrill M1 italské
spole¢nosti MAPEI.

Vymeéna feznych nastroji a udrzba fezné hlavy
Razba v uzavieném reZzimu a lepiva rubanina obecné vedou
ke zvySenému opotiebeni fezné hlavy a feznych ndstroju.

Driving tunnel in closed mode

The excavation of the southern tunnel tube was characteri-
sed by frequent instability of the ground environment (first of
all in the initial 250m long section), which was, in addition,
potentiated by increased inflows of groundwater with increa-
sed hydrostatic pressure amounting up to 3 bars in the top
heading.

The combination of these factors induces the necessity for
driving the tunnel in the particular section with full excavati-
on face support (the closed mode). The excavation face insta-
bility manifested itself by the origination of overbreaks due
to a high degree of fracturing and ground permeability in
weakness zones. The permeable ground carried intense
inflows of groundwater from higher located layers of
Homolka Hill to the heading and on the envelope of the 10m
long shield.

In the conditions where the hydrostatic pressure of ground-
water corresponded to the assumed water table level in the
tunnel top heading, the excavation proceeded in the open
mode and the support pressure in the working chamber was
provided by plastic, compressible and impermeable muck
and was approximately equal to the groundwater pressure.

In weakness zones with increased groundwater inflows (up
to 28L/s) it was necessary to increase the support pressure by
a value required for increasing the stability of the excavation
face. At so high values the foam and backgrouting mixture
leaked up from the terrain surface and the support pressure
had to be reduced to the values at which the leaking of the
media did not occur. In these conditions formed by permeab-
le weakness zones the muck in the extraction chamber beca-
me liquid, which as a result nearly stopped to be compressib-
le and plastic. The support pressure steeply fluctuated depen-
ding on the muck extraction and overbreaks originated
because of the fact that the liquid muck was not able to crea-
te a plug in the screw conveyor which would secure the deve-
lopment of support pressure at the face. The belt conveyor
did not take all liquid muck and it spilled down from the belt
and smeared the tunnel bottom and the segmental lining pre-
pared for installation. Cleaning the machine and the lining
often took the whole shift and delayed the excavation advan-
ce (see Fig. 7).

Relatively good results were brought by the application of
a polymer designed to bind water, which eliminated the effect
of the liquid muck. Mapedrill M1 produced by Italy- based
MAPEI was used at the Ejpovice tunnel project.
Replacement of cutting tools and the cutterhead
maintenance

The open mode tunnelling and the sticky muck led to inc-
reased wear of the cutterhead and cutting tools in general.
Disk cutters got quickly worn out when the sticky muck com-
pletely filled sockets of disk cutters and made their rotation
impossible. It caused immediate local grinding of the disks.
The wear was increased by the presence of quartz and quartz
veins, which were present abundantly in the shale.

The work associated with replacing cutting tools, repairing
the cutterhead or repairing inside the extraction chamber had
to be carried out in massive rock which was able to provide
stable excavation face. If the naturally stable rock face did
not develop in the particular section, it was necessary to sta-
bilise the face by chemical grouting from inside the shield.

A system of lean concrete diaphragm walls was designed
for locations with a low overburden. The walls created



Obr. 8 Unik pén slouzicich pro tipravu rubaniny na povrch tizemi
Fig. 8 Escape of the muck-modifying foams to the terrain surface

K rychlému opotiebeni feznych diski dochdzelo, kdyZ lepivd
rubanina zcela vyplnila luZka diski a znemoZnila jejich oté-
geni, ¢imz doslo k okamZitému mistnimu obrusu disku.
K opotrebeni prispival kfemen a kifemenné zily, které se
v bridlici hojné€ nachdazely.

Price spojené s vyménou feznych ndstroju, s opravami
fezné hlavy nebo opravami v odtéZovaci komore bylo nutné
provadét v pevné horniné, kterd zajistila stabilni ¢elbu. Pokud
se prirozen¢ stabiln{ horninova ¢elba v daném tseku nevytva-
fela, bylo nutné Celbu stabilizovat chemickou injektdZ{ prova-
dénou ze $titu.

V mistech s nizkym nadlozim byla navrZena soustava pod-
zemnich stén z hubeného betonu, které vytvorily kompaktni
betonovy blok, tzv. ,,gardz*, do néhoz bylo mozné hlavu razi-
ciho stroje ,,zaparkovat™ a pod jeho ochranou provést tdrzbu
fezné hlavy. Vyhodou ,gardzi“ bylo to, Ze se jednalo
o opatfeni provedend v predstihu razeb z povrchu terénu
a jejich vybudovani nezdrZovalo razbu. Vybetonovany prostor
.garaze“ mél pudorysné rozméry 15x4 m, hloubka dosahova-
la od povrchu tzemf{ az zhruba do poloviny raZeného tunelu.
Uspésné pouziti &tyf ,,garazi“ na trase jizniho tunelu ukazalo,
Ze zabezpeCeni Celby podzemnimi sténami je rychlé
a bezpecné reseni.

Udrzby fezné hlavy tedy probihaly ve vyprazdnéné pracovni
komore §titu a za atmosférického tlaku. Prace na fezné hlave
v pretlaku, tj. pod ochranou stla¢eného vzduchu nebyly pldno-
vané. Stlaceny vzduch totiZ nedokdze stabilizovat rozpukanou
a propustnou horninu, nemuZe zadrZet blok horniny proti
vypadnuti z Celby. Navic v propustné poruchové zéne hrozi
nebezpe¢i nahlého uniku stlateného vzduchu. Oba predpokla-
dy se pri razbach také potvrdily. V rezimu razby s opérnym
protitlakem stlateného vzduchu prokazatelné dochéazelo
k nadvylomim a bylo nutné piejit do klasického EPB (Earth
Pressure Balance) uzavieného rezimu zeminového Stitu, kdy
Celba byla zajisténd stlaCenou rubaninou. Zdroven se uniky
stlaceného vzduchu potvrdily v poruchovych zénach, kdy na
povrch terénu vystoupaly nejen pény (obr. 8), ale také i husta
bentonito-cementovd vypliovd injektdz, a to i v misté, kde
vySka nadlozi ¢inila 25 m.

Mnohem vyssi podil kfemenné slozky (obr. 9), nezli bylo
predpoklddédno, zpusobil vy$§i abrazivni pusobeni bridlic,
a tim i vyS$8i frekvenci vymény feznych ndstroju. Abrazivni
prostied{ zpusobilo i obrus ochrannych tvrdokovovych otéro-
vych desti¢ek, kterymi byla Fezné hlava osazena. Po kontrole,
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a compact concrete block, the so-called gara-
ge”, in which the cutterhead could be parked
and under the protection of which it was pos-
sible to carry out the cutterhead maintenance.
The advantage of the “garages” was that these
measures were implemented in advance of the
tunnel excavation from the terrain surface and
their construction did not delay driving of the
tunnel. The space of the concrete “garage”
had ground plan dimensions of 125x4m, the
depth reached from the ground surface up to
approximately the middle of the tunnel cross-
section. The successful use of four “garages”
on the alignment of the southern tunnel tube
showed that the system of stabilising the exca-
vation face by diaphragm walls is a quick and
safe solution.

The cutterhead maintenance operations
were therefore carried out in an emptied working chamber of
the shield, under the atmospheric pressure. Working on the
cutterhead under positive air pressure, i.e. under the protecti-
on of compressed air, was not planned. The reason was that
positive pressure air is not able to stabilise fractured and per-
meable rock, cannot hold a block of rock and prevent its fal-
ling from the excavation face. In addition, sudden leakage of
compressed air threatens in a permeable fault zone. The two
assumptions were confirmed during the tunnel excavation.
Overbreaks provably occurred in the excavation mode with
the support pressure provided by compressed air. It was
necessary to switch to the classical EPB (Earth Pressure
Balance) closed mode, where the excavation face was sup-
ported by compressed muck. At the same time, escaping of
compressed air was confirmed in fault zones, where not only
foams but also dense bentonite-cement backgrouting mixture
rose to the terrain surface (see Fig. 8), even in a location
where the overburden height amounted to 25m.

The much higher proportion of the quartz component (see
Fig. 9) than expected caused higher abrasion action of shale,
thus also the higher frequency of replacements of cutting
tools. The abrasive environment, in addition, caused abrasion
of protective tungsten carbide anti-wear plates installed on
the cutterhead. The decision was made after an inspection
carried out by Herrenknecht company expert that the majori-
ty of these plates were to be ground away and be replaced
with new ones. When the machine was removed from servi-
ce and was “parked in the first garage”, all welding work
associated with the replacement and installation of new wear-
proof plates was carried out. Welding proceeded for over one
week.

Safety measures

Protective measures on the surface were implemented
during passages through critical sections — continual monito-
ring, partial or complete restriction on the access to tipped
areas on the surface. When a busy road with the tunnel over-
burden of only 9.5m (Hlavn{ Street) was being passed under,
the road was crossed by a temporary bridge structure. All
measures were revoked only when the existence of underg-
round cavities had been excluded by the geophysical survey
of the whole space.

The reduction in the development of overbreaks was ensu-
red by means of weighing the muck leaving the working
chamber during the course of one excavation round. Precise
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kterou provedl expert firmy Herrenknecht, bylo
rozhodnuto vétSinu téchto desti¢ek odbrousit
a nahradit novymi. Pfi odstdvce stroje v prvni
»gardzi“ se provedly veSkeré svareCské prace
spojené s vyménou a instalovanim novych oté-
ruvzdornych desti¢ek. Svare¢ské prace probiha-
ly po dobu vice neZ jednoho tydne.
Bezpednostni opatieni

Pri prochdzeni kritickymi tseky se provedla
ochrannd opatfeni na povrchu — nepretrzité sle-
dovani, ¢aste¢né ¢i dplné znepristupnéni vytipo-
vanych oblasti na povrchu. Pfi podchodu fre-
kventované silnice s nadlozim pouhych 9,5 m
(ulice Hlavni) byla tato preklenuta mostnim
provizoriem. VSechna opatfeni byla odvoldna
vzdy teprve poté, co byl cely prostor podroben
geofyzikdlnimu prizkumu, ktery vylou&il exis-
tenci podpovrchovych dutin.

Omezeni tvorby nadvylomu bylo zajiStovdno védZenim
hmotnosti rubaniny odchdzejici z pracovni komory béhem
jednoho zdbéru. Presné nastaveni vah vyzadovalo sledovani
objemové hmotnosti geologickou sluzbou, a to s cetnostni
minimdlné 2x za den. Hmotnost vytéZeného materidlu z da-
ného zabéru tak odpovidala hmotnosti rostlé horniny uréené
z plochy vyrubu ndsobenou délkou zabéru. Vetsi téZzené
mnoZstvi indikovalo vznik nadvylomu a zdroven ukazovalo
na skute¢nost, ze operné tlaky v odtéZovaci komore je treba
zvySit. Objemovad hmotnost hornin se pohybovala v §iroké
Skdle mezi 2 t/m3 aZ 2,8 t/m3.

ZAVER

RaZzba dvodniho 3 km dlouhého tseku prokdzala, Ze nasa-
zeni zeminového $titu do prostfedi mékkych bridlic bylo tech-
nologickou volbou, kterd se ukdzala jako spravnd zejména ve
vysoce geologicky proménlivém prostfedi, s charakteris-
tickym vyskytem nestabilnich poruchovych z6n se zvySenymi
pritoky podzemni vody. Tyto podminky vedly ke zvétSen{ roz-
sahu razeb v uzavieném rezimu a vyzadaly si vySSi ndroky na
zajisténi bezpe&nosti prace pri vyméné feznych ndstroju.

Postup tunelovaciho stroje Viktorie dospél na konci ledna
roku 2016 do prostredi spilitu, do kterych bude prestrojen na
rezim hardrock. RaZba ve zcela odliSném geologickém pro-
sttedi a s konstrukéné upravenym strojem s sebou prinese
nové vyzvy, nové pristupy a nové poznatky.
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Obr. 9 Celba tunelu s kiemennou Zilou
Fig. 9 Tunnel excavation face with a quartz vein

setting of scales required the monitoring of the bulk density
by the geological service, with the minimum frequency twice
a day. The weight of the material extracted from the particu-
lar excavation round thus corresponded to the weight of nati-
ve rock determined from the cross-sectional area and multi-
plied by the excavation round length. Higher excavated
amount indicates the development of overbreraks and, at the
same time, shows that it is necessary to increase the support
pressure in the extraction chamber. The bulk density of the
rock varied between 2t/m? and 2.8t/m?3.

CONCLUSION

Driving the initial 3km long section proved that the appli-
cation of the Earth Pressure Balance TBM to the environment
formed by weak shales was a technological option which tur-
ned out to be correct, in particular in the geologically highly
variable environment with characteristic occurrence of
instable fault zones with increased groundwater inflows.
These conditions led to an increase in the extent of excavati-
on in the closed mode, requiring higher degree of safety at
work when cutting tools were to be replaced.

At the end of January 2016, Viktorie tunnel boring
machine arrived at the environment formed by spilite. The
mode will be changed over to hard rock mode for that rea-
son. Driving the tunnel through totally different geological
environment and using the structurally modified machine
will bring new challenges, new approaches and new know-
ledge.
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GEOTECHNICKE RIZIKO: JAK TO VIDI SOUDCI?
GEOTECHNICAL RISK: WHAT JUDGES THINK ABOUT IT?

DAVID HRUSKA, LUKAS KLEE

ABSTRAKT

Vystavba v podzemi se nepochybné odlisuje od ostatnich druhu vystavby. Tykd se to zejména tuneli, ale také napriklad hlubokych
stavebnich jam a obecné praci specidlniho zakldddni. Fyzické prostredi, ve kterém vystavba probihd (hmotné, tzn. fyzické podminky
stavenisté), je riznorodé a pred zahdjenim jen omezené poznatelné. Konecnou podobu podzemniho dila definitivné uréuje aZ vysledek
vzdjemné interakce prirodniho a lidského faktoru. Smlouvy o vystavbé v podzemi se 7z téchto ditvodii museji vyrovnat s vy$§i mirou rizi-
ka, které nelze nikdy zcela vyloucit. Ucelné alokovat geotechnické riziko mezi iic¢astniky vystavbového projektu je tudiz iikol, ktery pre-
vaZuje nad ostatnimi aspekty ovldddni rizik v podzemnim stavitelstvi. Jak na problematiku alokace geotechnického rizika pohliZeji
zahranicni pravni Fddy napric pravaimi systémy? Jaké zdvery lze dovodit z judikatur obecnych soudii jako dileZitych pramenii prdva?
Jakou roli hraji pri posuzovdni spori obchodni zvyklosti a odvétvové standardy? Existuji néjakd standardni odvétvovd pravidla pro
alokaci geotechnického rizika? Takovd a souvisejict témata jsou hlavni ndplni tohoto ¢ldnku.

ABSTRACT

Underground construction obviously differs from other types of construction. This applies in particular to tunnels, but also, for exam-
ple, to deep pits and generally to special foundation works. The physical environment in which the construction takes place (material,
i.e. the physical site conditions) is diverse and recognizable to a limited extent before the commencement of works. The final shape of
underground work will result from the mutual interaction 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 efficient allocation of the geotechnical risk to
the participants of construction project is therefore a task that overrides other aspects of managing risk in underground construction.
How is the issue of geotechnical risks allocation viewed by foreign laws across legal systems? What findings can be derived from the
case law as the important source of law? What is the role of lex constructionis in assessing of disputes? Are there any industry stan-

dards concerning allocation of geotechnical risks? This and related topics are the main content of this article.

uvob

Geotechnické riziko 1ze definovat jako pravdépodobnost, Ze
béhem vystavby nastanou odlisné fyzické podminky stavenis-
té od téch predpoklddanych, vyndsobend ocekdvanou Skodou,
pokud by tyto odlisné podminky skutecné nastaly. Riziko
v tomto ¢lanku proto budeme chédpat predevs§im jako ekono-
mickou kategorii, nikoli technickou ¢i bezpecnostni. Nosite-
lem tohoto rizika je potom logicky ten, kdo musi snédSet eko-
nomicky nepfiznivé nasledky vyskytu tohoto rizika.

Nastrojem pro ovladnuti geotechnického rizika je vytvoreni
tandemu smluvnich ustanoveni (a souvisejicich ddaju o sta-
venisti) definujicich (i) ,,smluvni geotechnické podklady“
a (ii) kompenzace za ,,odlisSné podminky staveniste“. Klicem
k Tizeni geotechnického rizika je potom pochopeni dvojjedi-
nosti a neoddélitelnosti tohoto tandemu.

Tato praxe byla zfejmé poprvé systematicky zavedena
v USA, a to po $iroké odvétvové diskusi. Udaje definujici (i)
,, smluvni geotechnické podklady* zde byly pojmenovany jako
»Geotechnical Baseline Report“ (zkrdcené ,,GBR*). Tento
dokument musi pripravit objednatel v ramci zadani vystavbo-
vého projektu a musi v ném definovat mezni hodnoty pro alo-
kaci rizika geotechnickych podminek. Jde v podstaté
o parametrickou alokaci rizika, ktera vychazi z predpokladu,
7e nepredvidatelnd geotechnickd rizika jsou rizikem objedna-
tele. Smyslem ,,GBR* je fungovat ruku v ruce se smluvnim
ustanovenim o (ii) odliSnych podminkach stavenisté tzv.
., Differing Site Conditions Clause* (zkracené ,,DSC*). V do-
loZce ,,DSC “ se strany typicky dohodnou, Ze jiné (odliSné) neZ
predpokldadané geotechnické podminky jsou rizikem objedna-
tele. Ugelem ,,DSC* je pak odstranit nejistotu z pohledu zho-
tovitele, a timto univerzdlné chranit vefejné prostredky pro-
stfednictvim minimalizovani vySe jeho spekulativnich riziko-
vych nédkladovych prirdzek.() Tento koncept vychazi z obecné
uznavaného nazoru, Ze vlastnictvi pozemku staveni$té znamena

INTRODUCTION

A geotechnical risk can be defined as the probability that diffe-
rent physical site conditions than those foreseen will appear during
construction, multiplied by the expected damage, should these dif-
ferent conditions really be encountered. In this article, the risk will
mainly be perceived as an economical category, not any technical
or safety-related one. Such a risk is naturally to be borne by the one
who has to withstand the economically adverse implications of the
related occurrence.

As a geotechnical risk management tool, a tandem of contractual
provisions (and related data) defining (i) “contractual geotechnical
bases” and (ii) compensations for “different site conditions”
should be set up. A key to geotechnical risk management is then
comprehension of this tandem’s ambivalence and non-severability.

This practice has obviously been first implemented as systematic
in the U.S., following extensive industry-wide talks. The data that
define (i) the “contractual geotechnical bases* have started being
called here as the “Geotechnical Baseline Report” (“GBR* in
short). The employer must prepare this document within the con-
struction project procurement, having to define therein the geotech-
nical conditions risk allocation limits. This is actually a parametric
risk allocation that presumes the unforeseeable geotechnical risks
on the employer’s side. The purpose of “GBR“ is to work hand in
hand with the contractual provision on (ii) different site conditions,
so-called ,, Differing Site Conditions Clause“ (“DSC* in short). In
the "DSC* clause, the parties will typically agree that the other
(different) than foreseen geotechnical conditions will form the
employer’s risk. The purpose of “DSC* is then to eliminate uncer-
tainty from the contractor’s viewpoint, and protect thus the public
funds by minimizing the level of speculative risky cost surchar-
ges.() This concept comes from a widely recognized view that the
ownership to the site land implies the ownership to its hidden risks.
These hidden risks (obstacles) may have a form of e.g. unknown
underground utility lines, different geotechnical (mainly geological
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i vlastnictvi jeho skrytych rizik. Skrytd rizika (prekdzky)
mohou byt napiiklad nezndmé podzemnf sité rozvoda, odli§né
geotechnické (predevsim geologické a hydrologické) podmin-
ky, balvany v podzemi, zneliSténi pidy, materidl, ktery mél
byt vytéZen a déle zabudovan, ale zjistilo se, Ze neni pro tyto
tcely vhodny apod.

Nas kontinentdlni pravni systém chépe stavenisté vcetné jeho
podlozi (tak, jak je popsano v zadéani zakdzky v&etné identifika-
ce znamych geotechnickych podminek a eventudlnich zndmych
prekazek apod.) jako véc — materidl, pfedany objednatelem zho-
toviteli k provedeni dila. Napr. judikatura Nejvy$siho soudu
v Rakousku na problematiku nahliZ{ jiz desitky let tak, Ze zemi-
na je ,,materidl dodany objednatelem “(2), a proto objednatel zod-
povida za jakékoliv nedostatky, které ovliviuji provedeni praci.
Tento ,,materidl “ zahruje i geotechnicky prizkum®) a stavebni
plany.® Zhotovitel ma pak povinnost tento ,, materidl“ primére-
né prezkoumat a objednatele pred moZnymi problémy varovat
(tzv. ,, Priif- und Warnpflicht* dle § 1168a ABGB). Zhotovitel ma
povinnost upozornit objednatele o vSech podezfenich, kterd ma
stran materidlu dodaného objednatelem, tedy napriklad
o chybdch v dokumentaci nebo jiz zminéné zeming, kterou
poskytl objednatel. Nicméné neéekané, nepredvidané a ne-
predvidatelné problémy a ndklady timto zptusobem vzniklé patif
standardné do sféry objednatele. Judikatura Nejvyssiho soudu
v Rakousku potvrdila, Ze zhotovitel neni povinen predpoklddat,
Ze je geologie mimoradné $patnd, a proto nemusi hledat nezndmé
vady.(® V podstaté to znamend, Ze zhotovitel nemusi v Zddném
pripadé predvidat nepredvidatelné a zndt neznamé, i kdyZ jsou
geotechnické prace predmétem jeho podnikdni. Kromé toho ma
zhotovitel prdvo spoléhat se na (vlastni) predpoklady a zku-
Senosti ziskané ,,na stavbdch ve stejné nebo srovnatelné lokali-
té“(©) bez nutnosti oCekdvat potize, se kterymi se nesetkal
jinde.(? Rovnéz v Némecku je povinnosti objednatele poskytnout
informace o geologickych a hydrogeologickych podminkéch na
staveniSti tak, aby bylo moZno transparentné vyhodnotit nabidku.
Neémedti soudci rozhodli napiiklad o neplatnosti ustanoveni:
,Zhotovitel se informoval o geologickych a hydrogeologickych
podminkdch na stavenisti, a proto nenuize poZadovat dodatecné
platby s temito spojené.“®)

Presto vSak objednatelé v nékterych piipadech, z ruznych
duvodu, do smluv priddvaji omezeni své odpoveédnosti (waiver,
disclaimer) napriklad tim zpusobem, Ze deklaruji tdaje
o zadavacich geotechnickych podminkdch pouze jako informa-
tivni, nabadaji zhotovitele k overeni identifikovanych geotech-
nickych hodnot, k provedeni vlastnich pruzkumt, nebo jedno-
duse prohldsi jakoukoliv zménu geotechnickych podminek od
téch prognostikovanych za rizika zhotovitele. Dochéazi pak
nutné ke sportim, ve kterych jsou zhotovitelé zpravidla dspés-
néjsi z davodu aplikace vySe popsanych obecnych prdavnich
zasad o vlastnictvi staveni$té a odpoveédnosti vlastnika za jeho
skryté nedostatky.

a

Viz napr. Olympus Corp. V. United States, 98 F.3d 1314, 1316-17 (Fed.

Ct. 1996) (,,Soutézitelé nemuseji nést naklady provadéni vlastnich pri-

zkumnych vrtd za Glelem eliminovéni rizika zastiZeni nepfiznivych

podminek v prostoru podpovrchového staveniste, ani nemuseji kalkulo-

vat vysi rizikové prirdzky, aby jejich nabidka pokryla toto riziko.”);

podobné téz Weeks Dredging & Contracting, Inc. v. United States,

13 C1. Ct. 193,219 (1987) a Foster Const. CA & Williams Bros. Constr.

v. United States, 435 F.2d 873, 887 (Ct. Cl. 1970).

@ Viz OGH 6 Ob 82/65 z 28. 4. 1965.

(3) Viz 6 Ob 274/04v z 19. 5. 2005.

) Viz 7 Ob 18/14v z 22.04. 2014.

() Viz 8 Ob 588/87 z 5. 11. 1987.

©) Viz 7 0b 502/79 z 6. 12. 1979.

(M Vice v Mesi¢, M., Raansky, V. Geotechnickd rizika v rakouském
pravu. Stavebnictvi, ¢. 6-7, 2015, s. 62-63.

®) Vygen, K., Joussen, E. Bauvertagsrecht nach VOB and BGB Handbuch

des privaten Baurechts. Fifth Edition. Werner Verlag: Koln 2013.

and hydrological) conditions, underground boulders, subsoil conta-
mination, the material that ought to have been extracted and re-
imbedded, but found thereafter as unsuitable for this purpose, etc.

Our continental law system perceives the site as including its subso-
il (as it is described in the project specifications, including the identifi-
cation of any known geotechnical conditions and obstacles, if any, etc.)
as a thing — material, handed by the employer over to the contractor for
execution of the work. Case law of the Supreme Court in Austria, for
example, have viewed the issue for decades already the way that the
earth is the “employer-delivered material “(?), and the employer is the-
refore responsible for any discrepancies that will affect execution of
the works. This ,,material“ includes even the geotechnical prospec-
ting® and construction plans.) The contractor is then obliged to rea-
sonably explore this “material* and warn the employer of potential
problems (so-called “Priif- und Warnpflicht“ to § 1168a ABGB). The
contractor is obliged to remind the employer of all the suspicions he
has around the employer-delivered material, such as of any documen-
tation errors or of the aforementioned earth the employer has provided.
Nevertheless, the unexpected, unforeseen issues and costs, when
brought about in this way, are normally within the employer’s scope of
responsibilities. Case law of the Supreme Court in Austria have certi-
fied that the contractor is not obliged to presume the geology as extre-
mely bad, and does not therefore need to look for any unknown
defects.(® It means, in fact, that the contractor never needs to foresee
the unforeseeable and know the unknown even though the geotechni-
cal conditions form subject of his business. Moreover, the contractor
has the right to rely on (his own) presumptions and experience attained
“on the construction site in the same or commensurate locality“(© wit-
hout being obliged to expect the troubles he failed to encounter any-
where else.(7) In Germany, it is also the employers’ duty to provide
information on the on-site geological and hydro geological conditions
and enable thus transparent bid assessment. The German judges have,
for example, decided on voidness of the provision: “The contractor
has inquired about the on-site geological and hydrogeological condi-
tions, and may not therefore claim any related additional payments.“®)

Despite that, however, the employers sometimes add, for various
reasons, to the contracts their responsibility limitations (waiver,
disclaimer), e.g. by declaring the data of the specifying geotechni-
cal conditions as indicative only, encouraging the contractors to
verify the identified geotechnical values, to perform their own pro-
specting, or simply declare any change in the geotechnical condi-
tions versus the initial prognosis as belonging to the contractor’s
risks. This then must result in disputes in which the contractors
mostly succeed due to application of the above-described general
law tenets on the site ownership and on the owner’s responsibility
for its hidden drawbacks.

It is the ambition of this article to analyze the legal
context in which the tandem of the geotechnical risk regulating
provisions is construed and applied by the dispute resolution bodi-
es. The article will also focus on the particular dispute details,
which will illustrate the logics the judges abide by while adjudica-
ting on the geotechnical risk allocation.

(1) See e.g. Olympus Corp. v. United States, 98 F.3d 1314, 1316-17 (Fed.
Ct. 1996) (“The bidders need not weigh the cost and ease of making
their own borings against the risks of encountering an adverse subsur-
face, and they need not consider how large a contingency should be
added to the bid to cover the risk.”); similarly also Weeks Dredging &
Contracting, Inc. v. United States, 13 CI. Ct. 193, 219 (1987) a Foster
Const. CA & Williams Bros. Constr. v. United States, 435 F.2d 873, 887
(Ct. CI. 1970).

(2 See OGH 6 Ob 82/65 of 28. 4. 1965.

() See 6 Ob 274/04v of 19. 5. 2005.

) See 7 Ob 18/14v of 22. 04.2014.

() See 8 Ob 588/87 of 5. 11. 1987.

© See 7 Ob 502/79 of 6. 12. 1979.

(D More details in MeSi¢, M., Ralansky, V. Geotechnickd rizika

v rakouském pravu. Stavebnictvi, no. 6-7, 2015, p. 62-63.

Vygen, K., Joussen, E. Bauvertagsrecht nach VOB and BGB Handbuch

des privaten Baurechts. Fifth Edition. Werner Verlag: Koéln 2013.
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Clének si klade za cil analyzovat, v jakém pravnim kontextu
je tandem ustanoveni regulujicich geotechnické riziko vykla-
dén a aplikovédn orgédny pro feSeni sporu. Pfitom se soustiedi
na detaily konkrétnich sporl, které ndzorné ilustruji, jakou
logikou se soudci pri rozhodovani o alokovéni geotechnického
rizika ridi.

PUVOD TANDEMU SMLUVNICH USTANOVEN(
REGULUJICICH GEOTECHNICKE RIZIKO

Prvni smluvni konstrukce definujici ,,smluvni geotechnické
podklady“ — ,,Geotechnical Baseline Report* a ,,0dlisné pod-
minky stavenisté“ , Differing Site Conditions Clause“ byly
v USA vytvofeny uz v roce 1921, a to statni komis{ zfizenou
orgdnem pro rozpoctovou politiku (U.S. Bureau of the
Budget). Tato ustanoveni byla v roce 1926 zahrnuta do vzoro-
vé standardizované smlouvy, kterd byla schvdlena prezidentem
USA pro federdlni vystavbové projekty. Nédsledné se ustanove-
ni zavedla do v podstaté vSech respektovanych standardizova-
nych vzort v USA (jako jsou i napriklad vzory AIA). Smyslem
téchto ustanoveni je uréit spravedlivy smluvni podklad pro
kompenzaci zhotovitele v pfipadé, Ze pri vystavbé zaznamena
hor$i podminky neZ ty predpokladané ve smlouvé. Aby byl
zhotovitel v ndroku na kompenzaci za zastizeni ,,odlisnych
podminek staveniste“ Gspésny, musi prokdzat pet podstatnych
nalezitosti,(9 predné vSak skutecnost, zdali smluvni dokumen-
tace presveédCivé popisuje geotechnické podminky, nebo ne,
a jestli ano, tak do jaké miry. Standardni ustanoveni pouZiva-
né v USA je obdobné jako podcl. 4.12 CONS/1999 Red Book
FIDIC a P&DB/1999 Yellow Book, tzn. ,nepredvidatelné
fyzické podminky“ (Unforeseeable Physical Conditions).

Praxe pouZiti ,, Geotechnical Baseline Report* byla zavede-
na predevsim z duvodu, Ze bez stanoveni vychozich geotech-
nickych podminek, pravidel a meznich hodnot dochazelo
k velkému mnoZstvi sporu. Jesté v 70. a 80. letech se vétSina
claimi z duvodu odlisnych podminek stavenisté feSila
u soudu. Negativni nasledky pro vSechny zicastnéné inZenyry
pak byly hlavnim davodem zmény. Jeden z hlavnich zdvéru
zpravy vydané U.S. National Committee on Tunnelling
Technology (USNCTT), vypracované pro zjiSténi a odstranéni
neuspokojivého stavu, s ndzvem , Better Contracting for
Underground Construction* byl uz v roce 1974 nasledujici:

,» ... V PFipadeé, Ze vSichni uchazedi mohou zaloZit své odhady
na dobre definovaném popisu fyzickych podminek stavenisté
s ujisténim, Ze v pripade, Ze budou zastiZené podminky jiné,
dostane zhotovitel spravedlivou kompenzaci, pak objednatel
obdrZi nejnizsi rozumné ceny bez rizikovych prirdZek.“

Nésledné aktualizace této zprdvy, dalSi zpravy a navazujici
vyzkumy vedly k jednozna¢nému potvrzeni této mySlenky.

Bylo tedy nutné zavést standard, ktery urci, co jsou ony
predpoklddané geotechnické podminky. Timto standardem se
stala pravé smluvni konstrukce definujici vychozi smluvni
geotechnické podklady — ,, Geotechnical Baseline Report“. Pri
jejim pouziti pak musi smlouva obsahovat kromé pdrové
dolozky o odliSnych podminkdch staveniSté i mechanismus
uréeni (predevS§im méreni a ocenéni) ohodnoceni nepredpokla-
daného stavu. Dodatecné penize a Cas ur€ené timto mechanis-
mem musi objednatel zhotoviteli zaplatit ze své rezervy.

) Zhotovitel musi prokdzat, Ze (1) smluvni dokumenty obsahuji presvéd-
¢ivé informace popisujici podpovrchové podminky; (2) jednal jako
uchaze¢ v tendru s priméfenou opatrnosti pri interpretaci zaddvacich
smluvnich dokumentt; (3) spoléhal se s pfiméfenou opatrnosti na infor-
mace obsazené ve smluvnich zaddvacich dokumentech; (4) skute¢né
zastizené podpovrchové podminky se podstatné 1is{ od téch popsanych
objednatelem a (5) dodate¢né ndklady vynaloZené v souladu se smlou-
vou maji pri¢inou souvislost s odlisnymi podminkami staveni§té. Viz
také Weeks Dredging & Contracting, Inc. v. United States, 13 CI. Ct.
193, 208 (1987).
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ORIGINS OF THE TANDEM OF THE GEOTECHNICAL
RISK REGULATING CONTRACTUAL PROVISIONS

The first contractual structures define the “contractual geotech-
nical bases*“ — “Geotechnical Baseline Report* and “different site
conditions“. The “Differing Site Conditions Clause “ was set up in
the U.S. as early as in 1921, in particular by the U.S. Bureau of the
Budget. In 1926, these provisions were made part of the standardi-
zed form of contract the U.S. approved for the federal constructi-
on projects. Thereafter, the provisions found their way into actual-
ly all the respectful standardized samples in the U.S. (such as those
called AIA). The purpose of these provisions is to determine a fair
contractual base for the contractor’s compensation should the con-
struction efforts witness any worse conditions than those foreseen
in the contract. To succeed in exercising his claim for being com-
pensated for having encountered any “different site conditions*
the contractor must prove five substantial things,(® mainly whet-
her or not and to what extent the contractual documents give con-
sistent account of the geotechnical conditions. Used in the U.S.,
the standard provisions are similar to those under Clause 4.12
CONS/1999 Red Book FIDIC and P&DB/1999 Yellow Book,
i.e. “Unforeseeable Physical Conditions” .

The practical use of the “Geotechnical Baseline Report™ was
mainly introduced to avoid the disputes that had appeared in large
numbers due to undetermined initial geotechnical conditions,
rules, and limits. Still in the 70s’ and 80s’, majority of claims
because of the different site conditions were settled by litigation.
Adverse consequences for all the engineers participated were then
main reasons behind the change. One of the main conclusions of
the report published by U.S. National Committee on Tunnelling
Technology (USNCTT), prepared to find out and rectify the unsa-
tisfactory state of things, called “Better Contracting for
Underground Construction“ read as follows in 1974:

“...if all bidders can base their estimates on well defined set of
site conditions with assurance that equitable reimbursement will
be made when changed conditions are encountered, the owner will
receive the lowest reasonable bids with a minimum of contingency
for unknows.“

The subsequent updates of this report, additional reports, and rela-
ted researches led to an unambiguous confirmation of this notion.

It was therefore necessary to introduce the standard that would
clarify those foreseeable geotechnical conditions. Just the contrac-
tual structure defining the initial contractual geotechnical conditi-
ons — “Geotechnical Baseline Report“ became this standard.
When used, the contract must contain not only the pair clause on
different site conditions, but also the mechanism as how to deter-
mine (mainly measure and assess) an unforeseen condition. The
employer must compensate the contractor for extra money and
time, as specified by this mechanism, from his reserve.

Geotechnical Baseline Report is therefore mainly used by:

¢ the designer to assess the foreseen construction cost, inclu-

ding the employer’s budget reserve;

e the applicant to assess the geotechnical risks allocated to the

contractor;

e the contractor to select the construction processes and equip-

ment;

e the contract administrator to assess the subsoil conditions and

identify the unforeseen (different) physical site conditions
during the course of construction;

9 The contractor must prove that (1) the contractual documents contain
the conclusive information on the sub-surface conditions; (2) he acted
as a tender applicant with a reasonable care while interpreting the pro-
curement contractual documents; (3) he relied with a good deal of pre-
caution on the information contained in the procurement contractual
documents; (4) the actually encountered sub-surface conditions sub-
stantially differ from those described by the employer, and (5) the addi-
tional cost incurred in accordance with the contract have a casual rela-
tion to the different site conditions. See also Weeks Dredging &
Contracting, Inc. v. United States, 13 CI. Ct. 193, 208 (1987).
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Geotechnical Baseline Report tedy predev§im pouZziva:

e projektant pro ocenéni predpoklddanych nédkladu vystav-

by, vCetné rezervy rozpoctu objednatele;

¢ uchaze¢ pro ocenéni geotechnickych rizik, ktera jsou alo-

kovana zhotoviteli;

e zhotovitel pro vybér postupt vystavby a vybavent;

e spravce zakazky pro ohodnoceni podminek podlozi

a identifikaci nepredvidanych (odlisnych) fyzickych pod-
minek staveni§té v prubéhu vystavby;

¢ kdokoli z Gcastniku pfi feSeni sport ve véci nepredvida-

nych (odlinych) fyzickych podminek stavenisté.

Pokud budeme konfrontovat podstatu americké ,, Geotechnical
Baseline Report* s podstatou kontinentdlniho standardu ,, Euro-
kod 7: Navrhovdni geotechnickych konstrukci*, nalezneme
nékolik rozdilu. Zatimco cilem GBR je fizeni rizik a jejich alo-
kovani mezi objednatele a zhotovitele, cilem Eurokddu 7 je stan-
dardizace projektovdni geotechnickych konstrukci. GBR pracuje
se smluvné dohodnutymi hodnotami geotechnickych parametrt,
které tvori zdvazny pravni podklad pro spravedlivé financovan{
vystavby a pro kompenzaci ndkladi zhotovitele spojené
s vyskytem geotechnického rizika béhem realizace vystavby.
Prostiednictvim GBR se odli$né podminky staveniste identifiku-
ji a kvantifikuji. Eurokod 7 naproti tomu pracuje s odvozenymi,
charakteristickymi a ndvrhovymi hodnotami geotechnickych
parametrU, které jsou rozhodné pro bezpecny nédvrh geotechnic-
ké konstrukce (statické vypocty apod.). Tyto geotechnické para-
metry by mély co nejvystiznéji popsat fyzikédlni podstatu prislus-
né vlastnosti hornin ve vztahu ke stavebni konstrukci a mély by
ze statického hlediska zajistit jeji bezpecny a ekonomicky ndvrh.

JAK PRIPRAVIT FUNKCNI DOLOZKY PRO RIZENI
GEOTECHNICKEHO RIZIKA?

V manuadlu ,, Geotechnical Baseline Report for Underground
Construction*, ktery vydala specidlni komise ASCE (American
Society of Civil Engineers) v roce 1997, jsou popsdny duvody,
pro¢ se tato praxe zavedla, jak GBR pripravit a jak ji pouZivat
(vCetné check-listt). Zakladnim doporuenim je pripravit
dokument jednozna¢ny a precizni. V Zddném pripade to oviem
neznamend, Ze musi byt rozsdhly (doporucuje se 30 az 50 stra-
nek). Neznamend to také samoziejmé, Zze podminky popsané
v GBR budou odpovidat realité, nebot’ jsou vZdy pouze odha-
dem geotechnickych podminek na zdkladné maximalné pocti-
vého usili. GBR musi zpracovat tym kvalifikovanych odborni-
ku za pouZiti jednoznaénych zdvéru bez subjektivnich (jako je
,hodné“, ,,mélo*“ apod.) a nejasnych (jako je ,,muze* a ,,mél
by*) vyjadreni. GBR musi byt tzce propojena s projektovou
dokumentaci, postupy vystavby, metodou mereni a ocenovani
a platebnimi podminkami. Odli$né podminky, nez ty predpo-
klddané v GBR, nejsou zdsadné vadou projektové dokumenta-
ce. Neni tedy v zdsadé (pri dodrZzeni povinnosti fadné péce pro-
jektantem nebo geotechnikem) mozné vyuZit pojisténi (nebo
regresivni ndroky) na projektanta nebo geotechnika.

Objednatel proto musi vénovat dostatek penéz a ¢asu na pri-
pravu, tzn. predev§im geotechnické pruzkumy a zpracovani
zaddavaci projektové dokumentace, vybrat kvalifikované kon-
zultanty a diskutovat s nimi mezni hodnoty stanovené v GBR,
nastavit efektivni systém méfeni dila prostfednictvim vhod-
nych polozkovych cen, oteviené diskutovat rizika a udaje
s uchazeci a Gcastniky vystavby, chapat nepredvidatelnost geo-
technickych rizik, kompenzovat zhotovitele pri zaznamenan{
odlisnych podminek, nez popsanych v GBR, a udrZovat rezerv-
ni fond (ve vysi podle rizikovosti projektu).

V GBR se napriklad ur¢i predpokladany pocet velkych bal-
vanu v podloZi a rozsah napfiklad razby v jednotlivych tfiddch
tvrdosti podlozi. Tento predpoklad zhotovitel oceni. Je oviem
témer jisté, Ze realita bude odliSna. Proto zhotovitel dostane

e any of the participants in adjudicating the disputes about any

unforeseen (different) physical site conditions.

Juxtaposing the very essence of the U.S. “Geotechnical
Baseline Report (GBR)“ to that of the continental standard
”Eurocode 7: Geotechnical Design* will result in several diffe-
rences. While GBR is a risk management practice and risk alloca-
tion between the employer and the contractor, the Eurocode 7 is to
standardize the geotechnical structure designs. GBR handles the
contractually agreed values of the geotechnical parameters that
constitute a legally obliging base for fair financing of
a construction project and for compensating the contractor for the
cost incurred in connection with the geotechnical risk occurrence
during execution of a construction work. Different site conditions
are identified and quantified through the GBR. On the contrary, the
Eurocode 7 handles the derived, typical, and design values of the
geotechnical parameters, which are vital for a safe design of
a geotechnical structure (structural analysis, etc.). These geotech-
nical parameters should give the most pertinent account of the rele-
vant rocks, their physical composition in connection with the buil-
ding structure and should provide, from the structural viewpoint,
for its safe and cost-saving design.

HOW TO PREPARE FUNCTIONAL CLAUSES FOR
GEOTECHNICAL RISK MANAGEMENT?

The manual “Geotechnical Baseline Reports for Underground
Construction®, issued by a specialized body ASCE (American
Society of Civil Engineers) in 1997, gives account of the reasons
why these practices were introduced, instruction as how to prepa-
re and use such a GBR (including its checklists). Main recommen-
dation is to prepare the document as unambiguous and precise. It,
however, never implies that the document must be extensive (it
should have 30 to 50 pages). It does not obviously mean that the
conditions described in the GBR will reflect reality, as being
always just an estimate of the geotechnical conditions, based on
utmost fair efforts. GBR must be prepared by a team of skilled
experts using the unambiguous conclusions, free of any parti-
al/biased (such as “many”, “a little”, etc.) and unclear (such as “he
can” and “he should”) wordings. GBR must be closely connected
with the design documents, construction processes, measu-
ring/pricing methods, and payment conditions. Different conditi-
ons from those foreseen in the GBR are not actually any defects in
the design documents. It is therefore not possible in fact (subject to
adherence to compulsory proper care by the designer or geotech-
nician) to make use of a designer’s or geotechnician’s insurance
(or regressive claims against him).

The employer must therefore invest enough money and time in
preparations, i.e. mainly of the geotechnical prospecting and dra-
wing up of the procurement documents, select skilled consultants
and discuss with them the limits set forth in the GBR, set up an
efficient work measuring system based on the item prices, discuss
overtly the risks and data with the applicants and construction par-
ticipants, perceive unforeseeable nature of the geotechnical risks,
compensate the contractor whenever different conditions from
those described in the GBR appear, and maintain the reserve fund
(at the level depending on the project risks).

A GBR shall, for example, specify a foreseeable number of large
boulders in subsoil and scope of e.g. tunneling by the individual
subsoil hardness classes. The contractor shall assess such
a presumption. The reality will almost certainly be different. This
is why the contractor shall receive payment depending on the
encountered number of boulders and actual scope of tunneling in
the individual classes. The test boreholes cannot find out exact
number of these subsoil boulders. There may be e.g. 100 to 300 of
them. The risk can be allocated parametrically and the extent to
which it is to be borne by the contractor determined. Let us assu-
me 100 boulders as per GBR, but with up to 110 of them for which
the contractor may not claim any additional payment or time. Or,



zaplaceno podle zastizeného po&tu balvanu a skute¢ného roz-
sahu razby v jednotlivych tfiddch. Prizkumnymi vrty nelze
zjistit presny pocet balvanu v podloZi. Muze jich byt napriklad
100 az 300. Riziko se muZe alokovat parametricky a ur¢it, do
jaké miry ho nese zhotovitel. Naptiklad predpoklad poctu bal-
vanu v GBR je 100, ale a7 do po¢tu 110 balvani nemuZe zho-
tovitel narokovat dodate¢nou platbu a Cas. Nebo napriklad
GBR urti predpoklad rozsahu 1. tfidy tvrdosti podloZi na 35 %
z celkového rozsahu, ale a7 do vyse 40 % nemuZe zhotovitel
ndrokovat dodate¢nou platbu a Cas. Dal$i moZnosti je, Ze
v GBR bude predpokldddno ,,bezpecné* mnozstvi balvanu
(napr. 300) a zhotovitel musi ocenit ndsledky tohoto predpo-
kladu ve své nabidce. OvSem v tomto pripadé muZe byt objed-
natel v riziku, Ze zaplati za odstranéni vét§iho mnoZstvi balva-
na, nez se bude ve skute¢nosti v podloZi nachdzet. Bezpe&néjsi
nastaveni GBR bude na druhou stranu znamenat méné zmén
dila (variaci) a mensi odchylku od nabidkové ceny.(10)

Pravé urceni meznich hodnot v GBR bude duleZitym téma-
tem pro konzultace s objednatelem. Vefejni objednatelé maji
standardné problém s pripravou a Cerpanim odpovidajicich
rozpoCtovych rezerv. OvSem efektivni nastaveni GBR predpo-
klada feSeni neurcitosti a nejistot geotechnickych podminek
pravé prostiednictvim &erpani rezervy. Cerpani rezervy pak
nemuZe byt vnimano negativné jako prekro&eni predpoklddané
ceny. To musi respektovat i spravce zakazky. Objednatel tedy
musi predev§im vyfesit otdzku zajisténi rezervy a jejiho efek-
tivniho Cerpani.(1D

KONKRETNI PRIPADOVE STUDIE

Na zdkladé téchto teoretickych vychodisek je dulezité si
uvédomit, Ze autorem smluvnich doloZek definujicich ,, smluv-
ni geotechnické podklady* a podstatu kompenzace za ,,odlisné
podminky stavenisté“ je typicky geotechnicky inZenyr, nikoli
pravnik. Typickym hodnotitelem jejich urcitosti, vynutitelnos-
ti a spravedlnosti je zase Casto pravnik, nikoli geotechnicky
inZenyr. Naplnéni deklarovaného cile efektivné alokovat geo-
technické riziko je tedy zavislé nejen na technické expertize
a formula¢nich schopnostech geotechnického inZenyra, ale
rovneZ na jeho peclivém uvdzeni, jak bude vlastné vystup jeho
snahy interpretovdn prdvnikem — casto soudcem. Teprve
potom bude geotechnicky inzenyr schopen vytvorit dokument,
ktery bude spliiovat svij zamysleny dcel.

A. Priklady neti€elnych zplsobt alokace geotechnického rizika

Zatneme s nékolika demonstrativnimi pfipady — napri¢
pravnimi systémy, ve kterych soudci posoudili pokusy objed-
natele o alokaci rizika geotechnickych podminek za nevynuti-
telné, zmatecné, netransparentni, neurcité nebo jednoduse
nespravedlivé:

Pripadova studie #1 z USA: Metcalf Construction Co.,
Inc. v. United States (U.S. Ct. of Appeals for the Federal
Circuit, Case No. 2013-5041, Feb. 11, 2014)

Predmétem smlouvy byla vystavba aredlu vojenského
namornictva v Kaneohe Bay na Havaji metodou dodéavky
Design-Build. Zhotovitel zastihl rozpinavé zeminy, které pri
styku s vlhkem bobtnaly a zpusobovaly trhliny v betonovych
zakladech. Rozsah rozpinavych zemin byl vétsi, nez predpo-
kladala geotechnickd zprava objednatele. Nicméné tato zprava
rovnéz uvadéla, Ze obsahuje ,,pouze predbézind informativni*
(indikativni) data urend pouze pro ucely sestaveni nabidky,

(10) Viz Klee, L. Stavebni smluvni pravo. Wolters Kluwer CR, a. s.: Praha
2015.
(I SCE (American Society of Civil Engineers): Geotechnical Baseline

Reports for Underground Construction: Guidelines and Practises. New
York, 1997.
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for example, the GBR will determine the presumed portion of the
hardness class 1 at the level equal to 35% of the entire contents,
but the contractor may not claim any additional payment or time
up to the level of 40%. Another option is that the GBR will presu-
me a “safe* quantity of boulders (such as 300) and the contractor
must include the consequences of this presumption in his bid.
Then, however, the employer might face the risk of paying for
removal of a larger number of boulders than really encountered in
the subsoil. Safer setup of the GBR will, on the other hand, imply
fewer variations to the work and lower deviation from the bid
price.(10)

Just the specification of limits in the GBR will constitute a vital
issue to be consulted with the purchaser. Public employers nor-
mally find it problematic to prepare and withdraw from the rele-
vant budget reserves. But setting efficiently a GBR presumes the
contingencies and uncertainties in geotechnical conditions to be
settled just through withdrawals from reserves. These withdrawals
cannot then be perceived adversely as reaching in excess of the
presumed price. Even the contract administrator must respect this.
The employer must therefore mainly settle the issue of reserves
and withdrawals from them.(ID

PARTICULAR CASE STUDIES

With these theories in mind it is important to remember that aut-
horship to the contractual clauses that define the “contractual geo-
technical bases” and very nature of compensation for “different
site conditions” typically belongs to a geotechnical engineer, and
not any lawyer. And on the contrary, a lawyer, not any geotechni-
cal engineer is often a typical evaluator of their definiteness, enfor-
ceability, and fairness. Fulfillment of the pre-declared objective to
efficiently allocate a geotechnical risk therefore depends not only
on a technical expertise and conceptual skills of the geotechnical
engineer, but also on his careful considerations as how the outco-
mes of his endeavor is to be interpreted by the lawyer — frequent-
ly a judge. The geotechnical engineer will only then be able to
draw up the document that will meet its intended purpose.

A. Examples of Purposeless Geotechnical Risk

Allocation Methods

Take, at first, some demonstrative examples — across the law
systems in which the judges assessed the employer’s geotechnical
risk allocation attempts as non-enforceable, confusing, non-trans-
parent, indeterminate or simply as unfair:

Case Study #1 form the U.S.: Metcalf Construction Co., Inc.
v. United States (U.S. Ct. of Appeals for the Federal Circuit,
Case No. 2013-5041, Feb. 11, 2014)

Construction of the U.S. Navy compound in Kaneohe Bay
(Hawaii), using the Design-Build method, was subject of contract.
The contractor encountered the expansive rocks that swelled in
contact with moisture and caused fissures in the concrete founda-
tions. These expansive rocks appeared in larger amounts than fore-
seen in the employer’s geotechnical report. Nevertheless this
report also pre-advised to contain just some indicative data”for
preliminary information only” to meet the bid completion purpo-
ses, and that the contractor is obliged to carry out his own soil
investigation. The court of appeal proclaimed the employer’s
objective to forestall the contractor’s claims for different (other
than foreseen or locally typical) site conditions as unfair. While
arguing, the court of appeal mentioned that a public employer can-
not relieve itself of responsibility for its project procurement docu-
ments (including the geological prospecting), arguing that they are

(10) See Klee, L. Stavebni smluvni pravo. Wolters Kluwer CR, a. s.: Praha
2015.

(I ASCE (American Society of Civil Engineers): Geotechnical Baseline
Reports for Underground Construction: Guidelines and Practises. New
York, 1997.
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a 7e zhotovitel je povinen si ucinit vlastni nezdvislé pruzkumy.
Odvolaci soud prohldsil cil objednatele zamezit timto zpuso-
bem claimim zhotovitele pro odlisné (neZ predvidané nebo
mistné obvyklé) podminky staveniSteé za nepoctivy. Odvolaci
soud pfi argumentaci zminil, Ze vefejny objednatel se nemuZe
zbavovat odpoveédnosti za svou zaddvaci projektovou doku-
mentaci (v&etné geologickych prazkumu) s argumentem, Ze jde
pouze o informativni (indikativni) data urend pouze pro tcely
sestaveni nabidky. Podstatou net¢inného zbaveni se odpovéd-
nosti objednatele byla mimosmluvni povinnost objednatele jed-
nat v dobré vife a v souladu s poctivym obchodnim stykem
(implied duty of good faith and fair dealing). Soudci se rovnéz
pozastavili nad nekompetentnim, komplikovanym a prili§ hor-
livym postojem odpovédného zaméstnance objednatele, ktery
vice nez rok odmital vySetfit podstatu fddné predklddanych
néroku zhotovitele v celkové vy$i 27 mil. $ (nabidkova hodno-
ta zakdzky byla 49 mil. $) a misto toho tvrdil, Ze mezi zaddva-
cimi a zastizenymi geotechnickymi informacemi neni rozdil.
Takovy postup objednatele soudce oznacil za neprofesiondlni.

Ackoli zhotovitel byl ve sporu v plné mife ispésny, mohlo
toto vitézstvi uz pouze CasteCné zhojit bremeno jeho ekono-
mické ztrdty a dal$ich nepfijemnosti, které musel nést po 12 let
trvani sporu. Zhotovitel podal nabidku v roce 2001 a nebyl
puvodné vybrdan objednatelem jako nejvhodnéjsi. Zakédzku
zhotovitel ziskal aZ po podédni opravnych prostiedku, price
zahdjil v roce 2003 a vystavbu dokoncil v roce 2007. Konecny
verdikt byl potom po vy&erpani justi¢nich opravnych prostred-
ku vydén az po dalSich 7 letech.(12)

Pripadova studie #2 z Rakouska: Rozsudek Nejvyssiho

soudu v Rakousku 6 Ob 274/04v z 19. 5. 2005

Rakouské vzorové smlouvy vypracované Rakouskym nor-
malizaénim institutem (Austrian Standards Institute)(13)
i obecnd rakouska pravni praxe(14 alokuji geotechnické riziko
objednateli za predpokladu, Ze zhotovitel priméfené prezkou-
mal geotechnikou dokumentaci predanou objednatelem
a varoval ho pred moznymi problémy. Vyskytuji-li se v dané
smlouvé odlisnd smluvni ujednéni od téch doporuc¢enych, musi
byt vzdy spjata se zvySenou ndhradou zhotoviteli za prevzeti
daného rizika. Ndsledujici pripad demonstruje, jaké neptiznivé
nasledky a nejistotu pro vystavbovy projekt miZe vyvolat
pokus odchylit se od normy, tedy netradi¢né prenechat geo-
technické riziko zhotoviteli.

Predmétem dila byla vystavba zdravotnického stfediska ve
mésté Zell am See za pausdlni cenu. Z geologického hlediska
lezi mésto v alpském tdoli, kde se v prabéhu stfiddn{ dob ledo-
vych znaéné ménila rychlost proudéni povrchovych vod. To
mé za pri¢inu piitomnost sedimentd s velmi odliSnymi defor-
macnimi charakteristikami, které mohou byt uloZeny zcela
heterogenné. Pudorysné bylo staveni$t€ rozdéleno do tif &dsti,
pficemZ dvé byly dostate¢né pokryty priazkumnymi sondami,
avsak tfeti ¢dst byla z davodu existujici zdstavby v dobé pro-
vadéni pruzkumnych praci prozkoumdna nedostateCné. Tato
zdstavba byla pied zahdjenim praci sice odstranéna, ale pru-
zkum jiZz doplnén nebyl. Tato skuteCnost méla duleZity vliv na
vyvoj soudniho sporu. Vystavba byla v prubéhu praci zastave-
na stavebnim dradem, protoZe se v sousednich budovéch pro-
jevila sedani. Objednatel odmitl zaplatit za jiz provedené

(12) Metcalf Constr. Co. v. United States, 102 Fed. CI. 334 (2011) (Metcalf
I) a Metcalf Constr. Co. v. United States, 107 Fed. Cl. 786 (2012)
(Metcalf II).

(13) Zejména ONORM B 2110 Vseobecné smluvni podminky pro stavebni
priace (Allgemeine Vertragsbestimmungen fiir Bauleistungen) jsou
v Rakousku §iroce pfijimany jako standard a obchodni podminky mno-
hych spole¢nosti na né odkazuji.

(14) Zejména § 1168a obecného obcanského zakoniku (ABGB).

just the indicative data to meet the bid compilation purposes. The
essence behind the employer’s inefficiency to relieve itself of its
responsibility was the employer’s off-contract duty of good faith
and fair dealing. The judges were also stunned by incompetent,
complicated, and all too arduous stance of the employer’s respon-
sible employee who kept refusing to investigate the nature of the
duly submitted contractor’s claims at the level of 27 million $ (ten-
der price of the contract was 49 million $) for over a year, alleging
instead that there was no difference between the procurement and
encountered geotechnical information. The judge designated such
an employer’s approach as non-professional.

Though the manufacturer was fully successful in the dispute,
this victory could then only partly cure a burden of his economic
loss and other troubles he had to bear for twelve years of the dis-
pute duration. The contractor had submitted the bid in 2001 and
was not originally selected by the employer as most suitable. The
contractor won the contract only after having exercised his reme-
dies, commencing the works in 2003 to complete the construction
in 2007. After depletion of all the judicial remedies the final ver-
dict was pronounced only after additional 7 years.(12)

Case Study #2 from Austria: Judgement of the Supreme

Court in Austria 6 Ob 274/04v of May 2005

Prepared by the Austrian Standards Institute(13), the Austrian
forms of contract and legal practices(14) widely applied in Austria
allocate the geotechnical risk to the employer provided that the con-
tractor has reasonably scrutinized the geotechnical documents the
employer has handed over and warned him of potential problems. If
there are different contractual arrangements in the contract (other
than those recommendable), they must always be bound on increa-
sed compensation to the contractor for having accepted the risk. The
following example will show the adverse implications and uncerta-
inty a construction project might suffer due to an attempt to deviate
from the standard, i.e. to break the tradition and leave the geotech-
nical risk on the contractor’s shoulders.

The objective was to construct a health care center in Zell am See
for a lump sum price. Concerning its geology, the town lies in an
Alpine valley, which saw considerable changes in surface water
flow velocities during the course of ice age and their alternations.
This is the cause behind the presence of the sediments with different
deformation characteristics that may follow a fully heterogeneous
pattern. The site ground plan has been subdivided into three parts
with two of them being sufficiently covered by prospecting probes,
but the third one underwent insufficient prospecting due to the exis-
ting developed areas present there at execution of the surveying. The
relevant probing has never been completed any more even though
the existing buildings had been stripped off before commencement
of the works. This circumstance had major impact on the litigation
trend. The construction authority suspended the construction efforts
during the course of the works as the neighboring buildings showed
signs of sagging. The employer refused to pay for the works already
done. The contractor therefore filed a lawsuit against the employer,
urging payment for all the works until suspension, including the
balance for extended lease of the sheet piles that remained in the
foundation pit longer than expected and that were not given back to
the contractor after contract termination.

In his petition the contractor argued that the geotechnical sur-
vey results, as provided by the employer, turned out as being erro-
neous (incomplete), considering it an issue under the employer’s

(12) Metcalf Constr. Co. v. United States, 102 Fed. CI. 334 (2011) (Metcalf
I) a Metcalf Constr. Co. v. United States, 107 Fed. Cl. 786 (2012)
(Metcalf II).

(13) Mainly ONORM B 2110 General Contractiual Conditions for Building
Works (Allgemeine Vertragsbestimmungen fiir Bauleistungen) are
widely accepted in Austria as standard and the Terms & Conditions of

numerous companies refer to them.

(14) Mainly § 1168a of the General Civil Code (ABGB).



price. Zhotovitel proto objednatele zazaloval a poZadoval
zaplaceni vSech praci do zastaveni vystavby vcetné doplatku
za prodlouZeny ndjem $tétovnic, které zUstaly ve stavebni jame
déle, nez se oCekdvalo, a které nebyly po ukonceni smlouvy
zhotoviteli vraceny.

Zhotovitel v Zalobé tvrdil, Ze se v prubéhu praci geotechnic-
ky pruzkum poskytnuty objednatelem ukdzal jako chybny
(neuplny), coZz povazoval za odpovédnost objednatele.
Obhajoba objednatele spoc¢ivala v tom, Ze pri¢inou zastaveni
stavby a nadmérného seddni na sousednich budovédch byla
vadna stavebni ¢innost zhotovitele. Objednatel dale tvrdil, Ze
se zhotovitel ve smlouvé zavdzal prevzit geotechnické riziko
na sebe. Zhotovitel na obhajobu objednatele reagoval tak, Ze
byl pripraveny prijmout geotechnické riziko podle smlouvy
pouze do té miry, do jaké byl geotechnicky pruzkum poskyt-
nuty objednatelem spravny.

PredloZené argumenty soudce posoudil takto: Za chyby
v technologické kdzni zhotovitele nese odpovédnost zhotovi-
tel, nicméné tato odpovédnost musi byt omezena do té miry, do
jaké stavebni dozor objednatele kazdy den podepisoval
a potvrzoval zdpisy ve stavebnim deniku, a musel si byt tudiZ
védom déni na stavenisti. Geotechnické riziko podle soudce
nalezi v zdsadé objednateli. Odlisné smluvni ujednéni je také
teoreticky mozné, ovSem prevzeti geotechnickych rizik zhoto-
vitelem se nemuZe vztahovat na skute¢nosti plynouci
z chybného ¢&i netiplného pruzkumu. Soudce nicméné vytkl
zhotoviteli, Ze nedodrZel zdsadu , povinnosti informovat
a varovat (Priif- und Warnpflicht)“ a ,,primérené “ neprozkou-
mal informace poskytnuté objednatelem. Jako odborny staveb-
ni podnikatel mél byt zhotovitel schopen rozpoznat, zZe geo-
technicky pruzkum je nedostate¢ny, a na tuto skute¢nost mél
objednatele upozornit. Nakonec se tedy na vicendkladech
musely podilet obé strany. Pfipad nazorné ilustruje, jakou logi-
kou se rakousky pravni fad v zdleZitosti alokace geotechnické-
ho rizika 1id{.(1%

Pripadova studie #3 z USA: United Contractors v. United
States (United States Court of Claims, Case No. 368 F.2d
585, Oct. 14, 1966)

Zakazka spocivala ve vystavbé vice nez 1,6 km dlouhého
kolektoru o prifezu pohybujicim se od 0,6 m do 1,8 m
a hloubce razby od 1,5 m do 2,7 m. Geotechnické pruzkumy
nenaznacovaly zvySenou hladinu podzemnich vod. Vychozi
smluvni geotechnické podminky ovSem uvadély, ze “v oblas-
ti existuje predpoklad vysoké hladiny podzemni vody*“.
Zhotovitel pfedlozil claim z davodu odlisnych podminek sta-
veniste, ktery dolozil dodateénymi ndklady vynaloZenymi
v souvislosti s Cerpanim vody a odvodnovanim. Vetejny objed-
natel claim zamitl s odkazem na znéni vychozich smluvnich
geotechnickych podminek. Soudce rozhodl, Ze ke smluvni
doloZce ,,v oblasti existuje predpoklad vysoké podzemni vody “
je treba ,, pFistupovat rezervovane“, nebot’ ,, jeji vyznam je sni-
Zen konkrétimi informacemi“ vyplyvajicimi z vrta. Déle soud-
ce usoudil, Ze predmétnd dolozka definujici smluvni geotech-
nické podklady (GBR) nebyla ni¢im jinym, neZ neurcitym varo-
vanim, protoze termin ,,vysokd hladina podzemni vody* je
,zpravidla relativanim terminem*, a proto prostrednictvim
,nejasné a nevysvetlené vseobecné dolozky o vysoké podzemni
vodé“ nemuZe byt poprena precizni informace dokdzand geo-
technickymi vrty. Soudce rovneZz rozhodl, Ze opatrny soutéZitel
by si mél byt védom skutecnosti, Ze hladiny podzemni vody
kazdy mésic kolisaji. TudiZ by si opatrny soutéZzitel mél byt
védom i problému, Ze namétkové vrty v daném Case nemusi byt

(15) Mesi¢, M., Radansky, V. Geotechnickd rizika v rakouském prdvu.

Stavebnictvi, ¢. 6-7, 2015, s. 62-63.
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responsibility. Defense of the employer lied in that the contracto-
r’s defective construction efforts were the cause behind the sus-
pension and excessive sagging on the neighboring buildings. The
employer further alleged that the contractor undertook in the con-
tract to assume the geotechnical risk. Responding to the employ-
er’s defense the contractor alleged to have been prepared to assu-
me the geotechnical risk from the contract only to the extent to
what the geotechnical surveying outcomes, as provided by the
employer, were correct.

The judge assessed the presented arguments as follows:
Responsibility for the manufacturer’s process-related discipline
shall be borne by the contractor, with this responsibility being
nevertheless limited to the extent to what the employer’s site
supervisor was daily undersigning and confirming the entries into
the site logbook, and must have therefore been aware of the on-site
happenings. According to the judge, the geotechnical risk belongs,
as rule, to the employer. A different contractual arrangement is also
possible in theory, but acceptance of the geotechnical risks by the
contractor may not relate to the issues resulting from faulty or
incomplete probing. The judge nevertheless reprimanded the con-
tractor for not having observed the “duty to inform and warn ( Priif-
und Warnpflicht)“ and not having “reasonably‘ scrutinized the
information provided by the employer. As a specialized construc-
tion entrepreneur the contractor should have been able to recogni-
ze the insufficient nature of the geotechnical probing and should
have warned the employer accordingly. Finally, both parties must
have had their shares in this extra cost. This example clearly illust-
rates the logics the Austrian law system follows, concerning the
geotechnical risk allocation.(15)

Case Study #3 from the U.S.: United Contractors v. United
States (United States Court of Claims, Case No. 368 F.2d 585,
Oct. 14, 1966)

The project objective was to build a more than 1.6km long col-
lector with its cross section ranging between 0.6m to 1.8m and
depth of tunneling from 1.5m to 2.7m. Geotechnical surveying
revealed no signs of increased ground water levels. The initial con-
tractual geotechnical conditions, however, alleged that “condition
of high groundwater exists in the area”. The contractor submitted
the claim for the reason of different site conditions, having docu-
mented it with subsequent cost incurred in connection with water
pumping and draining. The public employer rejected the claim,
referring to the wording of the initial geotechnical conditions in
the contract. The judge decided that the contractual clause “condi-
tion of high groundwater exists in the area* was a “low key mas-
sage” that was “muffled by the specific information” resulting from
the boreholes. The judge further considered that the relevant clau-
se defining the contractual geotechnical bases (GBR) was nothing
else than a kind of vague warning as the term of “high ground
water level“ is “obviously a relative term”, and any precise infor-
mation proved by the geotechnical boreholes cannot therefore be
denied via an “undefined and unexplained generality of the
groundwater”. The judge took also the decision that a precarious
competitor should be aware of the fact that the ground water levels
fluctuate every month. A precarious competitor should therefore
also be aware of that the random boreholes need not actually be
representative at a given point of time. This does not preclude the
contractor’s right to reasonably rely on the boreholes outcomes as
described in the procurement documents.

Case Study #4 from the U.S.: Foster Constr. C.A. & Williams
Bros. Co., a Joint Venture etc. v. United States (United States
Court of Claims, Case No. 435 F.2d 873, Dec. 11, 1970)

Covering construction of a public infrastructure bridge, the con-
tractual documents included test boreholes report giving account

(15) Mesi¢, M., Racansky, V. Geotechnical Risks in Ausrian Law.
Stavebnictvi, no. 6-7, 2015, s. 62-63.
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skute¢né reprezentativni. Tato skuteCnost vSak nevyluCuje
pravo zhotovitele spoléhat se priméfené na vysledky zkuSeb-
nich vrtd popsanych v zaddvaci dokumentaci.

Pripadova studie #4 z USA: Foster Constr. C.A. &

Williams Bros. Co., a Joint Venture etc. v. United States

(United States Court of Claims, Case No. 435 F.2d 873,

Dec. 11, 1970)

Pri vystavbé mostu vefejné infrastruktury obsahovala
smluvni dokumentace protokoly ze zkuSebnich vrta, které
popisovaly predpoklddané podminky pfi hloubeni zdkladu pili-
fu, konkrétné existenci ,, pomérné vodonepropustnych, stabil-
nich a pevnych materidlii. Geotechnickd dokumentace zakéz-
ky ovSem rovnéz zahrnovala prohldSeni, Ze geotechnické
informace obsazené v geotechnické zpravé a protokolech ze
zkuSebnich vrtu ,, nejsou zarucené, nejsou reprezentativni, a Ze
uchaze¢ se vyzyvd k vyvozeni svych vlastnich zdvérii“.
Zhotovitel predlozil claim z duvodu zastizenf vét§tho mnoZstvi
spodni vody pfi hloubeni pilifi, neZ nasvédCovaly vrty. Claim
byl vefejnym objednatelem zamitnut s odkazem na dolozku
v geotechnické zprdavé, kterd uvddéla, Zze vrty nezaruluji &i
nezbytné nereprezentuji podminky stavenisté. Soudce rozhodl,
ze formulace, jejimz cilem je obecné odmitnuti odpovédnosti
za spravnost zdznamu — tj., Ze tyto zdznamy ,, nejsou zarucené,
nejsou reprezentativni, a Ze uchazeci se vyzyvaji k vyvozeni
svych vlastnich zdveéri“ — nemuZe byt oprdvnénou obhajobou.
Tento pfipad svédéi o tom, Ze povrchné formulované dolozky
odmitajici odpovédnost za geotechnikou dokumentaci nejsou
povazovédny za platny ndstroj presunu geotechnického rizika
z objednatele na zhotovitele.

Pripadova studie #5 z USA: Appeal of Alps Constr. Corp.

v. The Army Corps of Engineers (Armed Services Board

of Contract Appeals ,,ASBCA‘, Case No. 16966, 1973

WL 1894, Sept. 17, 1973)

Zadani verejné zakédzky na vystavbu CistiCky odpadnich vod
zahrnovalo vysledky geotechnickych vrti. Clanek ve zvl4st-
nich smluvnich podminkach v8ak uvadél, Ze tyto vrty repre-
zentuji podminky pouze v jejich konkrétnim provedeni
a svislém rozsahu. TudiZ podminky podpovrchového stavenis-
té¢ mezi vrty musi byt odvozeny zhotovitelem, a ,,jakékoliv
mistni odchylky od charakteristiky dané oblasti“ nebudou
povazovany za duvod pouZiti zménovych smluvnich ustanove-
ni. Smlouva pritom neobsahovala definici ,,mistnich odchy-
lek* nebo zminéné ,oblasti“. Béhem vystavby zhotovitel
uplatnil claim z davodu zastizeni valouni nadmérnych veli-
kosti a horniny projevujici se vétsi tlakovou pevnosti, neZ
ur¢ovala zadavaci dokumentace. Zhotovitel tvrdil, Ze na zakla-
dé geotechnickych vrtd mél zastihnout pouze homogenni kusy
horniny o maximadlni velikosti do cca 13 cm.

Pfi rozhodovani o spravedlivé ndhradé zhotoviteli sendt
soudcu zamitl dva relevantni argumenty objednatele. Nejdifve
sendt konstatoval, Ze prislusné varovani zvlastnich smluvnich
podminek, ze v oblastech mezi vrty mohou byt zastizeny
nadmérné valouny ¢&i inkonzistentni hornina, neni dostate¢né
uréité ¢i jednoznaéné, aby anulovalo zavéry vyvozené
z vysledka geotechnickych vrta. Ddle sendt zamitl i druhy
relevantni argument objednatele, Ze kazdy uchaze¢ musel
predpoklddat, Ze staveniSté zakdzky bude obsahovat i vetsi
kusy raznych typt hornin (nad cca 13 ¢cm). Objednatel posta-
vil svoji obhajobu na skutecnosti, Ze jakykoliv odborny zhoto-
vitel by si musel byt védom, Ze z cca 15 ¢cm profilu prizkum-
ného vrtu je mozné vytézit pouze malé kusy horniny (tj. cca
15 cm a méné): ,, Verejny objednatel tvrdi, Ze tyto rozmery mély
uchazece upozornit na to, Ze jsou nejvetsim moznym rozmérem,
ktery muiZe byt vytéZen z cca 15 cm profilu vrtu.“ Senét se
s touto argumentaci neztotoznil a uvedl, Ze , nikde
v dokumentech poskytnutych uchazeciim nebyl rozmeér profilu

of the foreseen conditions at making foundation pits for the piles, in
particular the presence of “relatively water-impermeable and stab-
le and firm materials*. The geotechnical documents for the con-
tract, however, also included the declaration that the geotechnical
information contained in the Geotechnical Report and records of
the test boreholes “are not guaranteed, not representations and the
bidder is urged to draw his own conclusions“. The contractor sub-
mitted the claim because of his having encountered larger amounts
of ground waters while making excavations for the piles than it had
seemed obvious from the boreholes. The claim was rejected by the
public employer with reference to a clause in the Geotechnical
Report, which presented the boreholes as not warranting or repre-
senting necessarily the site conditions. The judge came to the deci-
sion that the wording aimed at overall refusal of the responsibility
for correctness of the records — i.e. that these records “are not war-
ranted, are not representations, and that the bidder is urged to draw
his own conclusions* — cannot be any equitable defense. This
example gives evidence of that the superficially formulated clauses
rejecting responsibility for the geotechnical documentation are not
deemed as any applicable instrument for transferring a geotechnical
risk onto the contractor from the employer.

Case Study #5 from the U.S.: Appeal of Alps Constr. Corp.
v. The Army Corps of Engineers (Armed Services Board of
Contract Appeals ,,ASBCA*, Case No. 16966, 1973 WL 1894,
Sept. 17, 1973)
The public procurement documents for construction of
a wastewater treatment plant included the geotechnical probing
results. In its section about particular contractual conditions the
article, however, advised that the relevant boreholes represent the
conditions only in their particular form and vertical profile. This is
why the subsurface site conditions between the boreholes must be
derived by the contractor, and “any localized variations characte-
ristics of the region* will not be deemed as any reason for adding
any contractual provisions on variations. The contract also failed
to include any definition of “localized deviations* or “region* in
question. During the construction, the contractor applied the claim
for having come across some excessively sized nuggets and the
rocks showing higher level of pressure strength than designated in
the procurement documents. The contractor argued to have had
encountered (on the basis of prior geotechnical probing) just some
homogenous pieces of rocks sized not more than some 13cm.
While making decisions about compensating fairly the contrac-
tor, the senate of judges rejected the employer’s two relevant argu-
ments. The senate first stated that the relevant warning in the par-
ticular contract conditions that the excessive nuggets or inconsi-
stent rocks may be encountered in the areas between the boreholes
is not enough determinate or unambiguous to annul the conclusi-
ons drawn from the geotechnical probing results. The senate more-
over rejected even the second employer’s relevant argument that
every applicant must have foreseen that the contract site will also
contain larger pieces of various rock types (over ca 13cm). The
employer based his defense on the fact that any dedicated contrac-
tor would have had been aware of that only small pieces of rocks
(i.e. ca 15cm or less) can be extracted from the probing borehole
having some 15cm in diameter: “The Government contends that
these sizes should have alerted a bidder that they were the largest
size that could come out of a six inch tube“. The senate failed to
identify themselves with this argumentation and stated that
,howhere on the documents furnished to the bidders was size of
the tube mentioned* and this is why the applicants could not dis-
cern the employer’s “asserted significance* on dimensions of the
rocks extracted from the boreholes profiled like this.
Case Study #6 form the U.S.: Appeal of Bay West Inc., v. The
Army Corps of Engineers (Armed Services Board of
Contract Appeals ,,ASBCA*, Case No. 54166, Apr. 25,2007)
The objective was to take away roughly 170,000 cubic meters of
excavated and extracted materials from the Mississippi (lowa) for



vrtii zminén“, a tudiz uchaze¢i nemohli rozpoznat ,, zamysle-
ny vyklad“ objednatele o rozmérech hornin vytéZenych
z téchto profild prazkumnych vrta.

Pripadova studie #6 z USA: Appeal of Bay West Inc.,

v. The Army Corps of Engineers (Armed Services Board

of Contract Appeals ,,ASBCA*, Case No. 54166, Apr.

25,2007)

Zakazka spocivala v odvozech zhruba 170 000 kubickych
yardu vyrubaného a odtéZeného materidlu z reky Mississippi
(Iowa) za pau$édlni cenu cca 1,5 mil $. Zhotovitel si vylozil
udaje zaddvaci dokumentace tak, Ze odtéZeny materidl se
bude sklddat predev§im z vyrubaného pisku. Ve svém claimu
zhotovitel pozadoval dhradu dodate¢nych ndkladu spojenych
se zastizenim balvanu, uvolnéné horniny, pytld s piskem
a plastovych f6lii. Specifikace odtéZovani upozornovala
uchazece, Ze maji ocekdvat ,,stromy a jisté mensi mnoZstvi
odpadu“, ktery muze zahrnovat ,,valouny, sut, drdty, parezy
a vétve z provedenych zdsekii a jiny odpad“. Na zdkladé toho-
to upozornéni vetrejny objednatel claim zamitl s oduvodné-
nim, Ze uchazec¢i byli varovani pred moznym vyskytem va-
lounu v odtézeném materidlu.

ProtoZze smlouva neobsahovala rozmérovou definici
,»valounii“, soudce pouZil obecnou slovnikovou definici pri-
rovndvajici valoun k malému kusu horniny. JelikoZ zhotovi-
tel zastihl kusy horniny v rozmezi od velikosti pésti az k cca
60 cm v pruméru (o hmotnosti vice neZ 15 kg), pouhy odkaz
na ,,valouny “ ve specifikaci odtézovani neposoudil soudce za
dostate¢ny k upozornéni zhotovitele na mozné zastizeni
nadmérnych kust horniny, tedy viceméné balvanu. Tento pfi-
pad opét demonstruje skute¢nost, Ze vSeobecné charakteristi-
ky obsahujici vdgni a neméfitelné pojmy jsou pro déinnou
alokaci rizika nevhodné.

Pripadova studie #7 z USA: Whiting — Turner/A.L.

Johnson Joint Venture v. General Services Admin.

(General Services Board of Appeals ,,GSBCA‘, Case

No. 15401, Dec. 5, 2001)

Zalobcem byl v tomto piipadé inZenyr povéfeny vefejnym
objednatelem k rizeni vystavby nové budovy v Atlanté
(Georgia) metodou dodavky ,,Construction Management®.
Podzhotovitel vodotésné komory claimoval zastizeni vyso-
kych pfitoki podzemni vody. V padorysu budovy bylo pro-
vedeno celkem 7 vrtu: tfi podél zdpadniho kraje pudorysu,
které odhalily pfitomnost podzemni vody 11 az 12 m pod
povrchem, jeden vrt ve stfedni ¢dsti pudorysu, ktery odhalil
,potencidl podzemni vody v hloubce 11 m*, a tfi vrty na
vychodni strané pudorysu, které 7ddné podzemni vody neod-
halily.

Zadani popisovalo pritomnost podzemni vody nédsledovné:
., PFitomnost ¢&i nepFitomnost vody ve vrtnych sonddch
v okamZiku vrtdni nutné neznamend, Ze podzemni voda se zde
nebude vyskytovat v jiny okamZik. Hladiny podzemnich vod
sezoné kolisaji a jsou zdvislé na mnoZstvi deStovych srdzek
spadlych v mésici predchdzejicim mésici, ve kterém byly
sondy provedeny.” Navic, zadavaci dokumentace doporuco-
vala uchazedum vzit v dvahu, Zze podminky vymezené zku-
Sebnimi vrty se muZou v ruznych mistech a ruznych dobdch
lisit.

Odvolavajice se na pravidlo, Ze zkuSebni vrty ,,se povaZuji
ce rozhodl, Ze objednateluv pokus o alokaci rizika povaZuje
pouze za ,,obecnd ustanoveni o zbaveni se odpovédnosti*,
kterd nemaji prednost pred konkrétnimi popisy a tdaji vyply-
vajicimi z vrtd: zejména, Ze stfedni a vychodni ¢4sti pudory-
su budovy budou suché.
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the flat price of ca 1.5 million $. The contractor construed the
data from the procurement documents in the way that the
extracted materials would mainly consist of the excavated
sand. In his claim, the contractor requested to be compensated
for the additional cost in connection with occurrence of the
boulders, loose rocks, bags with sand, and plastic foils encoun-
tered. The excavation specifications notified the applicants to
expect “trees and some other minor amounts of debris* that
may include “stones, rubble, wire rope, stumps, trees from
snagging operations, and other debris . Regarding this notifi-
cation, the public employer rejected the claim with the justifi-
cation that the applicants were warned of possible stones
occurrences in the materials excavated.

As the contract failed to include any dimensional definition
of these “stones”, the judge used the broad dictionary-like
definition juxtaposing a stone to a small piece of rocks. As the
manufacturer came upon the pieces of rocks from the ones
sized like a fist to those having up to ca 60cm in diameter
(weighing more than 15kg), mere reference to “stones” in the
excavation specifications was not considered by the judge as
being enough to notify the contractor of the possibility that
excessive pieces of rocks, i.e. more or less boulders might be
encountered. This example again illustrates the fact that the
overall characteristics, containing vague and immeasurable
concepts, are inapt for efficient risk allocation.

Sase Study #7 from the U.S.: Whiting — Turner/A.L.

Johnson Joint Venture v. General Services Admin.

(General Services Board of Appeals ,,GSBCA*, Case No.

15401, Dec. 5, 2001)

Here, the petitioner was an engineer set apart by the public
employer to supervise construction of a new building in
Atlanta (Georgia), using the “Construction Management® met-
hod. A subcontractor for watertight chambers claimed his
encounter with high ground water inflows. The total of 7 bore-
holes were made across the building ground plan, three along
its western borderline, which revealed presence of ground
water 11 to 12m below the surface, one borehole in the midd-
le area, which discovered a “possible groundwater at the
depth of 11m*“, and three boreholes on the eastern edge, which
failed to reveal any ground waters.

The procurement documents gave account of the ground water
presence as follows: “The presence or absence of water in the bore
holes at the time of drilling does not necessarily mean the ground-
water will or willnot be present at other times. Groundwater levels

fluctuate seasonally and are related to the amount of rainfall rece-

ived in months prior to the observations” . Furthermore, the procu-
rement documents addressed the applicants with the recommenda-
tion to take into account that the conditions delineated by the pro-
bing might differ locally and over time.

Referring to the rule that the test boreholes are “considered
the most reliable reflection of subsurface conditions,” the
judge decided to consider the employer’s risk allocation
attempt merely as “broad, exculpatory clauses* that do not
overrate any particular description with the data resulting from
the boreholes probing: mainly that the medium and east parts
of the building ground plan are to be dry.

B. Examples of Purposeful Geotechnical Risk Allocation
Methods
Following the above-described purposeless employer’s geo-
technical risk allocation attempts let’s now pay attention to
a couple of exemplary litigations where the judges accepted
this risk allocation method as partly enforceable:

Case Study #8 from the United Kingdom: Obrascon

Huarte Lain SA (,,OHL‘) v. Her Majesty’s Attorney

General for Gibraltar, EWHC 1028 (TCC), 2014

A public employer entered into the contract, using the form
from the “FIDIC Yellow Book 1999“ (P/DB), whose subject
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B. Pfiklady ucelnych zplisobti alokace geotechnického
rizika
Po vySe popsanych neucelnych pokusech objednatele alo-
kovat geotechnické riziko nyni obratime pozornost k ukdzkdm
soudnich prfipada, ve kterych soudci uznali zpusob alokace
tohoto rizika za ¢dste¢né vynutitelny:

Pripadova studie #8 z Velké Britanie: Obrascon Huarte
Lain SA (,,OHL*) v. Her Majesty’s Attorney General for
Gibraltar, EWHC 1028 (TCC), 2014

Verejny objednatel uzavrel smlouvu o dilo podle smluvniho
vzoru ,,FIDIC Yellow Book 1999 (P/DB), jejimz predmétem
byla vystavba silni¢niho tunelu pod pristdvaci plochou letisté
v Gibraltaru za cenu 30,2 mil. £. Utelem zakazky bylo trvalé
zprujezdnéni jediné silni¢ni komunikace spojujici Gibraltar se
Spanélskem vedouci napfi¢ ranveji a uzavirané nepravidelné
vzdy po dobu pristavani letadel. Zakazka byla provdzena
dohady o mimoradné nizké cen¢. Objednatel odstoupil od
smlouvy po dvou a pul letech trvdni vystavby (pivodni lhata
vystavby Cinila 2 roky) a realizaci jen néco mala pres 1/4 roz-
sahu praci. Zhotovitel do té doby vyfakturoval kolem 1/3
nabidkové ceny a odhadoval, Ze dokonceni stavby by si vyZa-
dalo jesté 80 mil. £ navic plus nahradu za provedeni odvod-
néni, dekontaminaci podzemni vody, odtéZeni a uskladnéni
kontaminovaného materidlu. Tyto vykony povazoval zhotovi-
tel za nepredvidatelné a nezahrnul je do nabidkové ceny.
Predmétem sporu bylo jednak, zda objednatel odstoupil od
smlouvy oprdvnéné, a za druhé, zda rozsah mnoZstvi konta-
minovaného vyrubu byl, nebo nebyl predvidatelny zkuSenym
zhotovitelem v dobé podani nabidky.

Ackoliv pruzkumy staveni§té nezaznamenaly extrémni vysky-
ty poruch, zaddvaci dokumentace obsahovala detailni zpravu
o prostredi staveni$té tzv. ,, Enviromental Statement “, ktera upo-
zornovala zhotovitele na to, Ze stavenisté je umisténo v blizkosti
skladisté ropy a v minulosti slouZilo jako stfelnice a misto
jinych vojenskych aktivit. ,, Enviromental Statement* proto
doporucovala uchaze¢um, aby ocenili riziko zastizen{ jistého
mnoZstvi kontaminované zeminy béhem razeb. Zhotovitel kon-
taminovanou zeminu skute¢né zastihl, ov§em v takovém rozsa-
hu a mnoZstvi, které vyrazné prekrocCily jeho ocekdvani
a zpusobily mu obrovské zpoZdéni a ztrity nabourdvajici eko-
nomickou rovnovahu smlouvy. Tato skute¢nost, nezhojitelné
rozpory se zhotovitelem, preruseni razeb a nutnost vypracovani
nové projektové dokumentace zhotovitele predstavovaly nejza-
vaznéjsi duvody pro odstoupeni od smlouvy objednatelem.

Soudce stavebniho a technologického soudu v Londyné roz-
hodl ve vétsi mife ve prospéch objednatele, tedy Ze odstoupe-
ni bylo oprdvnéné a geotechnické podminky v urCité mife
predvidatelné. Soudce zduvodnil sviij postoj tim, Ze zkuSeny
zhotovitel se nemél v tomto pripadé omezovat pri analyze
geotechnickych informaci pouze na prizkumy staveniSté
a vzorky odebrané v dob¢ pripravy zakazky. Mél vzit v ivahu
vzhledem k umisteéni staveni$té rovnéz jeho historické pozadi,
tedy skuteCnost, Ze prostfedi bylo po mnoho staleti ovliviio-
vano vojenskym vyuZitim, které predznamendva pritomnost
tézkych kovu, stopovych chemickych prvku, uhlovodiku
a souvisejicich derivatu. Soudce rovnéZ v rozsudku naznacil,
jak se mél zhotovitel v tomto konkrétnim pripadeé zachovat:
a) vytvorit si cenovou prirdzku spojenou s pravdépodobné
vysokym vyskytem kontaminovaného materidlu; b) naprojek-
tovat si a ocenit dalsi zkuSebn{ vrty za tcelem zmapovani konta-
minace a prijeti vhodnych metod odt€Zovani; c¢) naprojektovat si
a ocenit odstranéni vyrubaného materidlu znecisténého prav-
dépodobné nebezpeénymi latkami. Zhotovitel pri razbé rov-
néz claimoval zastiZeni vét§tho mnozstvi pevnéjsi horniny,
nez predpokldadalo zadani. Tento ndrok soudce uznal i pres

was construction of a road-traffic tunnel under runway of the
Gibraltar Airport for the price of 30.2 mil. £. Purpose of the
contract was to make the only road connection between
Gibraltar and Spain, routed across the runway and being there-
fore randomly closed whenever the planes were landing, per-
manently passable. Polemics around this incredibly low price
accompanied the tender. Having realized just a little above
a quarter of the contract scope, the employer rescinded from the
contract after two and half year of the construction works (ini-
tial time for completion was 2 years). Since then, the contrac-
tor had invoiced about 1/3 of the tender price, estimating that
the project completion would require extra 80 mil. £ plus com-
pensation for the drainage carried out, ground water deconta-
mination, extraction and dumping of the contaminated materi-
als. The contractor deemed these performances as unforeseeab-
le, not having included them in his tender price. The dispute
went on around two things, firstly, whether or not the employ-
er rescinded from the contract equitably, secondly, whether or
not the scope of the contaminated dugout quantities were fore-
seeable by an experienced contractor at the bid submission.

Even though the site investigations failed to record any
extreme defective occurrences, the procurement documents
included a detail report about the site environment, so-called
“Environmental Statement*, reminding the contractor of the
fact that the site is situated near the crude oil storage grounds
and that it was used as a shooting range and field for other
military activities in the past. The “Environmental Statement
therefore gave to the applicants the recommendation to assess
the risk of encountering an amount of contaminated earth
during the tunneling. The contractor actually came upon the
contaminated earth, but to such an extent and in such amounts
largely in excess of his expectations and caused him a huge
delay and losses that broke any balance of economy in the con-
tract. This fact, unhealable conflicts with the contractor, sus-
pension of tunneling, and the necessity to prepare a new con-
tractor’s design documents were the most serious reasons
behind the employer’s termination of the contract.

Judge of the Technology & Construction Court in London made
resolution rather largely in favor of the employer, i.e. that his
withdrawal was equitable and the geotechnical conditions fore-
seeable to an extent. The judge gave a rationale in support of his
stance, saying that an experienced contractor should not have
confined himself, while analyzing the geotechnical information,
only to site investigations and the samples taken while the project
was being prepared. Regarding the site location, he should also
have taken into account its historical background, i.e., the fact that
that the environment was being, over many centuries, influenced
by its military utilization, which presignals presence of heavy
metals, trace chemical elements, hydrocarbons, and related deri-
vates. The judge also suggested in the judgment a desirable con-
tractor’s conduct in such a particular case: a) to set up a price sur-
charge in connection with a likely high occurrence of contamina-
ted materials; b) to outline and assess other test boreholes for
mapping of the contamination and adoption of suitable extraction
methods; ¢) to outline and assess removal of the excavated materi-
als contaminated with potentially hazardous substances. While tun-
neling, the contractor also claimed encounter with larger amounts of
more compact rocks than foreseen in the procurement documents.
The judge accepted this claim even despite the employer’s argu-
mentation that an experienced contractor should have foreseen even
4-times more of these solider rocks.

Case Study #9 from the U.S.: International Technology

Corp. v. Donald C. Winter (U.S. Ct. of Appeals for the

Federal Circuit, Case No. 523 F.3d 1341, Apr. 18, 2008)

The contractor undertook to a public employer to remove the
contaminated earth from the grounds managed by the navy on
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argumentaci objednatele, Ze zkuseny zhotovitel mél predvidat the cost plus basis. His subcontractor raised a subcontractor’s
jesté cca Ctyrikrat vice této pevnéjsi horniny. claim against him. This claim was based on the fact that the
Piipadova studie #9 z USA: International Technology contaminated earth contained more clay than foreseen in the
Corp. v. Donald C. Winter (U.S. Ct. of Appeals for the procurement documents. The subcontragtor held that the clay
Federal Circuit, Case No. 523 F.3d 1341, Apr. 18, 2008) concentration percentage in the contamm_ated earth over 10%
Zhotovitel se zavdzal vefejnému objednateli, 7e odiézf konta- | increased his cost for continuous extraction steps because of
minovanou zeminu z prostor spravovanych vile¢nym lodstvem the earth’s limited permeability. .
na zdkladé nakladové ceny (cost plus). Jeho podzhotovitel vuci The judge had therefore to deal with the issue whether or not
nému uplatnil subdodavatelsky claim. Tento claim byl zaloZeny the procurement documents as a whole did, at all, mention any
na skuteCnosti, e kontaminovand zemina obsahovala vy3f clay contents in the contaminated earth as less than 10%. The
mnoZstvi jilu, neZ predpoklddala zaddvaci dokumentace. first of the two procurement sources, characterizing the site
Podzhotovitel tvrdil, Ze podil koncentrace jilu v kontaminované geological conditions, contained a chart inscribed “Soil
zeminé vy$3i neZ 10 % zvysil jeho naklady na zabéry plynulého Characteristics . This chart included nine samples with infor-
odtéZovan{ z diivodu omezené propustnosti zeminy. mation on the clay contents in the contaminated earth as ran-
Soudce se tudiz musel zabyvat predbéznou otdzkou, zda zada- ging from 6% to 11%. Nevertheless, the second procurement
vaci dokumentace jako celek viibec uvadéla podil obsahu jilu source advised clay contents in the contaminated earth as ran-
v kontaminované zeminé mensi nez 10 %. Prvni ze dvou zada- ging from 23% to 28%.
vacich podkladi charakterizujicich geologické podminky stave- The judge rejected the subcontractor’s claim for two main
nisté obsahoval tabulku nazvanou ,, charakteristiky zeminy . Ta reasons. Firstly, the information contained in the second pro-
zahrnovala devét vzorku s ddaji o podilu obsahu jilu v kon- curement source (on clay percentage between 23-28%) pre-
taminované zeminé v rozmezi od 6 % do 11 %. Nicméné druhy vent any responsible contractor from interpreting the contrac-
zaddvaci podklad uvadél podil obsahu jilu v kontaminované | tual documents as foreseeing only a lower level of clay porti-
zeminé od 23 % do 28 %. on stated in the first procurement source (ranging from 6% to
Soudce zamitl subdodavatelsky claim ze dvou hlavnich duvo- 11%). Secondly, the judge decided that the differences betwe-
du. Za prvé, informace obsaZené ve druhém zaddvacim podkla- en both procurement sources should have been understood by
du o podilu obsahu jilu 23-28 % zabranuji odpovédnému zho- a responsible contractor as a warning that the permeability
toviteli interpretovat smluvni dokumentaci tak, Ze predpovida | Problems may imply an obstacle precluding any effective use
pouze niz§i stupent podilu pritomnosti jilu uvdadéném v prvnim of the earth extraction plant.
zaddvacim podkladu (v rozmezi od 6 % do 11 %). Za druhé Case Study #10 from the United Kingdom: Van Oord UK
soudce rozhodl, Ze rozdily v obou zaddvacich podkladech mely Limited & Sicim Roadbridge Limited v. Allseas UK
slouzit odpovédnému zhotoviteli jako varovani, Ze problémy Limited, EWHC 3074 (TCC), 2015
S propustnostl’ muZou znamenat pfekéiku efektivniho vyuiiti The contract’s objective was to construct a gas pipe]ine on
odtézovaci technologie. the Shetland Islands. The subcontractor filed a lawsuit against
Pripadova studie #10 z Velké Britanie: Van Oord UK the main contractor, claiming from him ca 10 million £ as
Limited & Sicim Roadbridge Limited v. Allseas UK compensation for overcoming the obstacles in work due to
Limited, EWHC 3074 (TCC), 2015 unforeseen subsurface conditions. As having encountered dee-
Zakédzka spolivala ve vystavbé plynového potrubi na per layers of peat than foreseen in the pre-contract documents,
Shetlandskych ostrovech. Podzhotovitel Zaloval generdlniho the subcontractor employed a different method of tunneling
dodavatele o cca 10 miliond £ jako ndhradu za piekonani pie- than he had planned during compilation of his bid, which inc-
kéazek praci zpusobenych nepiedvidanymi podpovrchovymi reased his time and cost for completion of the work.
podminkami. Podzhotovitel z diivodu zastiZeni hlubsi vrstvy The judge rejected the subcontractor’s claim for the follo-
raseliny, neZ predpoklddala predsmluvni dokumentace, pouZil wing main reasons: The first reason was formal, i.e. the con-
jinou metodu razeb, nez uvazoval pii piipravé nabidky, ¢imZ mu tractor failed to meet the notification requirements defined in
narostl Cas a ndklady nezbytné pro dokonceni dila. the variation-related provisions of the contract. In particular,
Soudce zamitl subdodavatelsky claim z t€chto hlavnich davo- | he failed to timely deliver a tunneling method variation requ-
du: Prvni duvod byl formélni, tedy zhotovitel nesplnil notifi- | est, having moreover announced only a time extension claim
ka¢ni pozadavky definované ve zménovych ustanovenich without any explicit reference to a particular contractual pro-
smlouvy. Konkrétné nedorucil v¢as Zddost o variaci metody vision concerning the assessment of the variation works. The
razby, a ddle formélné¢ ozndmil ndrok pouze na prodlouzeni second reason was the fact that neither the procurement docu-
¢asu, bez explicitniho odkazu na zvlastni ustanoveni smlouvy ment, nor the bid accepted did confine itself to any particular
tykajici se ocenéni variaCnich praci. Druhym duvodem byla tunneling technique. Selection of a particular method of con-
skuteCnost, ze zadani ani prijatd nabidka nebyly omezeny na struction was solely up to the contractor. Thirdly, the contrac-
konkrétni technologii razby. Zvoleni metody vystavby patfilo tor failed to withstand burden of proof as, despite of being
ryze do sféry odpovédnosti zhotovitele. Za treti zhotovitel neu- experienced, he could not reasonably foresee the subsurface
nesl dukazni bfemeno, Ze jako zkuSeny subjekt nemohl podpo- conditions, failing, for example, to submit a relevant expert
vrchové podminky rozumé predpokladat, napriklad nepredlozil opinion. Fourthly, the judge stated that an experienced con-
relevantni znalecky posudek. Za ¢tvrté soudce konstatoval, Ze tractor, while preparing a bid, cannot confine himself to the
zkuseny zhotovitel se pii pripravé nabidky nemuze omezovat na geotechnical information from the pre-contract documents,
geotechnické informace obsazené v predsmluvnich dokumen- and must therefore reasonably reckon with a reasonable level
tech, tedy musi s uréitou rozumnou mirou nepredvidatelnosti of unforeseeability. The last main reason behind the claim
v nabidce poéitat. Poslednim hlavnim davodem zamitnuti clai- rejection was the fact that the contractor was unable to show
mu byla skute¢nost, Ze zhotovitel nedokdzal prokazat spojitost connection between the pre-contract information on foreseen
mezi predsmluvni informaci o predpoklddané mocnosti vrstvy thickness of the peat layer and his assessment of the respecti-
raseliny a svym ocenénim prislusnych jednotkovych cen ve unit prices and item rates. In fact, the subcontractor carri-
a polozkovych sazeb. Ocenéni téchto praci totiz podzhotovitel ed out assessment of these works still before receiving the
provedl jesté pred obdrZenim predsmluvni dokumentace. To pre-contract documents. This disrupted entire concept of his
narusilo celou koncepci jeho claimu. claim.
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ZAVER

Kontinentalni i angloamericky pravni systém vcetné pri-
slu$né judikatury a sektorovych zvyklosti se ve vétSiné pripa-
du shoduji v tom, Ze riziko odli§nych geotechnickych podmi-
nek a dals{ skrytd rizika pozemku staveni$té patii pri vystav-
bé v podzemi vlastnikovi stavenisté, tedy typicky objednateli.
Vzdy je ovSem nutné vzit v potaz vliv mistniho rozhodného
préava.

Staveni§té véetné jeho podlozi a dostupnych geotechnic-
kych prognéz o jeho vlastnostech se obecné povazuji za véc
predanou objednatelem zhotoviteli k provedeni dila, a proto
objednatel zodpovidd za jakékoliv jeji nedostatky, které
ovliviiuji provedeni praci zhotovitele. Této skutecnosti ov-
Sem zhotovitel nemuZe zneuzivat k jakymkoliv spekulacim
ve své nabidce, naopak musi jako profesiondl (zkuSeny zho-
tovitel) staveni$té a dostupné udaje primérené prezkoumat
a objednatele pred moZznymi komplikacemi varovat. Zho-
toviteli se doporucuje vést zdznamy o tom, Ze nijak nezane-
dbal tuto svoji odbornou pé&i, a kromé zaddvacich podklada
primefené prezkoumal i vSechny ostatni dostupné tudaje
o stavenisti a zicastnil se prohlidky stavenisté (byla-li umoz-
néna). VZdy se ovSem tato jeho Cinnost musi posuzovat
s ohledem na Cas pro pripravu nabidky, obvyklé naklady na
pripravu nabidky a dostupnost staveni$té. Zhotovitel musi
mit schopnost rozumné oduvodnit interpretaci t€chto ddaja
a zpusob jejiho promitnuti do své nabidkové ceny. Zhotovitel
musi téZ vénovat zvySenou pozornost textu smlouvy a za-
ddvaci dokumentace z hlediska alokace rizika a jeho povin-
nosti v prubéhu realizace z hlediska fizeni geotechnickych
rizik.

Smluvni ujedndni o sdileni nebo prevzeti geotechnického
rizika zhotovitelem jsou v rdmci soukromopravniho principu
svobodné viule sice dovolend, ale musi se v takové situaci
postupovat promySlené, v dobré vife a odpovédné. Sdileni
nebo prenos geotechnického rizika musi byt predevsim trans-
parentni. Vyznam transparentnosti je typicky povySen
u verejnych zakdzek. JelikoZ pujde vzdy o vyraznou odchyl-
ku od obecnych prdavnich principu i stavebnim sektorem
vyvinutych doporucujicich norem, bude kazdé pripadné pre-
nechdni geotechnického rizika zhotoviteli spjato s pfisnéjSim
soudcovskym prezkumem, co se ty¢e ureni meznich hodnot
pro prevzeti tohoto rizika a spravedlivé odmény za prevzeti
tohoto rizika. Netransparentni pfeneseni geotechnického rizi-
ka na zhotovitele se v ramci kalkulace nabidky ve vefejnych
tendrech miZe projevit tim, Ze nabidky jednotlivych uchaze-
¢U budou neporovnatelné. Tim objednatel vytvori vyhodu pro
ty uchazece, ktefi geotechnicka rizika nezahrnou do své ceny,
¢imz se automaticky generuji dalsi velka rizika ovliviujici
efektivitu zakdzky. Objednatel proto musi pfi rozhodnuti
o mife alokace geotechnického rizika zhotoviteli nastavit
v8em uchazecum stejné vychozi geotechnické podminky pro
ocenéni. V opatném pripadé dojde pravdépodobné k netran-
sparentnimu ocenéni. Neoceni-li uchaze¢ transparentné takto
stanovené riziko, méla by jeho nabidkova cena nebo jeji pri-
slu§nd &dst byt prezkoumédna pro podezieni na mimoradné
nizkou cenu.

Smluvni podminky zakazky pak musi obsahovat ustanove-
ni Fe$ici odlisné podminky stavenisté véetné mechanismu
kompenzace pfi zastizeni odlisnych podminek, mechanismu
Cerpani rezervy, postupl pro véasné feSeni a prevenci S§kod,
jako je povinnost varovat, povinnost ozndmit naroky na
kompenzace pod sankénimi lhitami a registr rizik. Zho-
tovitel musi dédle ctit zasadu prevence $kod a minimalizovat
negativni dopady nepredvidatelnych uddlosti a ve svém
zdjmu vést samostatné zdznamy o dopadu nepredvidatelnych

SUMMARY

Including their case laws and sector habits, both the conti-
nental and Anglo-American law systems mostly agree in that
the risk of different geotechnical conditions and other hidden
risks that cling to the site grounds belong, in underground con-
struction, to the site owner, typically therefore an employer.
Influence of a local governing law, however, must always be
taken into account.

Including its subsoil and available geotechnical prognoses
on its features, the site is widely perceived as an item han-
ded by an employer over to a contractor for execution of
a work, and this is why the employer is responsible for any
drawbacks that will influence execution of the contractor’s
work. The contractor cannot, however, misuse the above for
any speculations in his bid, but — on the contrary, must — as
a professional (experienced contractor) reasonably review
the site and available data, and warn the employer of poten-
tial complications. The contractor is recommended to keep
records of that he has not neglected this professional care in
either way and of his having reasonably scrutinized not only
the procurement sources, but also all the available site infor-
mation and of his having taken part in the site inspection (if
allowed to do so). But this activity of the contractor must
always be assessed in respect of the bid preparation time
span, of usual bid preparation cost, and site availability. The
contractor must have ability to reasonably justify interpreta-
tion of these data and the way they will find their reflection
in the tender price. The contractor must also pay more atten-
tion to wording of the contract and procurement documents
from the viewpoint of risk allocation and of his duties
during the realization, regarding the geotechnical risk mana-
gement.

Although the contractual arrangements on geotechnical risk
sharing or acceptance are allowed, based on the free-will prin-
ciple, but the relevant advance must be — in such a situation —
sophisticated, in good faith, and responsible. Geotechnical risk
sharing or transfers must mainly be transparent. Importance of
transparency is typically enhanced in public contracts. As it is
always a bold deviation from widely applicable law principles
and from the unbinding standards developed in the constructi-
on industry, every potential transfer of the geotechnical risk
onto the contractor will be tied up with a more rigorous judge-
’s review as to the specification of this risk acceptance limits
and to a fair remuneration therefore. A non-transparent transfer
of the geotechnical risk onto the contractor can — within the
public tender bid estimations — find its reflection in incompa-
rability of the individual applicants’ bids. The employer will
thus do favor to the applicants who will not include the geo-
technical risks in their prices. This will automatically give rise
to additional great risks with impacts on the project efficiency.
While deciding about the geotechnical risk allocation level,
the employer must set the same initial geotechnical conditions
for assessment to all the applicants. Otherwise, a non-transpa-
rent assessment will likely result. If an applicant fails to trans-
parently assess the risk stipulated like this, his tender price or
its relevant portion should be checked for an extraordinarily
low price.

The project’s contractual conditions must then contain
a provision dealing with the different site conditions, including
the mechanism for compensations should different conditions be
encountered, the mechanism of withdrawals from reserve, pro-
cesses for settling timely and preclude damages, such as the duty
to warn, the duty to report the compensation claims subject to
penalization dates, and register of risks. The contractor must furt-
her honor the damage prevention principle and minimize adver-
se impacts of unforeseeable events and keep — in his own inter-
est — separate records of impact of the unforeseeable conditions



podminek zdkladové pudy do Easu a néakladu tak, aby unesl
dukazni bfemeno.

Mgr. DAVID HRUSKA,

david.hruska@metrostav.cz, Metrostav a.s.,

JUDr. LUKAS KLEE, Ph.D., LL.M, MBA,

klee@email.cz, Pravnickd fakulta UK, Metrostav a.s.

Recenzovali | Reviewed: Ing. Jindrich Ricica,
Mgr. Petr Hocky

OBECNA POZNAMKA K POJMOSLOVI

Zakladni tdcastniky stavebni zakdzky pojmenovavd praxe vzdy
podle toho, v jaké spolecensko-pravni poloze se doty¢né osoby
v prislusné fazi zakdzky nalézaji. Pokud tento ¢lanek pouzivd pojem
,,objednatel“, rozumi tim pro zjednoduSeni osobu, kterd (i) vytvar{
zamér néco postavit, (ii) specifikuje cil, kterému bude stavba slouzit,
(iii) kterd opatruje penize k jejich preméné na stavbu a (iv) vyhleddva
osobu, kterd stavbu postavi. Pokud by jinak pravnimu kontextu ¢lan-
ku vyhovovalo presnéjsi oznaceni osoby objednatele (napr. ,,inves-
tor*, ,,stavebnik®, ,,zadavatel“, ,,zdkaznik", , financiér* apod.), nedéje
se tak ryze z davodu zjednodusent a sjednoceni nazvoslovi.

RovnéZ pojem ,, zhotovitel “ pouZivé Clanek jako zkratku pro ruznd
oznaceni této osoby (napf. ,,stavebn{ podnikatel”, ,,dodavatel“, , ucha-
zeC* apod.).

Oznacenim ,,sprdvce zakdzky* tento ¢lanek pojmenovavd osobu,
kterou najimé objednatel nejcastéji na zdkladé smlouvy o poskytnuti
sluzby, a ktera se zabyva koordinaci, monitorovanim, dohlizenim na
soulad s normami, potvrzuje provedené préce, zkousi je a prejima, rea-
lizuje zménovd fizeni, fesi otdzky zmén ceny a harmonogramu,
vyhodnocuje claimy, interpretuje obsah smlouvy a je povinnd vyvijet
Gsili k predchédzeni sporam. Pokud by jinak pravnimu kontextu &ldnku
vyhovovalo presnéj§i oznaceni osoby spravce zakdzky (napr. ,,sprav-
ce stavby“, ,.stavebni dozor", ,,zastupce objedntele, ,,manaZer reali-

zace”, , certifikdtor”, ,,administrator”, ,,inZzenyr apod.), nedéje se tak
ryze z duvodu zjednoduSent a sjednoceni nazvoslovi.

Prispévek se stejnym ndzvem a obdobnym obsahem byl autory pre-
zentovan v ramci ,,Sekcie 5. Zmluvné vztahy a manaZment rizik
a doplrujiice predndsky “ u prileZitosti konference s mezindrodni icas-
ti ,, Tunely a podzemné stavby 2015, poradané Slovenskou tuneldr-
skou asociaci (STA) ve dnech 11.~13. listopadu 2015 v Ziling (SK).

RovnéZ byl obsah tohto ¢lanku pod stejnym ndzvem zarazen mezi
prispévky ,,13. Mezindrodni konference — Podzemni stavby Praha“
a,,3. Vyichodoevropské tuneldrské konference (EETC 2016)“, porada-
né Ceskou tuneldfskou asociaci (CZTA) ve dnech 23.~25. kvétna 2016
v Praze (tematickd sekce 7. Rizika, smluvni vztahy a financovdni).
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in the foundations subsoil on time and cost, so that he could
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Mgr. DAVID HRUSKA,

david.hruska@metrostav.cz, Metrostav a.s.,

JUDr. LUKAS KLEE, Ph.D., LL.M, MBA,

klee@email.cz, Prdavnickd fakulta UK, Metrostav a.s.

GENERAL NOTE TO USE OF TERMINOLOGY

The practice identifies the essential participants of construction
project always depending on their social-legal position concerned
respective stage of the project. If this article uses the term “emplo-
yer”, it means for easier understanding the person, who (i) generates
an intention to build something, (ii) specifies the purpose of the con-
struction, (iii) provides funds for their conversion into the construc-
tion and (iv) searches for the person who will build the construction.
If should otherwise the legal context of the article comply with more
accurate identification of the employer (e.g. “investor”, “builder”,
“owner”, “principal”, “client”, “provider” etc.), it is purely for the
reason of easier understanding and unifying of terminology.

It is also used in the article the term “contractor” as abbreviati-
on of various indications of this person (e.g. “construction entre-
preneur”, “supplier”, “bidder” etc.).

Under the term “contract administrator* this article means
a person hired by the employer on a professional service agreement
basis, who deals with coordination, monitoring, supervision of
compliance with standards, who certifies the works done, testing,
taking over, who participates in variation, price and time manage-
ment, claim evaluation, contract interpretation and dispute avoi-
dance. If should otherwise the legal context of the article comply
with more accurate identification of the contract administrator (e.g.
“engineer”, “employer’s agent”, “employer’s representative”,
“construction manager”, “certifier”, “determiner” etc.), it is purely
for the reason of easier understanding and unifying of terminology.

“«

A contribution with the same title and similar contents has been
presented by the authors within “Sekcie 5. Zmluvné vztahy
a manaZment rizik a dopliujiice predndsky* at the internatinal
conference “Tunely a podzemné stavby 2015“, held by Slovenskd
tunelarskd Asociaci (Slovak Tunneling Association — STA) in Nov.
11 to13 2015 in Zilina (SK).

The content of this article with the same title has been also inclu-
ded between contributions of ,, 13" International Conference -
Underground Construction Prague 2016“ and , 3 Eastern
European Tunnelling Conference (EETC 2016)“, held by Czech
Tunneling Association (CzTA) in May 23 to 25 2016 in Prague
(Session 7. Risk Management, Contractual Relationships
and Funding).
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€310 TUNELY POD TEMZI
CROSSRAIL C310 THAMES TUNNEL

RIKU TAURIAINEN, RAINER RENGSHAUSEN, ANDREAS RAEDLE

ABSTRAKT

Projekt Crossrail byl v casopise Tunel jiz nékolikrdt zminovany, a proto zde neni tfeba ho znovu popisovat z celkového pohle-
du. Uvddeény prispévek se vénuje samostatné ¢dsti projektu Crossrail, kterd nese oznaceni C310 — Tunely pod TemZi. Projekt C310
se nachdzi ve vychodni ¢dsti Londyna v oblasti Woolwich a spolecnost HOCHTIEF jej realizovala v horizontdlnim sdruZeni se
spolecnosti Murphy. Jednd se o velice zajimavou tunelovou stavbu raZenou kombinovanymi Stity s radou technickych aspektii, se
kterymi se bylo nutno v pritbéhu pfipravy i realizace stavby vyporddat. Zejména §lo o posouzeni rizik optimdlni volby stroje vhod-
ného do specifickych a velmi sloZitych podminek razby a proces separace vytéZeného materidlu. Usek C310 spojuje portdlové
oblasti Plumstead a North Woolwich dvéma tubusy budouci Zeleznice, jejichZ délka je priblizné 2,6 km a vnitini prumér kazdého
tunelu je 6,2 m. Usek C310 byl razen dvéma stejnymi §tity s vnéjsim primérem 7,12 m, kaZdy razil jednu tunelovou troubu a jejich
vzdjemny odstup byl priblizné 3 mésice. Maximdlni dosaZeny tydenni postup byl 156 m. Sdruzeni Hochtief — Murphy ziskalo za
tento projekt ocenéni ,,Green Line Award“ za dodrZeni vysokého standardu vlivu stavby na Zivotni prostredi v priibéhu realizace.

ABSTRACT

General information about the Project Crossrail have been published in periodical Tunel many times so due to this fact there
is no need for another description of the project from its global point of view. This paper is aimed to standalone part of the
Crossrail Project called C310 — Thames tunnel. HOCHTIEF Murphy Joint Venture (HMJV) was responsible for the construction
of two tunnels underneath the River Thames, under the contract name C310 Thames Tunnel. C310 is a challenging project exca-
vated by two mixed shields with a few technical aspects which have to be handled during the preparation phase and during the
realisation of the project. The most important aspects were especially risk evaluation process for optimal machine election for
excavation in very difficult and specific geotechnical behaviour and separation process of excavated material. The contract C310
comprises the construction of both the Plumstead and North Woolwich Portals, as well as the twin tube Thames Tunnel which has
a length of approximately 2.6km between the two portals and inner diameters of tunnel tubes are 6.2m. Section C310 has been
excavated by two mix shields with outer diameter 7,12m, each shield for one tunnel tube. First shield started approximately
3 months before the second shield. Hochtief — Murphy JV received a ‘Green Line award‘ for reaching Crossrail’s high standard
of environmental engagement.

UVOD A ZAKLADNI INFORMACE O PROJEKTU

Termin zahdjeni praci na kontraktu oznaceném C310 byl podle
smlouvy pldnovan na zacétek brezna roku 2011. Vystavba tune-
lového portdlu Plumstead zacala v listopadu roku 2011. Star-
tovaci jama byla priblizné 500 m dlouhd a hlubokd byla 20 m.
Byla zajiSténa podzemnimi sténami a prevrtdvanymi pilotovymi
sténami. V dusledku vysoké hladiny podzemni vody v okolf sta-
vebni jamy vyZzadovala stavba specidlni odvodnovaci opatfeni
v prubchu realizace s cilem do¢asné dpravy vodniho rezimu. Na
trase bylo tfeba vybudovat dalsi trvalé, pripadné docasné otevre-
né stavebni jdmy pudorysnych rozméri od 4,5 do 25 m
s hloubkou do 15 m (pro vystavbu propojek, vyménu feznych
ndstrojd, atd.). Tyto konstrukce byly stavény bud za pomoci keso-
nu jako kruhové Sachty pazené segmentovym osténim, pripadné
zapaZeny $t€tovnicovymi sténami nebo prevrtdvanymi pilotovy-
mi sténami. Samotné razby byly zahdjeny v lednu 2013

INTRODUCTION AND BASICAL INFORMATION
ABOUT THE PROJECT

Contract commencement date was in early March 2011; in
November 2011 the construction of the tunnel portal at
Plumstead commenced. The launch and reception shafts for
the TBMs comprise cut and cover approach structures of app-
roximately 500m in length and 20m in depth which were con-
structed by diaphragm walling, secant, rotary bored and CFA
piling. Due to the high water table, variable ground conditions
and adjacent assets, the excavations required substantial tem-
porary supports and extensive dewatering schemes with
recharge. Other temporary and permanent shafts (due to the
cross passages construction, possible change of excavation
tools, ...) were constructed with sizes ranging from 4.5 to 25m
and depths of up to 15m. These have been constructed by wet

a predpokladané dokonceni razeb vcetné propojek a Cerpacich
jimek bylo v zafi 2014. SdruZeni tento termin splnilo. Dokoncen{
veskerych praci probéhlo v prubéhu roku 2015.

C310 byl ndro¢ny projekt jak technicky, tak provozné, a to kvali
umistnéni stavby do centra mésta a slozitym geotechnickym pod-
minkdm. Razba probihala v proménlivych geologickych podmin-
kdch (thanetsky pisek, sedimenty fi¢ni terasy /Sterk/ a kiida
/mékka karbornatova sedimentdrni hornina/) pod hladinou pod-
zemni vody (obr. 1). Pod fekou TemZi maji tunely nadloZi pouze
priblizné 12 m. Rizeni tunelovacich praci muselo brat v Gvahu
pusobeni zmén tlaku souvisejicich s piilivem a odlivem na fece
TemZi. Ddle byla razba pod fekou TemZ{ uréovana ¢asto silné€ poru-
Senou a zvétralou kiidou, vrstvami terciérich pisku a kvartérnimi
fluvidlnimi sedimenty. Tunel prochdzi pod nekolika pamatkove

caisson techniques with precast segmental linings, sheet piling
and secant piling. The main tunnelling works started in
January 2013 and the anticipated completion of the tunnelling
work including cross passages and pump sumps is September
2014, which was met by the Joint Venture. Completion of the
whole works was as expected mid June 2015.

C310 is a challenging project, both technically and operati-
onally, due to its location and difficult geotechnical conditi-
ons. The two TBMs will drive through varying ground condi-
tions (Thanet Sand, River Terrace Deposit (Gravel), and
Chalk) below the water table (see Figure 1). During the drive
under the River Thames, the tunnels will only have an over-
burden of approximately 12m. The effect of pressure variation
due to the tidal River Thames has to be accounted for in the
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Obr. 1 Schématicky podélny geologicky profil
Fig. 1 Schematic geotechnical longitudinal section

chranénymi budovami stupné II (budovy zvlastniho zdjmu,
u nichZ je tfeba zarucit dosazeni veskerého usili k jejich ochrane),
inzenyrskymi sitémi, bezprostiredné podél provozovanych Zelez-
ni¢nich trati a pobliZ stdvajicich tuneli metra.

GEOTECHNICKE A HYDROGEOLOGICKE POMERY

Zjisténé (zastizené) kvartérni sedimenty fi¢ni terasy lze
popsat jako stfedné az velmi propustné, Sedohnédé nebo tmavé
Sedé, lehce prachovité, slabé jilovité §térky, s pfimési jemného
az hrubého pisku a jemnym aZ hrubym polozaoblenym aZ zaob-
lenym pazourkovitym Stérkem. Podil frakei je proménlivy od
Stérkovitého pisku az po piscity Stérk. PrileZitostné se v ném
nachézeji i kaminky kfemence a pazourky.

Thanetsky terciérni pisek je prevdzné souvrstvim jemnozrn-
ného pisku ve vyssich polohach a pisku se zvySenym obsahem
jili v bazdlnich vrstvdch. Nezvétralé souvrstvi je Sedé az hné-
dosedé, prechazi do svétle nazloutlé Sedé barvy. Podlozni vrst-
vy Bullhead Bed jsou tvoreny slepencem ze zaoblenych hru-
bych pazourkovitych valounu a pecek v tmavé zeleno-Sedém
jilovito-pis¢itém tmelu. Popisuje se jako propustny aZ velmi
propustny.

Priblizné 80 % pri¢ného fezu tunelu C310 se nachazi v kiide.
Kfida se obecné povazuje za slabé zpevnénou sedimentérni hor-
ninu s velmi nizkou pevnosti tvofenou bilym vdpencem ze zbyt-
ki schranek submikroskopického planktonu. Na rozdil od
mnoha vdpencu je na tzemi Velké Britanie kiida velmi rozsite-
né, a to v dusledku svého ryze planktonického puvodu. Dva
rysy, které je v kiidé béZné mozné nalézt, jsou pazourky
a slinové oblasti. Pazourek je mikrokrystalickd kfemennd horni-
na, kterd se objevuje rozptylené, obvykle ve formé Cernych
pecek nebo deskovitych pdsa ¢i ploch. Pazourky jsou velmi
tvrdé a kiehké a kontrastuji tak s pomérné slabé zpevnénou
matrici kfidy. Slinové oblasti jsou mista se zvySenou koncentra-
ci jilu.

control of the tunnelling. Additionally, the drive under the
River Thames is characterized by fissured and weathered
Chalk and layers of discontinued sediment discharge. The tun-
nel will pass underneath several grade II listed buildings, uti-
lities, adjacent to operational railway tracks and close to exis-
ting subway tunnels.

GEOTECHNICAL AND HYDROGEOLOGICAL CONDITIONS

The encountered River Terrace Deposits (Gravel) are typi-
cally described as: medium dense to very dense, grey (orange
or green) brown or dark grey, slightly silty, slightly clayey,
fine to coarse sand and fine to coarse subangular to rounded
flint gravel. The sand and gravel proportions varied from very
gravelly sand to sandy gravel. Quartzite and flint cobble are
found occasionally.

The Thanet Sand is predominately a sequence of coursing
upward fine-grained sand, with higher proportions of clay and
silts in the lower part. The unweathered formation is grey to
brownish grey, and at the surface it weathers to a pale yello-
wish grey. The basal Bullhead Bed is a conglomerate compri-
sed of rounded coarse flint gravels and nodular flints in
a matrix of dark greenish grey, clayey fine to coarse grained
sand. It is described as dense to very dense.

Approx. 80% of the C310 tunnel cross section is located in
chalk. Chalk is generally considered to be a soft/weak rock,
very pure white limestone formed from the skeletal remains of
submicroscopic algae. However, unlike many limestones,
chalk is very widespread as a consequence of its entirely
planktonic origin. Two features commonly found in Chalk are
flints and marl seams. Flint is a microcrystalline silicarock that
occurs as dispersed, usually black nodules or as tabular bands
or sheets. Flints represent very strong, brittle inclusions in
contrast to the comparatively weak host Chalk matrix. Marl
seams are horizons with increased concentrations of clay.
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Obr. 2 Startovaci jama v oblasti zdpadniho portdlu Plumstead
Fig. 2 Launching shaft at the location of west Plumstead portal

Tunel C310 prostupuje dvéma raznymi souvrstvimi kiidy —
Haven Brow Beds a Cuckmere Beds. Svrchni partie souvrstvi je
nesoudrznd, silné zvétrald a je mozné ji popsat jako bilou kfidu
nizké objemové hmotnosti, jejiZ pevnost i objemova hmotnost
se zlepSuji s hloubkou. InZenyrskogeologické tfidy kfidy jsou
v rozpéti od A do Dc. Tfida kiidy Al je povaZovdna za nejvys-
§i kvalitu horniny a tfida Dm je povazovana za nejhorsi kvalitu
horniny. CIRIA 574 zavadi obecny postup pro klasifikaci kfidy
v zdvislosti na objemové hmotnosti, vyskytu a vzddlenosti ploch
nespojitosti.

V oblasti Londyna jsou dvé zvodné. Hlavni, hlubokd zvoden
se nachdzi v souvrstvi kfidy a druhd, mélkd zvoden v sedi-
mentech fi¢n{ terasy.

Ve vychodni ¢&dsti Londyna jsou tyto dvé zvodné v hy-
drostatickém kontaktu pfimo u C310 — Tunel pod TemZi. Byl
sledovan pohyb hladiny podzemni vody v ruznych vzdélenos-
tech od feky TemzZe souvisejici se zménami jeji hladiny vlivem
prilivu a odlivu. Minimdln{ a maximdln{ drovné feky byly odvo-
zeny z hydrogeologického sledovani. Maximum je stanoveno na
vysku 104,5 m a minimum na 96,5 m nad srovnavaci rovinou.
V bezprostredni blizkosti feky TemZe je tedy mozné identifiko-
vat odchylky = 4 m od prumérné trovné podzemni vody
100,5 m nad srovnavaci rovinou.

Kolisdni HPV je zpusobeno vlivem prilivu a odliva + 3,5 m.
Zbytek vytyCené trasy tunelu méd prednastavenou odchylku
+ 1 m. Kromé hodnot poskytnutych zadavatelem se uskute¢nila
jeSté dalsi sledovani. Byla provérena dlouhodobd méreni
a prubéZné odelty piezometrickych méfeni po dobu 4 tydnu.
S témito informacemi byly definovdny tfi projektové trovné
podzemni vody. Tyto trovné ukazuji pérovy tlak vody ve stava-
jici zvodni. Pomocné vypocty tlaku byly provedeny za pouziti
téchto tif uvazovanych drovni.

RAZBY PROVADENE V OKOLI CITLIVYCH OBJEKTU
A OVLIVNENE PRILIVEM A ODLIVEM

Startovaci jama pro TBM s nizkym nadlozim
v bezprostiedni blizkosti provozované zelezniéni trati
North Kent Line

Hned po prorazce milanskych stén u portalu Plumstead probi-
hala raZba Stity v ochranném pdsmu Network Rail. Kazdy z nich
se po dobu priblizné 36 kalenddinich dnu razil v tésné blizkosti
provozované Zelezni¢ni trati North Kent Line, pod silni¢nim
mostem White Hart a u elektrické rozvodny Cathedral
Substation (obr. 2). Pfi¢ny fez tunelu je zde situovdn ve smiSe-
nych geologickych podminkédch (Stérk, thanetsky pisek a kiida)
s nizkym nadloZim priblizné 7 azZ 10 m v prvnich 150 m razby.

Two different chalk layers are hit by the C310 tunnel the
Chalk of the Haven Brow Beds and the Cuckmere Beds. The
Chalk is at the top of the layer very weak, highly weathered
and described as low density white chalk improving in both
strength and density with depth. The geotechnical and geolo-
gical gradings of the chalk have a range from A to Dc. Chalk
Engineering Grade of Al is considered to be the highest rock
mass quality, with Dm considered to be the worst rock mass
quality. The CIRIA 574 introduces a general procedure for the
chalk grading depending on the density, discontinuity aperture
and discontinuity spacing.

There are two aquifers within the London area. The main
deep aquifer is located in the Chalk Group whereas the River
Terrace Deposits contain the second, shallow aquifer.

In the eastern part of London these two aquifers are in hyd-
rostatic contact alos at C310 Thames Tunnel. A response to the
tidal motion of the River Thames was observed, depending on
the distance to the river. There is a minimum and maximum
water level were derived from the geotechnical investigations.
The maximum is set at 104.5m ATD whereas the minimum is
set at 96.5m ATD (ATD- above Tunnel datum). The variation
of + 4m to the average groundwater level of 100.5m ATD can
be found in close proximity to the River Thames.

This is due to the + 3.5m tidal influence. The rest of the tun-
nel alignment has a pre-set variation of + 1m. Besides of the
values given by Crossrail, further investigations took place.
The long-term measurements were reviewed plus continuous
reading of piezometer measurements over a time period of 4
weeks. With this information the three design water levels
were defined. These design levels indicate the pore water pres-
sure in the present aquifer. The support pressure calculations
were carried out using these three design levels.

TBM TUNNELLING UNDERNEATH SENSITIVE STRUCTURES
AND BUILDINGS AND WITH TIDAL INFLUENCE

TBM Launching in close proximity to Operational North
Kent Line with low overburden

Directly after cutting through the diaphragm walls at
Plumstead Portal the TBMs are excavating in Network Rail’s
zone of influence each for a duration of approx. 36 calendar
days close/adjacent to operational North Kent Line and
underneath White Hard Road Bridge and Cathedral
Substation (see Figure 2). The tunnel cross section is here
located in Mixed-Face Conditions (Gravel, Thanet Sand and
Chalk) with low overburden of approx. 7 to 10m for the first
150m of tunnelling.

Real-Time Monitoring devices consisting of ATS and prisms
on the railway and hydrostatic levelling cells on the Bridge
and the Cathedral Substation were installed. The HMJV moni-
toring system, Advanced Tunnel Drive Steering (ATDS), is
collecting any movement and/or potential settlement on an
ongoing 24/7 basis and showing the data in real time.

For the commencement of the tunnelling works a so called
LONO (Letter of no objection) is required from Network Rail
otherwise it is not allowed to start tunnelling. The settlements
are to be minimised and support pressure has to be controlled
in a safe and robust manner to get confidence from Network
Rail and demonstrate assurance. This point was very important
for Network rail, that there is no possibility of collapse occur-

rence at the beginning of excavation works.



Na Zeleznici bylo nainstalovano monitorovaci zafizeni schop-
né provadeét monitoring v redlném Case, sklddajici se ze systé-
mu fizeni tunelovych raZeb a optickych hranoli a hydro-
statickych méficich bunék na mosté a u rozvodny Cathedral
Substation. Monitorovaci systém sdruzeni HMJV (Hochtief
Murphy Joint Venture) — Advanced Tunnel Drive Steering
(ATDS) je pokrocilé fizeni tunelovych razeb — sbird ddaje
o veskerém pohybu a/nebo mozném seddni nepretrzité 24 hodin,
7 dni v tydnu a zobrazuje je v redlném Case.

Podminkou pro zahdjeni tunelovacich praci bylo tzv. vyjadre-
ni bez namitek (LONO/Letter Of No Objection) od spole¢nosti
Network Rail (provozovatel prilehlé Zelezniéni trati). Bez toho-
to vyjadreni nebylo dovoleno zacit s razbami. Muselo byt mini-
malizovédno sedédni a podpurny tlak na &elbé musel byt regulo-
vén bezpeénym a jednoznalnym zpusobem tak, aby se provozo-
vatel trati Network Rail presvédcil o bezpe¢ném zajisténi celé-
ho fidiciho procesu raZeb. Tim byl také ujistén, Ze nemuze dojit
k vyjimecné situaci hned se zapocetim tunelovacich praci.
Razby pod/nad citlivymi existujicimi objekty

Trasa tunelu prochdzi pod dalSimi citlivymi objekty (kanali-
zacni stoka Southern Outfall, budovy Royal Mail Building
a Middlegate House) i nad nimi (Zelezni¢ni tunel Docklands
Light ve svétlé vzddlenosti priblizné 2 m). Aby se predeslo
seddni, jez je zpusobené tunelovacimi pracemi, byla naprojek-
tovana kompenzaéni injektaZ pod rozvodnou Cathedral
Substation a pod budovou Middlegate House a nasledn¢ zreali-
zovdna nezdvisle na typu pouzitého stroje. Nejvyznamnéjsi
dpravou prosel silni¢ni most White Hart, ktery se nachdzi
zapadné od hlavniho stavenisté u Plumsteadu, priblizné 40 m od
elni stény. Aby se zmirnilo seddni zpusobené vlivem raZeb,
musely byt zaklady mostu upraveny. Uprava spoéivala
v podchyceni zdkladi mostu mikropilotami a uchycen{ zéklada
zemnimi kotvami.

Razby pod Fekou Temzi ovlivhéné piilivem a odlivem

V této oblasti musi byt brdno v potaz, Ze jsou razby ovlivio-
vény kolisanim hydrostatického tlaku zpusobenym piilivem
a odlivem na rece TemZi (obr. 3).

Délka jednoho prilivového a odlivového cyklu je priblizné 12
hodin, coZ znamena, Ze v jednom dni se opakuji dva cykly, kdy
je hladina dvakrat na svém nejniz§im bodé a dvakrdt na svém
maximu. Mezi odlivem a prilivem se hladina feky TemZe obec-
né zméni az o 8 metru, coZ zpusobu-
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Tunnelling underneath/overpassed sensitive structures

Along the alignment further sensitive structures had to be
underpassed (Southern Outfall Sewer, Royal Mail Building
and Middlegate House and overpassed (Docklands Light
railway Tunnel with approx. 2m clearance). To prevent settle-
ment from the tunnelling operations underneath Cathedral
Substation and Middlegate House compensation grouting was
designed and implemented independent from the TBM type.
White Hart Road Bridge is located west of the main worksite
at Plumstead approximately 40m from the launch headwall. To
mitigate against settlement caused by tunnelling operations,
the foundation of the bridge had to be supported. To strengt-
hen/support the foundation of White Hart Road Bridge,
a micro-pile and soil anchor scheme was the preferred method
for the underpinning of the bridge.

Tunnelling within tidal influence and underneath
River Thames

In this area the pressure variation due to the effects of the
tidal River Thames has to be taken into account on the tunnel-
ling (see Figure 3).

Due to the proximity to the sea, the Thames Water Level and
therefore the adjacent groundwater level, is highly affected by
the tides. The duration of one tide cycle is about 12 hours,
meaning that two cycles with two minimum trough and two
maximum peaks per day. Between low tide and high tide the
Thames Water Level alternates in general up to 8m, causing
relevant face pressure changes of approx. 0.8 bar. Therefore
the support pressure has to be constantly reviewed and resp.
adapted. An additional item is the time dependence of the dam-
ping. In the boreholes adjacent to the river the measured delay
was approximately 0.5 hour. This time effect will be covered
by an increase of the pore water pressure by 2.5m for low
Thames Water levels. The increase of 2.5m creates at lowest
Thames Water level a confined pore pressure. The damped
value is used to calculate the corresponding theoretical support
pressure.

Detailed operational tables for the supporting pressure for
the regular tunnel drive derived from the detailed calculations
have been developed.

je vyznamné zmeny tlaku na celbé
priblizné 0,8 bar. Proto musi byt
podpurny tlak na razicim stroji neu-
stale sledovén a pfipadné upravovdan.
Dalsi zdleZitosti je ¢asovd zdvislost
odeznivani pfilivu a odlivu. Ve
vrtech pobliz feky bylo naméreno
zpozdéni priblizné pul hodiny. Tento
Casovy dopad byl vyfeSen navySenim
poérového tlaku vody o 2,5 m
v pripadé nizké hladiny feky TemZe.
NavySeni o 2,5 m vytvari pfi nejniz-
§i hladiné feky TemZe vymezeny
porovy tlak. Tato hodnota se poté
pouzivd k vypoctu odpovidajictho & =
teoretického podpurného tlaku. < £ AP
Byly vypracoviny podrobné pro- N o

vozni tabulky tykajict se podpiiného P sevemi woolwichsky portl
tlaku pro standardni razbu tunelu,
které byly zaloZeny na detailnich - A
vypoctech. Pro kazdou pozici prsten- '
ce, tudiz pro kazdy metr tunelu byl
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Obr. 3 Letecky snimek raZeb pod rekou TemZi
Fig. 3 Tunnelling underneath the River Thames
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z vypodta pri¢nych fezu zkompilovan a interpolovédn odpovidaji-
ci tlak pro tfi rizné trovné podzemni vody.

Na zdkladé téchto tabulek se provadi automaticky vypocet
a prislusnd korelace podpurného tlaku k méfenim piilivu a odlivu
(zndzornénd upravend hladina podzemni vody) v ramci systému
fizeni procesu razby a zpracovéani tdaju raziciho stroje (Data
Process Management System TPC). Nasledné se zobrazi teoretic-
ky podpurny tlak. Upravend troven vody pro vypolet teoretické-
ho podpurného tlaku je omezena na minimdlné 99 m nad zdklad-
ni srovndvaci rovinou, ackoli minimdln{ hladina feky, se kterou se
pracuje v projektu, je 96,5 m nad zdkladni srovndvaci rovinou.
Davodem je zachovat konzervativni predpoklad. Kdyz je hladina
feky TemzZe nizko, tak se musi predpokladat, Ze pri ustavani vlivu
odlivu muze ¢dst vody zustat v zemi, pfi¢emz pérovy tlak by byl
vys§i, nez ktery by odpovidal skute¢né tirovni feky TemZe.

VOLBA RAZICIHO STROJE

Zadédvéni kontraktu, kde je predpoklddand razba razicim stro-
jem, md nékolik zdkladnich specifik.

V pripadé smluvnich podminek podle Zluté knihy FIDIC
(Design & Build) dostane zhotovitel pouze data o geologickém
prostiedi v dané oblasti a na zakladé toho si musi sdm se svym
projektantem na jejich vlastni riziko stanovit, jaky razici stroj
pouZije a jak stanovi ménici se podpurné tlaky na elbé (jak
zohledni variabilitu podpurnych tlakl). Na zdkladé téchto dat
razbu oceni. V takovém pripadé pak veskeré riziko spojené se
$patnou volbou stroje, pripadné se Spatnym odhadem médu
razby v zadanych geologickych podminkdch nese zhotovitel
a zadavatel nese riziko spojené se $patnou predpovedi geologic-
kych podminek, kterou dal zhotoviteli k dispozici. Nékdy muZe
byt i v zaddvacich podminkéch stanovené, Ze zhotovitel je povi-
nen si ocenit dodate¢ny IG pruzkum, ktery si specifikuje podle
jim pozadovaného rozsahu.

Tento smluvni model se pouZiva vétSinou v pripadech, kdy
zadavatel nedokdZe na svou stranu ziskat zkuSené odborniky
a konzultanty, ktefi mu umi pripravit spravné zadani soutéze,
pripadné se pouzivd v pripadech, ve kterych pfichdzi do tvahy
vice zpusobu technického feSeni a je mozné predklddat alterna-
tivni realizacni feSeni. Tento model smluvnich podminek se
zhotovitelem se také Casto uplatiuje v kombinaci s projekty
PPP, které jsou financovdny soukromymi subjekty, které nema-
ji tak Siroké zkuSenosti se spravnym zaddvdnim kontraktu, navic
také Casto pozaduji optimalizaci. V takovém pripadé nelze pfi-
1i§ navySovat smluvni cenu, 1ze provadét navyseni smluvni ceny
pouze na zdklade velice odliSnych geologickych podminek
oproti zaddni.

V pripadé smluvnich podminek podle ¢ervené knihy FIDIC
(Design, Bid, Build) si musi zadavatel vybrat natolik zkuseného
projektanta, ktery umi nadefinovat ménici se podpurné tlaky na
Celbé v projektové dokumentaci, dokdZe stanovit po trase pro-
centudlni rozloZeni razeb v uzavieném/otevieném mdédu (polou-
zavieny mod se zahrnuje do otevieného) a dokdze stanovit
i optimdlni stroj pro razbu daného projektu. Piiprava takové
dokumentace vyzaduje samozfejmé rozsdhlou zkuSenost
i v projekéni sféfe. Zadavatel miva na své strané jesté vétSinou
zkuseného konzultanta, ktery mu pomdha zajistit, Ze zaddvaci
dokumentace je v odpovidajicim rozsahu a kvalit¢ a umozni
spravny vybér budouciho zhotovitele. Jediné v takovém pripadé
dokéze zadat kontrakt spravné a nemuZe dochézet k pozdéjsim
sporum. Zhotovitel si potom musi spravné ocenit jednotlivé
moédy razby, a jelikoz se z principu jednd o méfeny kontrakt,
zhotovitel potom fakturuje médy razby podle predem vycisle-
nych polozek. V nékterych piipadech muZe zadavatel ponechat
volbu stroje na zhotoviteli, nicméné i v takovém pfipadé si musi
zhotovitel spravné ocenit jednotlivé mddy razby. Cena se potom

For each ring position and resp. tunnelmeter the correspon-
ding pressures for the 3 different water levels have been com-
piled and interpolated between the calculation cross sections.

Based on those tables an automatic calculation and respecti-
ve correlation of the support pressure to the tide measurements
(illustrated damped water level) within the TBM Data Process
Management System TPC takes place. Subsequently the theo-
retical support pressure is illustrated. The damped water level
for the calculation of the theoretical support pressure is capped
at a minimum of 99m ATD although the minimum design river
water level is 96.5m ATD. The reason for this is to maintain
a conservative assumption. During low Thames Water Level
we have to assume that, through the damping effect, some
water could remain in the ground, whereby the pore pressure
would be higher than the actual river level.

TBM MACHINE TYPE SELECTION

Awarding contracts in case of which mechanized tunnelling
is expected has several basic particularities.

In case of contractual terms according to FIDIC Yellow
Book (Design & Build) the contractor receives only data about
geological environment in the given area and on the basis of
that it has to determine together with its designer at their own
risk which tunnel boring machine it shall use and how it shall
determine variations of support pressures at the face and on the
basis of this data it has to price the tunnelling. In such a case,
all the risks associated with incorrect selection of the machine
or wrong estimate of the tunnelling modes in the given geolo-
gical conditions are borne by the contractor and the contrac-
ting authority bears the risk associated with incorrect predicti-
on of the geological conditions that it provided to the contrac-
tor. Sometimes, it may even be stipulated within the tender
conditions that the contractor is obliged to price additional
engineering geological survey, which is specified according to
the scope required by it. Such a contractual model is mostly
used in those cases when the contracting authority is not able
to acquire experienced experts and consultants who can prepa-
re correct tender specifications or it is used in cases when
several methods of technical solution are considered and it is
possible to submit alternative execution designs. Such
a contractual terms model with the contractor is also often
used in combination with PPP projects that are funded by pri-
vate entities that do not have such broad experience with cor-
rect contract awarding and, moreover, they often require opti-
mization. In such a case, the contractual price cannot be incre-
ased too much; increase of the contractual price can only be
made on the basis of extremely different geological conditions
compared to the tender documents.

In case of contractual terms according to FIDIC Red Book
(Design, Bid, Build), the contracting authority has to choose
a designer experienced enough to know how to define in the
design documents the variations of the support pressures at
the face, who knows how to determine proportional distribu-
tion of the tunnelling works in closed/open mode (semi-clo-
sed mode is included in the open mode) along the route and
who even knows how to determine optimum machine for the
tunnelling in the given project. Preparation of such documents
evidently requires extensive experience also in the designing
field. The contracting authority usually has on its side also an
experienced consultant who helps it to secure that the tender
documents are in the adequate extent and quality to enable
correct selection of the future contractor. Only in such a case,
it is able to award the contract correctly and future disputes
are avoided. Then, the contractor has to price the individual



Obr. 4 Razici §tit (kombinovany $tit) v tovdrné Herrenknecht
Fig. 4 Mixshield TBM, factory acceptance

muZe navySovat tam, kde je nesoulad ocekavaného mnoZzstvi
danych ocenénych polozek se skutenosti.

V tomto pripadé smluvni podminky umoznovaly jak technolo-
gii kombinovaného §titu (Mix Shield), tak zeminového Stitu (EPB
— Earth Pressure Ballance Shield), nicméné veskeré zadan{ od pro-
jektanta bylo jasné specifikované. Vyhody a nevyhody $titu zemi-
nového a Stitu s podepfenim Celby bentonitovou suspenzi pro
tunely pod Temzi C310 byly diskutovany az po udéleni zakéazky.

Jak je uvedeno v predchozi kapitole, v pripadé projektu C310
muselo byt behem faze spusténi raziciho §titu zajisténo provo-
zovani Zelezni¢ni trati North Kent Line. Kromé toho v oblastech
s nizkym nadloZim a pod/nad citlivymi objekty byly z hlediska
fizeni rizik razeb rozhodujicimi faktory pro kone¢ny vybér stro-
je kontrola podpurného tlaku a ndslednd minimalizace seddni.

Z tohoto duvodu byly budoucim zhotovitelem zkoumény
a ndlezitym zpusobem zvéaZeny hlavni kritéria a pozadavky na
odpovidajici vybér nejvhodnéjsiho typu stroje. Jednalo se
zejména o bezpecnost, dodrZeni rozpoctu/ndklady, zabezpefeni
harmonogramu, minimalizace sedani, vyrovnani se se slozitymi
geologickymi podminkami a variabilitou hydrostatického tlaku
(ménicim se podparnym tlakem z divodu ménici se hladiny
podzemni vody), logistika, zpracovani rubaniny, vnéjsi vlivy,
predchozi zkuSenosti v dané lokalité a rizika.

Na zacétku projektu pripravilo sdruzeni Hochtief — Murphy JV
srovnavaci posouzeni rizik, které vzalo do tvahy vyse uvedena
kritéria a odpovidajici posouzeni vdhy/vyhodnoceni/porovnédni
ruznych kritérii v souvislosti s odpovidajicim typem raziciho
Stitu. Kombinovany §tit je sice drazsi, ale v celkovém vyhodno-
ceni posouzeni rizik prekonal zeminovy §tit, a proto bylo roz-
hodnuto pouZzit na zakdzce C310 tento typ stroje (obr. 4).

Kombinovany $tit (Mix Shield) je navrZen specidlné pro oCe-
kévané geologické podminky, a tak se minimalizuje sedani zpu-
sobené vlivem razby a také se zajiStuje neustala kontrola pod-
parného tlaku na &elbé, ktery muze byt v redlném Ease upravo-
van podle prislusnych zaznamenanych tdrovni podzemni vody
a odpovidajich tlaki vody zminénych v predchozim odstavci.

Kombinovany S§tit je mozné pouzit jako bentonitovy (Slurry
Shield) nebo pneumaticky (Compressed Air Shield).

Vpredu se na stroji nachdzi feznd hlava, za feznou hlavou
pracovni komora a tlakovd komora, které jsou oddéleny pono-
fenou sténou. Rubanina vystoupd za ponofenou sténu a polS§tar
ze stlaceného vzduchu na ni vyvine poZadovany tlak tak, aby se
prubézné vyrovnaly vykyvy tlaku v této &dsti stroje podle
informaci z fidiciho systému stroje.
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tunnelling modes correctly and because it on principle is a re-
measured contract the contractor then invoices the tunnelling
modes according to the items previously priced. In some
cases, the contracting authority may leave the machine selec-
tion to the contractor, but even in such a case, the contractor
has to price the individual tunnelling modes correctly. Then,
the price can be increased where there is a discrepancy
between the expected quantity of the given items priced and
the reality.

In our case the contract allowed for both Mixshield-and EPB
TBM Technology, nevertheless all details were clearly specifi-
ed by the designer. The advantages and disadvantages of
a TBM-S with Earth Pressure Balanced face support (EPB-
TBM) and a TBM-S with Slurry Face support (Mix-Shield
TBM) for the C310 Thames Tunnels were discussed after con-
tract award.

As described in chapter 3 for the C310 Project disruption to
the operation of the North Kent Line had to be assured during
the TBM Launching phase. Furthermore for the tunnelling in
areas of low overburden underneath sensitive structures the
control of support pressure and subsequent minimisation of
settlements were decisive factor for the final selection of the
TBM from risk management point of view.

The following main criteria and requirements for an appro-
priate selection of the most convenient TBM Type were inves-
tigated and respectively considered (safety, within bud-
get/costs, programme security, settlement minimization,
coping with C310 geotechnical conditions, logistics, treatment
of spoil e.g. disposal of chalk, interventions, previous experi-
ence e.g. DLR Tunnels/CTRL 320 and risks).

HMIJV prepared a comparative risk assessment at the begin-
ning of the project which considered the above listed criteria-
’s and an appropriate weighting/scoring/comparison of the dif-
ferent criteria’s regarding the corresponding TBM Type. Table
1 illustrates and outlines the detailed comparison. A Mixshield
TBM is more expensive but in overall scoring of risk assess-
ment has outperformed the EPB TBM and therefore it has been
decided to use this type at C310 (see Figure 4).

The TBM finally used on the C310 Thames Tunnel, called
a Mixshield TBM, is especially designed for the expected
ground conditions which minimise settlements and also ensu-
res a continuous face support control which can be adapted in
real-time, to the appropriate monitored water levels and res-
pective water pressures.

A Mixshield TBM can be used as a slurry-shield or
a compressed air shield machine.

Located at the front of the TBM is the cutterhead; behind the
cutterhead is the pressure chamber, or excavation chamber,
which is divided by a submerged wall. The slurry rises behind
the submerged wall and a compressed air cushion applies the
necessary pressure onto the slurry to compensate for pressure
fluctuations in this part of the machine.

The excavated soil is mixed with the slurry and is pumped
out at the bottom of the excavation chamber for separation at
the slurry treatment plant located outside of the tunnel. For
compressed air support, the pressure chamber is partly or fully
filled with compressed air.

SPOIL TREATMENT IN CHALK, USE OF FILTERPRESSES

Due to the use of a slurry shield TBM a plant is necessary to
filtrate the spoil out of the slurry respectively to recycle it. This
task is handled by the STP. To manage the excavated material
by a maximum tunnelling advance up to 80mm/min a slurry
flow rate of 1600m3/h needs to be treated. This material consist
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VytéZend zemina se smisi s bentonitovou suspenzi a Cerpd se
ven ze stroje na dné pracovni komory, dile putuje do separacni-
ho zafizeni, které se nachdzi vné tunelu, zde dochdzi k oddéleni
suspenze od jemnych Castic zeminy, a poté se suspenze vraci
zpét do tunelu k opétovnému pouziti. K vyuZiti podpory stlace-
ného vzduchu je tlakovd komora bud jen &dste¢né&, nebo zcela
naplnéna stlatenym vzduchem.

ZPRACOVANI RUBANINY V KRIDE, POUZITI KALOLISU

Vzhledem k pouziti bentonitového §titu je potfeba zafizen{
k separaci vytéZeného materidlu, respektive jeho recyklaci. Tento
dkol je feSen separaénim zarizenim. Za t¢elem kontroly mnozstvi
vytéZeného materidlu s uvaZzovanim maximélniho postupu razby
az 80 mm/min je nutno zpracovat vytéZeny materidl v mnoZstvi
1600 m3/hod. Tento materidl se sklddd z thanetskych piska
a kridy s proménlivym obsahem pazourku (5 az 25 %). Zvlasté
Castice vytézené kiidové rubaniny, které jsou az ze 100 % mensi
velikosti neZ 40 um, se v suspenzi rozptyli natolik, Ze je zapotre-
bi provést dali zpracovani kalolisy. Aby se splnil dohodnuty zpu-
sob zpracovani a likvidace rubaniny, vlhkost zpracované vytéze-
né zeminy nesméla prekrocit hodnotu 35 %.

Separaéni zafizeni se skladd z ndsledujicich péti hlavnich
¢asti (obr. 5):

e usek oddéleni hrub$iho materidlu, odstranéni pisku

a odkalovanf;

e zpracovani suspenze;

e primdrni pfiprava suspenze;

e zpracovani vody;

e zpracovani prebyte¢ného kalu.

V rotacnim vdlci s integrovanym sitem jakoZto separacni jed-
notce se oddé€li veskery materidl o velikosti vét$i nez 8 mm. Tento
materidl odpadd pfimo na pasovy dopravnik a je dopravovéan na
sklddku vytéZeného materialu.

Veskerd suspenze a zrna, jeZ se dostaly skrz otvory sita, jsou
rozdéleny na tfi stejné Casti a shromazdény v prislusnych malych

TuHel

Thanet sands and Chalk with a various amount of flint stones
(5 to 25%). Especially the particles of the excavated Chalk
spoil, which are up to 100% with smaller 40um in size, disper-
se in the slurry and so an additional treatment is carried out by
filter presses. To suit the agreed spoil management and dispo-
sal, the moisture content of produced spoil from the treatment
plant shall not exceed 35%.

The STP consists of the five following principal components
(see Figure 5):

¢ scalping, desanding and desilting section;

e slurry management;

e primary slurry preparation;

° water management;

 treatment of excess mud.

A rotating drum with an integrated screen cuts off all the
material with a size bigger than 8mm as a scalping unit. This
material drops straight away on a belt conveyor and is tran-
sported to the dump.

All the slurry and the grains, which passed the openings in the
screen, are split in three equal volumes and collected in respec-
tive small tanks. There are three parallel lines including
a desanding and desilting section. In each line a centrifugal
pump driven by a 132kW electric motor feeds two big cyclones
(650mm in diameter) with the slurry out of the intermediate sto-
rage tank. The underflow of the cyclones is sent on a dewatering
screen, where all the solids cut off the fluids and dropping down
on the belt conveyor. The fluids and particles, which passing the
openings will be pumped again through the desanding compo-
nents. The overflow of the cyclones with a size smaller than
70pum feed an additional tank for the desilting section, where
a similar process starts, but with 12 smaller cyclones (250mm in
diameter) and a cut size of 40um. The underflows of these cyc-
lones are sent to the dewatering screen as well. One part of the
overflow is sent again to the cyclones and the other one is sent
by gravity to the slurry management section.

separacni jednotka a Upravna
separation treatment plant

|

cirkulaéni bentonit
circulation bentonite

Cerstvy bentonit
| fresh bentonite

recyklovana voda
recycled water

davkovani mletého vapence
chalk proportioning dopravnik
conveyor

vytézény material
dum

kalolisy / filter preses

elektricky transformator
electrical transformer

odpadni suspenzi
tank

vaste sl

Obr. 5 3D model separaéniho zarizeni
Fig. 5 3D model of Slurry Treatment Plant (STP)




nadrzich. Jsou zde tfi paralelni linky vcetné tseku odstranéni
pisku a odkalovani. V kazdé lince je odstredivé Cerpadlo, které je
pohdnéno 132kW elektrickym motorem, jenz napdji dva velké
odludovace (o pruméru 650 mm) se suspenzi z meziskladovaci
nadrZe. Nadsitné z odluc¢ovacu se posild do odvodnovaciho sita,
kde se vSechny pevné latky odd€li od tekutin a padaji doli na
pasovy dopravnik. Tekutiny a ¢astice, které projdou otvory, jsou
znovu Cerpany skrze zafizeni zajistujici odstranéni pisku.

Podsitné z odlucovadu o velikosti mensi nez 70 ym zdsobuje
dalsi nadrz v dseku odkalovani, kde zacind podobny proces, ale
s 12 men§imi odlucovadi (o pruméru 250 mm) a o oddélovaci veli-
kosti 40 ym. Nadsitné z téchto odluCovacu je také posildno do
odvodnovaciho sita. Jedna ¢ast podsitného je posilana znovu do
odlucovacu a druhd je posldna samospddem do dseku zpracovani
suspenze.

Usek zpracovéni suspenze obsahuje nékolik nadrzi na sklado-
vani regenerované suspenze, odpadni suspenze, nové (Cerstvé)
bentonitové suspenze a dvé mensi nadrze tak, aby cyklus mohl
béZet v ruznych reZzimech. S pomoci mnoha senzort a ventila
programovatelného logického fidictho systému (Programmable
Logic Controller/PLC) muZe Gpravna pracovat v automatickém
rezimu a nastavovat pozadované vlastnosti suspenze, kterd ma
byt posldna zpét do tunelu do pracovni komory.

Po prachodu jednotkou na odstranéni pisku a kalu je suspenze
distribuovana tak, aby byla znovu pouZzita v rdmci daného cyklu,
a to posldnim do nddrZe na regenerovanou suspenzi,
a prebyte¢nd suspenze je uloZena v nadrzi na odpadni suspenzi.
V této nddrzi jsou nainstalovdna dvé michadla z duvodu zabra-
néni usazovdni pevnych ldtek.

Poslednim krokem v procesu separace je zpracovani prebytec-
né suspenze provedenim filtrace na kalolisech. Pfedtim, neZ je
suspenze preCerpana do komor kalolist, je pfiddno definované
mnozstvi vdpenného mléka. Proto musi byt vdpno smichdno
s vodou a musi vyzrit v pripravné jednotce. Smés vody
a vdapenného prasku se misi podobnym procesem jako pri pri-
prave Cerstvého bentonitu. V zdvislosti na nastaveni koncentra-
ce vapenného mléka, coZ je mozné provést v kabiné obsluhy, je
vypocitdno pozadované mnoZzstvi mléka za pouZiti hodnot odto-
ku z nddrZe odpadniho materidlu méfeného pomoci prutokomeé-
ru a hustoméru. Vapenné mléko se pridd pred odstredivym Cer-
padlem, to pak privddi vzniklou smés do dvou skladovacich sil
pred tim, neZ je napumpovana do kalolisu. Funkci vdpenného
mléka ve filtracnim procesu je akcelerace samotného procesu
a také snizeni lepivosti povrchu filtra¢niho kolace, ktery se pri
procesu vytvari, za tcelem jeho lepSiho vypousténi.

Filtraéni proces zahrnuje kroky uzavfeni, plnéni, lisovdni,
nafouknuti (pouze u dvou kalolisu), profouknuti, otevieni
a odstranéni filtra¢niho kolage. Je zde $est filtra¢nich lisu s tim,
ze kazdy umoznuje zpracovani 14,5 t/h odvodnéného materidlu.
Ctyfi z nich jsou normdlni komorové kalolisy s maximalnim tla-
kem az 250 bar vyvyjenym dvéma hydraulickymi jednotkami.

Dalsi dva jsou membranové komorové kalolisy, které po nor-
maélnim procesu plnéni vyuzivaji dal§iho procesu stlacovani
nafouknuti. Diky tomuto dal§imu procesu je tlak mnohem vyssi,
az 400 bar. Zpracovani nadbyte¢ného odpadového materidlu
za&ina uzavienim 100 komor kalolisu, po kterém nasleduje pIné-
ni. Tak je objem pfiblizné 7300 litri smési vypumpovdn ze skla-
dovaciho sila do komor kalolist. Pevné &dstice suspenze ulpiva-
ji na povrchu filtraéni plachetky a vytvareji takzvany filtracni
kola¢ a zbytek protéka skrze kold¢ a plachetku do filtracnich
desek, kde je odvedena skrze malé drendzni kandlky zpét do
nadrze. V dusledku zvySujici se tloustky filtraéniho koldde tlak
vystoupd az na 7 bar. Pfi této nastavené hodnoté tlaku jsou plni-
ci Cerpadla upravena tak, aby tento tlak udrZela po urcitou dobu,
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The section of slurry management includes some tanks to
store the regenerated slurry, the waste mud, the main bentoni-
te, a distribution box and two smaller tanks to run the circle in
different modes. With the help of many sensors, valves and the
Programmable Logic Controller (PLC) the plant can run in
automatic mode to set the required properties of the slurry,
which should sent to the excavation chamber.

After passing the desanding and desilting section the slurry
will be distributed to be reused in the slurry circuit by sen-
ding to the regenerated slurry tank and the excess slurry is
stored in a waste mud (waste slurry) tank. To prevent sedi-
mentation of the solids two agitators are installed in this tank.

The last separation step is the treatment of this waste mud
by carrying out a filtration process with the filter presses.
Before the slurry will be pumped into the chambers of the fil-
ter presses, a defined amount of lime milk will be added.
Therefore lime powder needs to be mixed and maturated in
a preparation unit. Lime milk consists of water and lime pow-
der and is mixed in a similar process like the main bentonite
preparation. Depending on the settings for lime milk con-
centration and lime dosage, which can set in the operators
cabin, the required amount of milk will be calculated utili-
zing the values of outflow of waste mud tank measured by
a flow- and densimeter. The lime milk is added in front of
a centrifugal pump, which feeds the limed mud into two sto-
rage silos, before pumping into the filter presses. The purpo-
se of lime milk for the filtration process is to accelerate the
process itself and also to reduce the stickiness of the filter
cake surface to improve the discharge of the filter cakes.

The filtration process includes the steps of closing, feeding,
inflating (only two filter presses), core blast, opening and
demoulding. There are six filter presses, where each allows
a treatment of 14.5t/h of dry mud. Four of them are normal
chamber filter presses with a maximum closing pressure up to
250 bar, supplied by two hydraulic jacks. Another two are
membrane chamber filter presses, which using after the nor-
mal feeding process an additional squeezing/inflating pro-
cess. Due to this additional process, the closing pressure is
with 400 bar much higher. The excess mud treatment starts
with the closing of the 100 chambers of a filter press and is
followed by the mud feeding. Thereby a volume of approxi-
mately 7300 litres of limed mud out of the storage silo is
pumped into the chambers. The solid particles in the slurry
collecting on the surface of the filter cloth and creating so
called filter cake. At the same time the water flows through
the cake and the cloth into the plates, where it led via small
channels to a drain into a tank. In consequence of the increa-
sing thickness of filter cake, the pressure goes up to 7 bar. At
this pressure set-point the feeding pumps are regulated to
hold that pressure for a certain time until the filtration pro-
cess is finished. Before the core blast sequence starts, the
inflating mode is carried out by the two membrane filter pres-
ses. During this mode the volume of the chamber is reduced
by inflating membranes in the plate’s utilization 14 bar water
pressure. Due to this compression residual water contained in
the cake is removed. The pressure is held over a certain time
until the process is end by a required criterion. After finishing
this mode respectively following the feeding process (filter
presses without membranes) the liquid core in the presses
needs to be removed. This is necessary to prevent the liquid
mud falling down on the dry filter cakes. Therefore compres-
sed air is passed through the centre of the filter press to dis-
charge the material into a small tank, where it is pumped back
to the limed mud silo. Before the hydraulic pressure is released
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dokud nenf filtraéni proces dokoncen. Pfedtim, nez
zacne krok profouknuti, jsou nafouknuty membra-
ny v membranovych kalolisech. Béhem tohoto
rezimu je objem komory sniZen nafouknutim mem-
bran aZ na tlak 14 bar. Diky tomuto stlacenf je zbyt-
kovd voda obsaZzend v kold¢i odstranéna. Tlak je
udrZzovdn po urcitou dobu, dokud neni proces
ukoncen dosaZenim poZadovaného kritéria. Po
dokonceni tohoto rezimu musi byt tekuté jddro
v lisech odstranéno. To je nezbytné, aby se zabra-
nilo paddni tekuté hmoty na odvodnéné filtracni
kolaCe. Proto je stied filtraéniho lisu profouknut
stlatenym vzduchem, aby se tekutd hmota vypusti-
la do malé nadrze, kde je vyCerpana zpét do nadrze
materidlu pfipraveného k odvodnéni v kalolisech.
Predtim, neZ je hydraulicky tlak uvolnén, aby se
umoznilo otevreni filtra¢nich desek, se membrany
odvodni. Poté je v definovaném poradi stla¢eny vzduch tlaten do
hydraulickych zveddki na obou strandch mezi deskami, aby se
poskytl dostatek prostoru pro klesdni desek. Koldce vypadnou
pomoci gravitace s podporou vibrace desek. Kolace padaji do pri-
pravenych kontejner, kde mohou byt vyzvednuty kolesovym
naklada¢em, smichdny s materidlem z pdsového dopravniku
a naloZeny na ndkladni viz (obr. 6).

ZAVER

Projekt C310 roz§ifil vyznamnym zpusobem zkuSenosti
zaméstnancu a expertu spole¢nosti Hochtief (zde ve sdruzeni
Hochtief — Murphy) v oblasti raZby tuneld mechanizovanou
razbou. Po razbé Gotthardského bazového tunelu horninovymi
razicimi stroji s extrémné vysokym nadloZim, coZ byl svym
zpusobem ojedin€ly projekt svétového rozméru, pres nékolik
desitek kilometri vyraZenych tuneld zeminovymi a bento-
nitovymi $tity v pomérné predvidatelnych podminkdch v raz-
nych koutech svéta, zde priSla prilezitost ziskat zkuSenost
s mechanizovanou raZzbou v naprosto odliSném a velice sloZi-
tém geologickém prostiedi, kde bylo tfeba se vyporadat
s rychle se ménicim tlakem na Celbé stroje, udrZet hodnoty
poklesu terénu vlivem razby na minimélnich hodnotdch z du-
vodu moznosti silného dopadu na chranéné existujici objekty
v okoli a vyporadat se s naronym procesem Upravy a separace
vytézeného materidlu. Zhotovitel predal kompletni dilo dle sta-
noveného harmonogramu, v poZadované kvalité a s dodrzenim
planovaného rozpoctu stavby.
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Obr. 6 Letecky pohled na separaéni zarizeni
Fig. 6 Slurry Treatment Plant

to allow an opening of the plates the membranes get drained.
Then in a defined order compressed air is pushed in hydrau-
lic jacks on both sides between the plates to provide enough
space for dropping of the cakes. The discharge of the cakes is
done by gravity and supported by shaking of the plates. The
cakes falling down in a provided box, where they can be col-
lected with a wheel loader, mixed up with material from the
belt conveyor and loaded on a lorry (See Figure 6).

CONCLUSION

The Project C310 significantly widened experience of
employees and experts of the company Hochtief (in this
case, in a joint venture Hochtief — Murphy) in the field of
mechanized tunnelling. After tunnelling the Gotthard Base
Tunnel by the rock tunnel boring machines with extremely
high overburden, which was in its way a unique project of
global importance, together with several tens of kilometres
of the tunnels driven by EPB and SPB shields in relatively
predictable conditions all around the world, this was
a unique opportunity to gain experience with mechanized
tunnelling in completely different and very complicated geo-
logical environment where it was necessary to compensate
for rapid pressure fluctuations at the machine’s head and to
maintain values of subsidence caused by the tunnelling at
minimum values due to possibility of strong impact on the
existing protected buildings in the vicinity. The contractor
handed over the completed Work within the time schedule
set, in the required quality and in compliance with the con-
struction’s budget planned.
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NAVRH MIKROTUNELOVANI PLYNOVODU PRETINAJICIHO
ENVIRONMENTALNE CITLIVOU OBLAST POBREZ| V AUSTRALII

DESIGN OF A UTILITY-MICRO-TUNNEL FOR CROSSING UNDER
A SENSITIVE SHORE AREA

TANER AYDOGMUS, CARSTEN SCHULTE

ABSTRAKT

Projekt Wheatstone v hodnoté 29 miliard australskych dolari provozovany spolecnosti Chevron je jednim z nejvétsich projekti
zamérenych na nakldddni s prirodnimi zdroji v Austrdlii. Nachdzi se v oblasti Ashburton North, 12 kilometrii zdpadné od mésta
Onslow v Zdpadni Austrdlii a bude se sklddat ze dvou zdvodii na zkapalnovdni zemniho plynu (LNG) o celkové kapacité 8,9 milionu
tun roéné a mistni paroplynové elektrdrny. TeZba zemniho plynu bude provddeéna z naleziste v mori, nachdzejiciho se asi 250 km od
pobreZi Onslow v Zdpadni Austrdlii. Jakmile bude projekt Wheatstone v provozu, Austrdlie se stane druhym nejvétsim vyvozcem LNG
na svété. Pro prekondni environmentdlné citlivé oblasti pobreZi byl vyrazen mikrotunel o vnitinim priuméru 2 m a o délce priblizné
1242 m, a to technologii protlaku. Tento tunel bude vystrojen potrubim o priuméru 1,1 m, kterym bude proudit plyn ze zaFizeni pro
Jjeho tezbu v mori. Vyprojektovdni této stavby prindsi radu jedinecnych vyzev prdve proto, Ze startovaci jama se nachdzi na pobreZi,

pricem? samotnd trasa tunelu protind oblast pobreZi a koni v demontdzni jame nachdzejici se v mori. Tento ¢ldnek poskytuje shrnuti
projektu Wheatstone Shore Crossing, predstavuje jeho vyznamné rysy a zabyvd se hlavnimi aspekty projektu mikrotunelovdni.

ABSTRACT

The A$29 billion Chevron-operated Wheatstone Project is one of Australia’s largest resource projects. Located at Ashburton North, 12
kilometres west of Onslow in Western Australia, the project will consist of two LNG trains with a combined capacity of 8.9 million ton-
nes per annum and a domestic gas plant. The LNG Plant will serve the offshore gas fields, which are situated some 250km off the coast
of Onslow in Western Australia. Once operational and on-stream, the Wheatstone Project will contribute to Australia becoming the worl-
d’s second largest exporter of LNG. For crossing the environmentally sensitive shore area a micro-tunnel with an internal diameter of 2m
and approx. 1,242m in length has been constructed by means of the pipe-jacking method. The micro-tunnel will accommodate a 1.1m dia-
meter pipeline (trunkline) to deliver gas from the offshore fields LNG Plant. The Wheatstone shore crossing design involves a number of
unique challenges owing to its coastal location, where the alignment crosses through a shore area and terminates in a marine environ-
ment. This paper provides an overview of the Wheatstone Shore Crossing Project, presents the key features, and discusses the main

aspects of the micro-tunneling design.

uvob

Projekt Wheatstone je realizovan ve sdruzeni dcefinych
spolec¢nosti Chevronu, Kuwait Foreign Petroleum Exploration
Company (KUFPEC), Apache Corporation a Kyushu Electric
Power Company spoleéné s PE Wheatstone Pty Ltd (Edst
vlastni TEPCO).

Plyn se bude tézit z nalezis§t Wheatstone, Iago, Julimar
a Brunello, kterd jsou situovdna né¢jakych 250 km od pobre-
71, u kterého se nachdzi mésto Onslow. Jakmile bude projekt
Wheatstone v provozu, Austrdlie se stane druhym nejvetSim
vyvozcem LNG na svéte.

Z wheatstoneskych nadrzi se bude plyn prepravovat ocelo-
vym potrubim (plynovodem) k pobrezi. Tunel, ktery tvori
prefabrikované betonové potrubi, byl vyraZen technologii
bentonitového Stitu (mix slurry shield) ze startovaci jamy
nachdzejici se na pevniné smérem k mofi. Poté, co tunel pro-
tne pldz, pdsmo pis¢itych dun a primorska odlivovéd pdsma,
vyusti do demontdzni jamy $titu nachazejici se v mofi (obr.
2). Do dokonceného a zatopeného tunelu pak byl vtaZen ply-
novod vedouci z nalezi§té Wheatstone tak, aby doslo
k protnuti pobfeZni oblasti.

Celkem 1,2 kilometru dlouhy tunel vyustujici pod ocea-
nem postavila spolecnost THIESS Pty Ltd (soucdst skupiny
Hochtief). Prace na stavbé byly zahdjeny po obdobi cyklonu
v roce 2013.

INTRODUCTION

The Wheatstone Project is a joint venture between
Australian subsidiaries of Chevron, Kuwait Foreign Pet-
roleum Exploration Company (KUFPEC), Apache Corpo-
ration and Kyushu Electric Power Company, together with
PE Wheatstone Pty Ltd (part owned by TEPCO).

The Liquefied Natural Gas (LNG) Plant will serve the
Wheatstone, lago, Julimar and Brunello offshore gas fields,
which are situated some 250km off the coast of Onslow.
Once operational and on-stream, the Wheatstone Project
will contribute to Australia becoming the world’s second
largest exporter of LNG.

The gas from the Wheatstone reservoirs will be transfer-
red via a steel pipeline (trunkline) to shore. The tunnel
which is formed by precast concrete pipes, was driven with
a Tunnel Boring Machine (TBM) from an onshore launching
shaft towards the sea. After crossing the beach, dune zones
and low water coastal zones, the micro-tunnel exits into an
offshore TBM retrieval pit (c¢f. Fig. 2). After tunnel con-
struction, the trunkline from the Wheatstone gas field was
pulled into the flooded tunnel to finally undercross the shore
area.

THIESS Pty Ltd constructed the 1.2 kilometer long tun-
neled shore crossing under the ocean which will connect
two offshore gas reserves with the Wheatstone LNG Plant.
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Wheatstone

Ashburton
North

Obr. 1 Situacni ndkres — projekt Wheatstone
Fig. 1 Location Plan — Wheatstone Project

Spole¢nosti HOCHTIEF Engineering (projek¢ni skupina
firmy Hochtief) byla zaddna zakdzka na doddni koncepcni
studie projektu, realiza¢niho projektu a projektu skute¢ného
provedeni pro startovaci jamu Stitu na pevniné, prefabrikova-
ného betonového protlacovaného potrubi a demontdzni jamu
§titu v mofi. Déle byla spole¢nost HOCHTIEF Engineering
najata na poskytnuti podpurnych konzultaénich sluZeb pred
a v pribéhu vystavby tohoto projektu.

Projekt Wheatstone Shore Crossing znamenal fadu jedinec-
nych vyzev, a to pravé kvali svému umistnén{ na pobreZi, kde
jeho trasa pretind pobreZni oblast a kon¢i v morském prostredi.

GEOLOGICKE PROSTREDI A PODMINKY STAVBY

Projekt Wheatstone Shore Crossing se nachdzi 12 kilomet-
ru jihozdpadné od Onslow v Zédpadni Austrdlii. Podle geolo-
gického prizkumu Zdpadni Austrdlie/Onslow [2] je misto
projektu pokryto povrchovymi usazeninami z obdobi holocé-
nu, které jsou tvoreny pis¢itymi dunami uloZenymi na jilovi-
té panvi a pribreznich prilivovych deskdch. Pod povrchovymi
vrstvami se nachdzeji tfetihorni a Ctvrtohorni zeminy
a horniny. Celky, které jsou udpln€ nejvySe, se nazyvaji
Ashburton Red Beds. Pod nimi jsou na geologické mapée
zobrazeny karbondtové horniny z obdobf paleogénu.

Na zdkladé vysledku geotechnickych Setfeni jsou ofekdva-
né geologické celky, na néz se narazi podél navrhované trasy
mikrotunelu, zobrazeny na obr. 3.

Geologii podél trasy tunelu je mozné rozdélit do dvou hlav-
nich dseku, a to mista tvofena plaZovym piskem pobliZ vstup-
ni stavebni jdmy — priblizné€ 130 metrd a Ashburton Red Beds
na zbyvajicich 1112 metrech. Bylo mozné zde narazit také na
zasypané koryto drivejsiho fi¢niho toku.

Obr. 2 Projekt Wheatstone Shore Crossing — v délce 1,2 km se vyuZije meto-
dy mikrotunelovdni, aby se predeslo jakémukoli naruseni pobrezi v oblasti
Ashburton North
Fig. 2 Wheatstone Shore Crossing Project — Micro-tunnelling for 1.2km will
be used for the Shore Crossing to Avoid Disturbing the Coastline at
Ashburton North

The on-site construction works commenced after the cyclo-
ne season in 2013.

HOCHTIEF Engineering was awarded a contract to deli-
ver the Concept, Detailed, Final and Construction Design
for the onshore TBM launch shaft, precast concrete jacking
pipes, and offshore TBM retrieval pit. Further, HOCHTIEF
Engineering was engaged in providing Engineering Support
services prior to and during construction.

The Wheatstone shore crossing design involved a number
of unique challenges owing to its coastal location, where the
alignment crosses through a shore area and terminates in
a marine environment (cf. Fig. 2).

GEOLOGIC SETTING AND SITE CONDITIONS

The Wheatstone Shore Crossing Project is located 12 kilo-
meters south-west of Onslow, Western Australia (cf. Fig. 1).
According to the Geological Survey of Western Australia /
Onslow Sheet [1] the project site is covered with Holocene-
aged surficial deposits associated with dune, claypan, sup-
ratidal and intertidal-flats. The surficial soils are underlain
by Tertiary to Quaternary aged soil and rock. The uppermost
of these units are referred to as the Ashburton Red Beds.
Underlying this unit, Lower Tertiary carbonate rocks are
indicated on the geological sheet.

Based on the results of the geotechnical investigations the
generalized stratigraphy and geological units anticipated to
be encountered along the proposed micro-tunnel alignment
are shown in Figure 3.

The geology along the tunnel alignment can be divided
into two main sections, which is the dune beach sand, in the
vicinity of the entry point, for approximately 130 meters
and Ashburton Red Beds in the remaining 1,112 meters.
There was also the possibility of encountering an infilled
palaeochannel (former river courses) along the tunnel align-
ment.

Groundwater level variations had been measured in the
vicinity of the micro-tunnel alignment using pressure trans-
ducers installed in monitoring wells. The monitoring results
indicated that the groundwater level varies from approxima-
tely 0.5m AHD to 0.8m AHD over a tidal range of about




Kolisani drovné spodni vody bylo méfeno v blizkosti trasy
mikrotunelovani za pouziti tlakovych zafizeni nainstalova-
nych v mérnych studnich. Vysledky sledovani naznadily, Ze
se spodni voda pohybuje pfiblizné mezi 0,5 m AHD
(Australian Height Datum, tj. australskd stfedni hladina
more) a 0,8 m AHD nad vySkovym rozpétim mezi prilivem
a odlivem, které je priblizné 2,3 m. Pro ucely vyprojektovani
stavebni jamy na pevnin¢ byla predpoklddand maximalni{ hla-
dina spodni vody 1,5 m AHD, kterd brala v dvahu moZzné
zvednuti spodni vody na pevnin€ v pripadé silné boufe. Pro
ucely vyprojektovéni protlaku byla predpoklddand maximal-
ni a minimdln{ hladina vody podél trasy tunelu urCovana hla-
dinami HAT a LAT, které byly predpoklddany v trovni:

e Highest Astronomical Tidal Level (HAT), tj. nejvyssi

astronomicky priliv: 1,36 m AHD;
astronomicky odliv: -1,22 m AHD.

Podle australské normy AS 1170.4-2007 a na zdkladé vy-
hodnoceni o¢ekdvanych geologickych podminek podél trasy
bylo misto stavby klasifikovano pro dcely statického vypoctu
a ndvrhu projektu jako seismickd tfida Ce (misto s nizkou
vrstvou zeminy). V AS 1170.4-2007, ¢ast 4 je ro¢ni pravde-
podobnost vyskytu zemétieseni 2x103 (vyskyt jednou za
500 let) pro oblast Onslow vyznacena priblizne 0,12 g. Tento
vyskyt jednou za 500 let se povazuje za ekvivalent Operating
Basis Earthquake (OBE), tj. urovné zemétieseni, na niz je
stavba naprojektovana a pri které dojde k zachovani provo-
zuschopnosti stavby.

SPECIFICKE ASPEKTY NAVRHU PROJEKTU

Predmét dila

Spolecnosti THIESS byla zaddna zakdzka Design and
Build. Predmét dila projekéni ¢dsti obsahoval projekt protla-
ku vletné jeho vytyleni, geotechnického pruzkumu
a vyprojektovani protlacovaného potrubi. Projekt obsahoval
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2.3m. For the purposes of the onshore shaft design, the assu-
med maximum design ground water level was at 1.5m AHD
to allow for the potential for some groundwater mounding
onshore during a heavy storm event. For the purposes of the
jacking pipe design, it was assumed that the maximum and
minimum design water levels along the tunnel alignment are
controlled by the HAT and LAT, which were assumed with:
e Highest Astronomical Tidal Level (HAT): 1.36 m AHD;
e and Lowest Astronomical Tidal Level (LAT): -1.22 m
AHD.

According to the Australian Standard (AS 1170.4-2007)
and based on an assessment of the anticipated ground con-
ditions along the alignment, the project site was classified
as Seismic Site Class Ce (Shallow Soil Site) for structural
analysis and design purposes. In AS 1170.4-2007 Part 4 the
2 x 10-3 annual probability of exceedence (500 year return
period) earthquake for the Onslow area is mapped at about
0.12g. This 1-in-500-years event is considered equivalent to
the Operating Basis Earthquake (OBE).

PARTICULAR ASPECTS OF THE DESIGN ELEMENTS

Scope of Works

THIESS’ was awarded a Design and Build contract. The
scope of works for the design section comprised the design
of the jacking-pipeline including the alignment, geotechni-
cal investigation and design of the jacking pipes. The design
also included the onshore shafts and the offshore TBM retri-
eval pit. All temporary work designs associated with the site
was a part of THIESS’s scope.

The scope of works for the construction elements compri-
sed the procurement of all the jacking pipes, site establish-
ment including amenities, procurement, set-up and demobi-
lization of all tunneling infrastructure (e.g. slurry treatment
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také startovaci jamu na pevniné a demontazni jamu pro vyta-
Zeni §titu v mori. Soucdsti dila byl i projekt veskerych docas-
nych praci souvisejicich se stavbou.

Predmét stavebniho dila zahrnoval porizeni veSkerého pro-
tlacovaného potrubi, zarizeni staveni$té véetné zdzemi, zajis-
téni, pripravu a odstranéni veskeré tunelovaci infrastruktury
(napr. separaniho zafizeni, generdtoru, velinu, nddrZe na
miseni bentonitu, atd.), vystavbu startovaci jamy
a protlacovaci stavebni jamy, veskeré razby véetné vystroje-
ni, vytaZeni S§titu, vystavbu rampy pro zatahovadni potrubi
a odstranéni staveni$té.

Predmét dila spole¢nosti HOCHTIEF Engineering obsaho-
val studii, realiza¢ni projekt a projekt skute¢ného provedeni
stavby pro nasledujici oblasti:

Projekt trasy:

¢ trasa mikrotunelu pro dcely navadéciho systému Stitu.

Projekt stavebni jamy na pevniné:

e projekt protlaovaci a startovaci jamy vcetné spodni
desky, podpér (pfedni zed a bocni opérné zdi)
a monitoringu;

e rozhrani s tlacnym ramem, hlavni tlacnou stanici
a tlaCnym systémem;

e projekt stavebni jimy s rampou pro vtahovani potrubi
v&etné spodni desky a ukotvovacich bodu pro zatahova-
ni trubek.

Projekt protlacovaného potrubi:

e projekt prefabrikovaného betonového protlacovaného
potrubi vletné specidlnich prvka sestavajiciho ze stan-
dardniho potrubi, potrubi s ocelovym opldsténim pro
pouziti u vyudsténi v mofi a specidlniho potrubi pro insta-
laci systému katodické ochrany a monitoringu;

e projekt nosnych bodu, ktery bere v tvahu jednotliva zati-
Zeni v&etné povolenych toleranci pro zvedani, naklddéni,
instalaci a prepravu;

e vykresy vyztuZe a tvaru véetné detailu;

¢ pozadavky na betonovou smés protlatovaného potrubi.

Projekt demontdZni jamy $titu v mori:

e projekt demontdzni jamy Stitu v mori vetné stabilizac-
nich opatfeni u vyusténi potrubi;

e stabilizace vyZadovand u vytsténi protlatovaného potru-
bi na jedno obdobi cyklont vletné zatiZen{ souvisejiciho
s instalaci plynovodu;

e urleni/specifikace zpétného zdsypu, stabilizovany pisek
podle potreby.

Budouci dopady ndkladni dopravy po pozemnich komuni-

kacich:

¢ vyhodnotit dopad vystavby dopravniho a servisniho kori-
doru pro ndkladni vozidla a jeho provozu na betonové
potrubi v mikrotunelu.

Dadle byla spole¢nost HOCHTIEF Engineering najata na
poskytovani konzultaéni podpory a sluZzeb projektového
managementu pred a v prubéhu vystavby, napfiklad prezkou-
maéni a provéreni metodologie razby a pomocnych zafizeni,
prezkoumdni technické dokumentace vletné specifikace
Stitu, manipulaéniho zarizeni a logistiky stavby, zdkladni
geotechnické zprdvy, aby se zajistila vhodnost projektu sta-
vebnich jam a protlacovaného potrubi, atd.

Trasa mikrotunelovani a vybér bentonitového Stitu

Trasa se skladd ze tii vySkovych oblouku (obr. 3). Nejprve
sméfuje dolu v dhlu 2,36 stupné priblizné 150 m, poté nava-
zuje dsek se sklonem 0,23 stupné na ndsledujicich priblizné
700 m. Tunel prechdzi do sklonu 0,5 stupné v oblasti vyuste-
ni. Kazdy oblouk ma polomér 5000 m.

Spole¢nost THIESS za konzultatni pomoci HOCHTIEF
Infrastructure provedla vybér §titu na projekt mikrotunelu

plant, generator power, control room, bentonite mixing tank
etc.), construction of the launch and jacking shafts, all tun-
neling work including fit-out items, the recovery of the
TBM, construction of the pipe pull ramp and site demobili-
zation.

HOCHTIEF Engineering’s scope of work included the
delivery of the Concept, Detailed, Final and Construction
Design for the following listed Design Packages:

Alignment Design

* Micro-tunnel alignment for the purposes of TBM gui-
dance system.

Onshore Shafts Design

e Jacking and launch shaft design including base slab,
jacking abutment (headwall and wing-walls) and moni-
toring;

e Interface with jacking frame, main jacking station and
sliding system;

e Pipe Pull Ramp Shaft design including base slab and
trunkline pulling anchor points.

Jacking Pipes Design

e Design for all precast concrete Jacking Pipes including
specials, comprising of standard pipes, steel lined for
use at the marine exit and special pipes for installation
of cathodic protection monitoring system,;

e Design of lifting points taking into account load cases
including lifting, stacking, installation and transportati-
on allowances;

¢ Reinforcement and related formwork drawings inclu-
ding details;

e Concrete Mix requirements for Jacking Pipes;

Offshore TBM Retrieval Pit Design

¢ Design for the offshore TBM retrieval pit including sta-
bilization measures around pipe exit;

e Stabilization required for jacking pipes exit for one
cyclone season including loads from trunkline installa-
tion;

¢ Determination/specification of backfill, stabilized sand
as required.

Future Haulage Road Impacts

e Assess the effect of heavy haul road and service corri-
dor construction and operation on the micro-tunnel
concrete pipes.

Furthermore, HOCHTIEF Engineering was engaged in
providing Engineering Support and Design Management
services prior and during construction, e.g. review and veri-
fication of Tunneling Methodology and Auxiliary
Equipments, review of various Engineering Reports, inclu-
ding TBM specifications, handling equipment and site
logistics, Geotechnical Baseline Report, to ensure suitabili-
ty for shafts and jacking pipe designs etc.

Micro-Tunnel Alignment and Selection of the TBM

The alignment consists of three different vertical curves
(Fig. 3). Firstly it heads down at an angle of 2.36 degrees
for approx. 150m before flattening out at 0.23 degrees for
the next approx. 700m. The tunnel takes transitions into
a 0.5 degree inclination up until the tunnel exit. Each curve
has a radius of 5,000m.

THIESS, in consultation with HOCHTIEF‘s Tunneling
division, carried out the selection of the TBM for the
Wheatstone Micro-tunneling Project based on the machine’s
ability to excavate the inferred geology (cf. Fig. 3), expected
to be encountered along the 1,242m-long tunnel alignment;
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Obr. 4 Typickd konfigurace bentonitového stitu série AVND
Fig. 4 Typical AVND-Series TBM Configuration

Wheatstone na zdkladé schopnosti daného stroje razit
v uvazovanych geologickych podminkach, které se ocekava-
ly podél trasy tunelu dlouhé 1242 m, a také na zdklade dspés-
nosti podobnych technologii protlaku a vykonu zarizeni
v podobnych geologickych podminkach téZ i na minimaliza-
ci rizik vyplyvajicich z celého procesu realizace protlaku. Pro
tento projekt byl vybrdan kombinovany bentonitovy razic{ §tit
Herrenknecht AVND 2000 AB (obr. 4, 11) a souvisejici systé-
my a komponenty, jako jsou napfiklad hyperbaricka komora
(kompresni/dekompresni komora), podmorsky modul pro
vytazeni stroje, automatickd hlavni protlacovaci stanice a 11
meziprotlatovacich stanic, navadéci systém od spolecnosti
VMT SLR-V atd. Tento S§tit byl zvolen proto, Ze jde
o nejpokrocilejsi a nejkompletnéjsi systém protlaku, ktery je
v soucasnosti na trhu k dispozici.

Projekt protlatovaného potrubi

Od dokonceni v fijnu 2013 je mikrotunel Wheatstone pova-
Zovan za nejdel$i tunel zhotoveny technologii protlaku na
jizni polokouli. Jeho délka je 1242 m, vnéj§i primeér 2,45 m
a vnitini pramér 2 m. Je v ném sedm ruznych druhu trubek.
Délka kazdé z nich je 3 m a v zdvislosti na typu vazi 12 az
16 tun.

Spole¢nost HOCHTIEF Engineering vyhotovila projekt
protlacovaného potrubi s vyjimkou tlaénych mezistanic, které
projektoval dodavatel THIESS.

Protlaované potrubi bylo vyprojektovano podle némecké-
ho predpisu DWA-A 161 (2010) ,, Staticky vypocet protlaku “,

zdroj/source: © Herrenknecht AG

on the successful track record of similar pipe jacking machi-
nes and equipment performance in similar ground conditi-
ons as well as on the overall pipe jacking process execution
risk minimization. The Herrenknecht AVND 2000 AB TBM
(cf. Fig. 4 and 11), a mix shield slurry machine, and the
associated systems and components, such as an airlock
(compression / decompression chamber), sub-sea recovery
module, automatic main jacking station and 11 inter-jack
stations, VMT SLR-V Guidance system etc. have been
selected for this project, due to being the most advanced and
complete pipe jacking systems currently available on the
market.

Jacking Pipes Design

Since completion in October 2013, the Wheatstone micro-
tunnel is considered to be the longest pipe-jacked tunnel in
the Southern Hemisphere. It is 1,242m in length with an
outside diameter of 2.45m and an internal diameter of 2m.
There are seven (7) different types of pipes. The length of
each is 3m, weighing from 12 to 16 tons depending on the
type.

HOCHTIEF Engineering completed the design for the
micro-tunnel jacking pipes, except for the inter-jack stations
which were designed by THIESS.

The jacking pipes have been designed according to the
German guideline DWA-A 161 (2010), “Structural Calcula-
tion of Jacking Pipes”. It was decided that this provided the

dotykova plocha
contact area

(1-25(04)) + $p

Obr. 5 Uhlové vychyleni a 7 toho vyplyvajici rozlozeni tlaku na spoji dvou trubek

Fig. 5 Angular Deflection and Resulting Stress Distribution in the Joint between two Pipes
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Obr. 6 Priklad z 3D analyzy vzdjemného pusobeni zeminy a konstrukce s durazem na potrubni spoje
Fig. 6 Exemplary Calculation Plots from 3D-FE Numerical Analyses of the Complex Soil-Structure-Interaction with Emphasis on the Pipe Joints

protoZze tento predpis poskytoval nejlepsi projekéni zdklad
a zdsady tykajici se protlaku a byl aktudlnéjsi nez australské
predpisy.

Piedpis DWA bere v dvahu efekt deformace prstencu zpu-
sobeny prenosem tlakové sily a jeho vliv na betonové potru-
bi. Chovéni téchto zdtéZ prendSejicich prstencu, vloZenych
mezi ¢ela trub ve spojich, ma zna¢ny dopad na nejvyssi tlaky,
které pusobi na Cela trub v prubéhu protlatovéni (obr. 5).
V minulosti vedl prilisny tlak k trhlindm v betonovém plasti
ve spojich. Toto je daleZitym kritériem pfi projektovdni, jeli-
koz tyto prstence vykazuji vyznamné nelinedrni chovani
materidlu v prubéhu faze komprese a dekomprese.

Predpis DWA byl v projektu pouzit zejména:

e k urcenf tlaku zatiZeni zeminou a z protlacovani;

¢ k podrobnému ovéreni tloustky stény potrubi, respektive

kontrole zatiZeni pri protlatovéni, a to pfi uvédzeni:

best design basis and principles for the jacking pipes and is
the more current between the Australian and German guide-
lines.

The DWA guideline takes account of the special effect
of the thrust transfer ring deformation and its effect on the
concrete pipe. The behavior of these load transfer rings
has a significant impact on the peak stresses acting on the
pipe joints during the jacking operation (cf. Fig. 5). In the
past, overstressing has resulted in concrete cover spalling
in the joints. This is an important design consideration as
the compression rings show a significant non-linear mate-
rial behavior during the compression and de-compression
phases.

The DWA guideline was used in the design in particular:

e for the determination of forces from ground load and

jacking;
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Obr. 7 Ndkres a podélny rez Sachtami na pevniné (vlevo), priklad z 2D analyzy koneénych prvki a analyzy metodou mezni rovnovihy (vpravo)
Fig. 7 Layout and Longitudinal Section of the Onshore Shafts (left) | Exemplary Calculation Plots from 2D-FE and Limit Equilibrium Analyses (right)




- sil protlatovdni a vyslednych tlaka a rozloZeni tlaku na
spojich potrubf;

- dhlovych odchylek mezi sousednimi trubkami kvuli
projektované trase;

- nezdmérnych odchylek mezi sousednimi trubkami zpu-
sobenymi korekcemi fizent,

- chovani materidlu prstence prendSejiciho tlakovou silu.

Komplexni interakce zeminy a konstrukce, zejména zvIlast-
nf pusobeni nelinedrniho chovani materidlu prstence prendse-
jiciho tlakovou silu a jeho vliv na betonové potrubi, byly
zanalyzovany pomoci trojrozmérnych (3D) numerickych
metod kone&nych prvku. Vypocet ze 3D analyzy kone&nych
prvka nazorné ukazuje obr. 6. Je moZzné na ném vidét, Ze
zatez z protlacovani ma znaény vliv na potrubi.

Celkove je na trase 422 trubek sedmi riznych typu v&etné oce-
lovych trubek mezilehlych tlatnych stanic. Obecné je rozmér
veskerého potrubi (s vyjimkou potrubi u mezilehlych tlacnych
stanic) s vnitinim pramérem 2 m a s tloustkou stény 225 mm.

Prefabrikované Zelezobetonové protlacované potrubi je
vyprojektovdno s Zivotnosti 30 let. Stanovend miniméalni pev-
nost betonu u tohoto potrubi je 65 MPa. Ocelové objimky, které
poméhaji smérovému vedeni potrubi, zamezuji boénim posu-
num sousednich trubek v prubéhu protlaovani a fixuji tésnéni
po dobu provozniho Zivotniho cyklu projektu, jsou vyrobeny
ze zarové pozinkované oceli. Zdvihaci kotvy jsou Reid 10T.
Kazd4 trubka mad tfi prachodky pro injektdZ bentonitu.
Stavebni jamy na pevniné

Stavebni jamy na pevniné€ jsou trojiho typu: startovaci
jama, protlacovaci jdma a stavebni jama s rampou pro zata-
hovani potrubfi (obr. 7). Protlatovaci stavebni jama je hlavni
jamou pro razici prace. Startovaci jama je pouze mald komo-
ra pred protlacovaci jamou k umoZnéni zahdjeni Cinnosti
Stitu. Rampa pro zatahovani plynového potrubi byla vybudo-
véana po dokonceni praci na mikrotunelovani.

Spolec¢nost THIESS, v tzké spolupraci s experty HOCHI-
TEF Infrastructure, vypracovala kli¢ové pokrokové opatreni
v technologii protlaku, jimzZ byla dvojita protlaCovaci stanice,
kterd byla schopna zdbéru o celkové délce 10 metra a jeji
vykon je 1400 tun tlakové sily. Ma dvoufazové fungovani,
dvoufazové teleskopické ramy pracuji se dvéma tlaénymi
prstenci, které se pomoci horizontdlnich hydraulickych valca
odtlacuji jeden od druhého. Toto umoznilo, aby byly
v jednom cyklu nainstalovdny a zatlaCeny tfi trubky. Vilce
mély kulaté montdzni desky na obou koncich, ¢imZ se
omezilo vychylovani, aniz by to vyzadovalo jakoukoli dals{
podporu, kdyZz doslo k plnému roztaZzeni. M4 se za to, Ze tak
doslo ke zkraceni doby protlatovéani o dvé tretiny.

Obr. 8 Fotografie zobrazujici vytaZeni §titu
Fig. 8 Exemplarily Picture Showing a TBM Recovery

e for detailed verification of the pipe wall thickness res-
pectively a design check for the jacking loads, by taking
into account:

- pipe jacking forces and resulting stresses and stress
distribution in the pipe joint;

- angular deflection between adjacent pipes due to the
design alignment;

- unintentional deflection between adjacent pipes due to
steering corrections;

- material behavior of the thrust transfer ring.

The complex soil-structure-interaction, in particular the
special effect of the non-linear material behavior of the
thrust transfer ring and its effect on the concrete pipes, has
been analyzed utilizing three dimensional (3D) finite ele-
ment (FE) numerical methods. Figure 6 shows shows exem-
plarily a calculation plot from a 3D-FE analysis; it can be
seen that the jacking load has a notable effect on the pipe.

In total there are 422 pipes along the alignment, with
seven (7) different types, including the inter-jack station
steel pipes. The general layout for all the pipes (except for
the inter-jack station pipes) is an internal diameter of 2
meters with a wall thickness of 225 millimeters.

The precast concrete jacking pipes are designed for
a lifetime of 30 years. The specified minimum concrete
strength for the jacking pipes is 65MPa. Steel collars, to
help guide the pipes and avoid lateral displacements of adja-
cent pipes during the pipe jacking operation and to hold the
sealing gasket in place during operational lifetime of the
project, are constructed from hot dipped galvanized steel.
The lifting anchors are Reid 10T foot anchors. There are 3
bentonite nozzles in each pipe.

onshore Shafts

The onshore shafts comprise three sections: The launch
shaft, the jacking shaft and the pipe pull ramp (cf. Fig. 7).
The jacking shaft is the central shaft for the tunneling pro-
cess. The launch shaft is only a small chamber in front of the
jacking shaft to facilitate the starting procedure for the
TBM. The pipe pull ramp was constructed subsequent to
completion of the micro-tunneling works.

THIESS, in close cooperation with HOCHITEF’s experts
had worked out a key advance in the jacking operation,
which was the double jacking station. The double jacking
system was capable of a total stroke length of 10 meters
with a capability of 1,400 tones jacking force. The dual
acting, two stage telescopic rams operated through two
thruster rings, one pushing off the other. This allowed for
three pipes to be installed and pushed in one cycle. The
cylinders had spherical mounting plates at each end that
allowed for limited misalignment without requiring any
intermediate support when fully extended. It is considered
that this reduced the jacking operation timeframe by two-
thirds.

The shafts were designed with the use of sheet piles. This
provided flexibility with the design and construction metho-
dology. The sheet piles ranged in length from 11m to 18m.

The purpose of the launch shaft was to provide suitable
ground condition and sealing to commence tunneling. The
launch shaft was excavated first, in three stages and back-
filled with stabilized sand, before the excavation of the jac-
king shaft commenced.

The jacking shaft was 20m in length. The jacking shaft
was excavated in four stages utilizing a combination of
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zdrojisource: Chevron Australia

Obr. 9 Letecky pohled na misto stavby
Fig. 9 Aerial View of the Project Site

Jamy byly vyprojektovdny za pouziti §tétovnic. To umozni-
lo flexibilitu projektu a stavebnich postupu. Délka §tétovnic
se pohybovala mezi 11 a 18 m.

Utelem startovaci jamy bylo poskytnout vhodnou ochranu
vuci geologickym podminkdm tak, aby bylo moZné zahajit
razby. Startovaci jama byla vykopdana nejdfive, a to ve tfech
fazich, a zpétné zasypdna stabilizovanym piskem pred tim,
nez se zacalo s vykopem protlacovaci jdmy.

Délka protlacovaci jamy byla 20 m. Protlacovaci jdma byla
vykopdna ve Ctyfech fazich za pomoci kombinace do¢asného
a trvalého pazeni a podpér, pricemz docasné podpéry mohly
byt odstranény poté, co ziskala poZzadovanou pevnost vybeto-
novand zdkladovd deska. Pro postup vykopovych praci bylo
kritické odvodnovéni a hlidani hladiny podzemni vody. To
proto, aby nedoslo k trhlindm a/nebo zveddni zpusobené tla-
kem vody. Dno jamy bylo vyztuZeno betonovou deskou
o tloustce 2 m. Funkei této zakladové desky bylo:

e utésnit dno jdmy pfed moZnym prasakem spodni vody,
kde vnéjsi droven spodni vody byla vySe nez zdkladova
deska;

e prenést vztlakové sily spodni vody na $té€tovnicovou sténu;

e poskytnout podpéru v rdmci projektu Stétovnicové stény;

¢ poskytnout zdklad pro protlacovaci prace a rozlozit tlaky
souvisejici s protlatovanim v prubéhu razeb.

Uspéch protladovaci jamy zdvisel na spravném projektu.
Vzédjemné pusobeni §t€tovnicovych stén a zdkladové desky
muselo byt vyprojektovano tak, aby konstrukce odolaly vyso-
kym sildm pri protlatovani potrubi (1400 tun). Nesméla byt
také prekroCena unosnost zeminy za Celni sténou a/nebo
dovolend/pfipustnd mira posunuti stény. Na projektu
Wheatstone Shore Crossing byl vyuZit dumyslny systém,
predni sténa s bocnimi sténami, kde projekt protlacovaci ja-
my predpokladal, Ze se zatiZzen{ vzniklé protlacovanim rozlo-
Z{ mezi Zelezobetonovou predni sténu a zdkladovou desku
v poméru 50/50 %. To znamena, Ze se zateZ rozkladd a prena-
§{ do zemé u predni stény a u bocnich Stétovnicovych stén
protlacovaci Sachty.

Demontédzni jdma v mori se nachédzi na konci trasy mikro-
tunelu a slouzila jako cilovad jama pro §tit po dokonceni pro-
tlacovacich praci. Tato jama bude roz$ifena, aby se do ni
vesel prechodovy vykop pro instalaci plynového potrubi. Jak-
mile se plynovod zatdhne dovnitf, bude vykop v&etné vyuste-
ni tunelu zpétné zasypdn a zakryt vhodnym materidlem pro
dlouhodobou ochranu.

Podle technologického postupu z nabidky se k vytazen{ Stitu
méla pouZit ndkladni lod s jefdbem a podpirnymi plavidly.

temporary and permanent walers and struts; with the tempo-
rary props able to be removed after the concrete base slab
has been poured and gained the structurally required com-
pressive strength. Dewatering and water control was critical
to the excavation sequence. This was so that hydraulic crac-
king and/or uplift did not occur. The base within the shaft
was a reinforced 2m thick concrete slab. The function of the
base slab was to:

e seal up the bottom of the shaft from possible ground-
water ingress, where the outside groundwater level is
higher than the base slab;

e transfer the uplift forces from the groundwater to the
sheet pile wall;

e provide a brace within the design of the sheet pile wall;

e provide a foundation for the jacking operation and to
distribute the jacking forces during tunneling.

The success of the jacking shaft hinged on the proper
design of the thrust reaction system. The thrust reaction sys-
tem — in interaction with sheet pile wall and base slab — had
to be designed to withstand the high jacking forces (1,400
tons) required to push the pipes through the ground, without
exceeding the bearing capacity and/or allowable/tolerable
amount of displacement. The Wheatstone Shore Crossing
Project utilized a sophisticated thrust reaction system,
a headwall with wing-walls, where the jacking shaft design
assumed that the jacking loads are shared between the rein-
forced concrete headwall and base slab in the order of 50-
50%. That is, loads are shared with and transferred to the
ground at the headwall and at the side sheet pile walls of the
jacking shaft.

Offshore TBM Retrieval Pit

The offshore TBM Retrieval Pit is located at the end of
the micro-tunnel alignment and served as reception pit for
the TBM at the completion of pipe jacking operation. The
Pit will be expanded to include a transition trench for the
gas trunkline installation. Once the trunkline has been pul-
led in, the trench including the tunnel exit will be backfil-
led and covered by appropriate material for long term pro-
tection.

The tender methodology involved the use of a barge, with
a crane and support vessels to recover the TBM. The mate-
rial above the TBM was going to be removed by spreading
the material away from the machine with a Rotec R2000.
Two hydraulic lines are attached to the machine to operate
the hydraulic rams so that machine is separated from the
first pipe. A lifting beam would be attached to the TBM, lif-
ted to the surface and towed into harbor for removal with
a 450 ton crane.

THIESS together with their offshore specialty sub-con-
tractors have developed a new methodology. One of the
main drivers for the new methodology is reducing the risk
regarding unavailability of barges and tugs due to the offs-
hore work currently being undertaken in Western Australia
and Queensland. The new methodology relates to how the
TBM is retrieved from the exit pit and brought to the surfa-
ce. Therefore the excavation of the machine and push off
from the first pipe remains the same.

HOCHTIEF Engineering provided a design for the offs-
hore TBM Retrieval Pit including the stabilization measures
around the micro-tunnel exit, while accounting for the new
methodology utilized by THIESS for the TBM recovery.
The stabilization was required to protect the integrity of the



Materidl nad Stitem se mél rozprostfit mimo tento razici stroj
za pouziti Rotecu R2000. Na §tit se méla pripevnit dvé hyd-
raulicka zafizeni, pomoci kterych by se oddelil od prvni trub-
ky. Ke S§titu se pak meélo pripoutat vahadlo, které by jej
vyzvedlo na povrch a dotdhlo do pfistavu k demontdzi za
pomoci 450tunového jetrdbu.

Spole¢nost THIESS vsak spole¢né se subdodavateli speci-
alizovanymi na tento typ praci vypracovala novy technolo-
gicky postup. Jednim z hlavnich divodu bylo sniZeni rizika
tykajiciho se nedostupnosti ndkladnich lodi a remorkéra
kvuli jingm projektim v mofi, které se v té dobé realizovaly
v Zapadni Austrdlii a Queenslandu. Tento novy technologic-
ky postup se tykal zpusobu vytaZeni §titu z koncové jamy na
povrch. Proto vykopdni stroje a oddéleni od prvni trubky
zustalo stejné.

Projekt demontdzni jadmy poskytla spole¢nost HOCHTIEF
Engineering, a to véetné stabilizacnich opatfeni u usti mikro-
tunelu, pfi uvdZeni nového postupu pouzitého spolecnosti
THIESS k vytaZeni Stitu. Byla vyZadovéna stabilizace k och-
rané neporuseného stavu protlatovaného potrubi u dsti mik-
rotunelu a také jako opatieni po jednu sezonu cyklonu véetné
zatizeni vyplyvajiciho z instalace plynového potrubi. Projekt
obsahoval specifikaci materidla uréenych ke zpétnému
Zasypu.

Technické fesen{ vzalo v ivahu rizné stavebni faze a ruzné
zatizeni:

A. Predvykopdni zony koncové jamy:

koncovd jama se vykope o rozmérech priblizné 60x40x6 m,
aby umoznila fizené vytazeni $titu.

B. Zpétny zdsyp a docasnd ochrana zony koncové jamy:
aby se ochrdnily svahy nad a okolo udsti mikrotunelu
pred erozi a destabilizaci az do prijezdu raziciho stroje
a jeho opétovného vytazeni, bude koncovd jaima zpétné
zasypdna navrzenou zasypovou vrstvou/vrstvami.

C. Wkopdni zdsypového materidlu:
navrzena zasypova vrstva/vrstvy se vykopou a stroj se
vytdhne z koncové jamy.

D. Zpétny zdsyp a ochrana zony koncové jamy pro pripad-
né obdobi cyklonui:
aby se ochrdnila neporusenost protlacovaného potrubi
u Gsti mikrotunelu pfed moZnym obdobim cyklonu az do
instalace plynovodu, bude koncova jaima zpétné zasypa-
na navrzenou zdsypovou vrstvou/vrstvami.

E. Vykopdni materidlu pro zpétny zdsyp po instalaci plyno-
vodu a dlouhodobd ochrana:
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jacking pipes at the micro-tunnel exit and did account for
one cyclone season including loads from the gas trunkline
installation. The design also included the specification for
the engineered backfill materials.

The design solution accounted for various construction
and loading phases:

A. Predredging of Exit Pit Zone:

exit Pit will be excavated in the limits of approx. 60m
x 40m x 6m to allow for a controlled TBM recovery.

B. Backfilling and Temporary Protection of Exit Pit Zone
for TBM Arrival:
in order to protect the slopes over and around the
micro-tunnel exit from erosion and destabilization up
to TBM arrival and recovery the Exit Pit will be back-
filled with engineered backfill layer(s).

C. Excavation of Backfill Material for TBM Recovery:
the engineered backfill layer(s) will be excavated and
the TBM will be recovered from the Exit Pit.

D. Backfill and Protection of Exit Pit Zone for Potential
Cyclone Season:
in order to protect the integrity of the jacking pipes at
the micro-tunnel exit from a potential cyclone season
up to trunkline installation the Exit Pit will be backfil-
led with engineered fill layer(s).

E. Excavation of Backfill Material for Trunkline Installa-
tion and Long-term Protection:
in the last phase a transition trench will be excavated
for gas trunkline installation. The trunkline will be pul-
led into the flooded but not back filled tunnel.

The composition and thickness of the backfill layers, as
well as the grading of the engineered backfill materials were
driven by the specific requirements of each phase of the
construction sequence, e.g. material to be suitable as back-
fill and adequate for protection of the Exit Pit zone during
micro-tunneling operation, material to be suitable for sucti-
on dredging and material to be suitable for re-use, and mate-
rial to be adequate for the protection of the Exit Pit zone
during a potential cyclone season. To address these specific
requirements, erosion stability and filter stability analyses
were performed. Based on the performance requirements,
geometrical and mechanical specifications for the backfill
materials have been developed.

Obr. 10 Betonové protlacované potrubi (vnéjsi prumér = 2,45 m) dodané na stavbu

Fig. 10 Concrete Jacking Pipes (OD=2.45m) being delivered to the Project Site
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Obr. 11 Bentonitovy §tit Herrenknecht AVND 2000 AB na stavbe
Fig. 11 Herrenknecht AVND 2000 AB TBM at the Project Site

v posledni fazi se vykope prechodovy vykop pro instala-
ci plynovodu. Ten se zatihne do zaplaveného, ale ne
zpétné zasypaného tunelu.

Slozeni a mocnost zdsypovych vrstev a také frakce navrze-
nych zdsypovych materidli byly uréeny specifickymi poza-
davky na kazdou fazi stavebniho postupu, napriklad material
vhodny ke zpétnému zdsypu a k ochrané zény koncové jamy
v prubéhu mikrotunelovdni, materidl vhodny k odtéZovéani
pomoci saciho bagru a vhodny k opétovnému pouZiti
a adekviétni materidl k ochrané zény koncové jamy v prubéhu
moZného obdobi cyklond. Aby se témto konkrétnim poZa-
davkam vyhovélo, byly provedeny analyzy erozni stability
a stability pfi prusaku vody. Na zdkladé vykonovych poza-
davku byly vypracovdny granulometrické a mechanické spe-
cifikace zdsypovych materidla.

POSTUP STAVBY A SHRNUTI

Tento ¢lanek obsahuje shrnuti projektu Wheatstone Shore
Crossing, predstavuje jeho hlavni rysy a zabyva se hlavnimi
aspekty projektu mikrotunelovani.

V roce 2013 postavila spolecnost THIESS Pty Ltd protla-
¢ovany mikrotunel za pomoci technologie Stitovdni o délce
1242 m, o vnéj$im pruméru 2,45 m a vnitfnim pruméru 2 m
véetné veSkerych podpurnych systému pro razby, tj. ¢istirny
odpadnich vod, separaénich zafizeni a usazovacich nadrzi.
Pres tento tunel pod ocednem a pod pobriezim se spoji velko-
pramérovy (44) plynovod z plosiny nachdzejici se v mofi se
zafizenim LNG v oblasti Ashburton North, kterd je na seve-
rozdpade Zapadni Australie pobliz mésta Onslow.

Poté, co nezavisly expert spoleCnosti Chevron posoudil
a schvidlil projekéni balicky, ziskala spolecnost THIESS
vyzadovand povoleni ke stavbé. Stavebni prace spocivajici
v mikrotunelovdni byly zahdjeny na zaldtku brezna roku
2013. Misto stavby z leteckého pohledu je na obr. 9. Vyroba
prefabrikovaného betonového protlacovaného potrubi zacala
také zkraje brezna roku 2013. Dodanf{ prvnich trubek na stav-
bu je na obr. 10.

Stavba protlatovaci a startovaci jamy pomoci §tétovnic
(obr. 12) probihala do konce Cervence roku 2013, kdy byl Stit
spustén do protlacovaci jamy (obr. 14). Nésledn¢ byla na
zaCdtku srpna zahdjena razba, prordzka do koncové jamy pro-
behla na zacdtku fijna. Nasledovalo vytaZeni raziciho stroje
a roz§ifeni stavebni jaimy na pevniné rampou pro zatahovani
potrubi (obr. 13). Predmét dila spole¢nosti THIESS byl final-
né dokoncen na konci listopadu 2013.

Obr. 12 Zajisténi stavebni jamy §tétovnicovymi stéenami
Fig. 12 Sheet-Piling Works

CONSTRUCTION PROGRESS AND SUMMARY

This paper provides an overview of the Wheatstone Shore
Crossing Project, presents the key features, and discusses
the main aspects of the micro-tunneling design.

In 2013 THIESS Pty Ltd constructed a 1,242m TBM pipe
jacked micro-tunnel with an external diameter of 2.45m, an
internal diameter of 2.0m, including all support systems for
the tunneling works, which consists of a water treatment
plant, slurry plants and sediment ponds. The tunneled shore
crossing under the ocean will connect a large diameter (44”)
gas pipeline from the an offshore platform in Australia with
the Wheatstone LNG Plant at Ashburton North located in
the north west of Western Australia near the town of
Onslow.

Upon a review and acceptance of the design packages by
Chevron’s independent reviewer, THIESS received the
required construction certificates. The micro-tunneling on-
site construction works commenced in early May 2013.
Figure 9 shows an aerial view of the project site. The pro-
duction of the precast concrete jacking pipes had commen-
ced earlier in March 2013. Figure 10 shows the delivery of
the first pipes to the project site.

Construction of the Jacking- and Launch Shaft, by means
of sheet-pile driving works (refer to Fig. 12), took place
until end of July 2013, when the TBM was lowered into the

Obr. 13 Hloubeni stavebni jamy
Fig. 13 Shaft Excavation Works
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Obr. 14 Protlacovaci stanice, pohled zevnitr tunelu
Fig. 14 Double Jacking Station |/ View Inside the Tunnel

Projekt na tuto technicky ndro¢nou stavbu dodala spole¢nost
HOCHTIEF Engineering. Spole¢nost THIESS, patrici do hol-
dingu HOCHTIEF, realizovala tuto stavbu a ukdzaly se zde
vyhody plynouci ze vzajemné spoluprace firem uvnitt holdingu,
zejména s ohledem na realizovatelnost projektu a vyuZiti inova-
tivniho projeké&niho piistupu k ndroénym poZzadavkum stavby.
To prakticky neni mozné, pokud projektant i zhotovitel maji jiny
systém fizeni s rozdilnou strategii a vyslednym cilem.
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Jacking Shaft (refer to Fig. 14). Subsequently the tunneling
commenced at the beginning of August and the TBM rea-
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of THIESS’ scope was finally completed at the end of
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NAVRH, REALIZACE A PODMINKY PROVADENI NEVYZTUZENEHO
DEFINITIVNIHO OSTENI KONVENCNE RAZENYCH TUNELU

DESIGN, CONSTRUCTION AND CONDITIONS OF APPLICATION
OF UNREINFORCED CONCRETE FINAL LINING
IN CONVENTIONALLY DRIVEN TUNNELS

JIRI HOREJSI, LIBOR MARIK, PAVEL RUZICKA, ANDREAS SCHAAB

ABSTRAKT

Cestou k ekonomickému ndvrhu definitivniho osténi konvencné razenych tuneli je jeho dimenzovdni na zdkladé skutecné zastiZenych geo-
technickych podminek. Pro Zelezobetonové konstrukce existuje v Ceské republice Fada norem a predpisii, které slouzi jak pro ndvrh a provddé-
ni konstrukce, tak pro jeji prevzeti objednatelem pred uvedenim do provozu a pred koncem zdrucni doby. Pokud to mistni pomery dovoluji, je
mozné definitivni osténi navrhnout jako nevyztuZené. V takovém pripadé je treba zohlednit odlisnosti ve statickém ndvrhu i moZnostech chovd-
ni osténi a nastavit kritéria pro prejimku osteni tak, aby jeho pouZiti bylo mozné. Nastaveni prilis prisnych kritérii vzniku trhlin muze vést k
ndriistu ceny dila bud'z diivodu nutného vyztuZeni osténi, nebo z diivodu sniZeni rizika zhotovitele zapoctenim piedpoklddanych sanact do cel-
kové ceny. Cldnek popisuje zdkladni rozdily v pFistupu k Zelezobetonovému a nevyztuZenému betonovému osténi, moznosti omezeni vzniku trh-
lin ndvrhem betonové smési, volbou technologického postupu pract i zpusobem oSetfovdni po odbednéni. V textu je uvedeno srovndni kritérit
pro hodnoceni povrchu nevyztuZeného osténi se zahranic¢nimi predpisy.

ABSTRACT

The way to an economic design of the final lining in conventionally driven tunnels lies in structural analysing based on the actually encounte-
red geotechnical conditions. Regarding reinforced concrete structures, many standards and regulations applicable to designing and building
structures and taking them over by the client before their commissioning and before the end of the warranty period respectively exist in the Czech
Republic. If the local conditions allow it, it is possible to design the final lining as an unreinforced concrete structure. In such a case it is neces-
sary to take the differences into consideration in the structural design and in the possibilities of the lining behaviour and to set criteria for taking
over the lining allowing for its use. Setting too stringent criteria for cracking can lead to an increase in the contract price, either because of the
necessity for reinforcing the lining or because of the fact that the contractor reduces the risk by incorporating the assumed cost of repairs into
the total cost. The paper describes basic differences in the approach to reinforced concrete and unreinforced concrete linings, the possibilities of
limiting formation of cracks by means of the concrete mix design, by selection of the technological procedure of the work and the method of curing
after stripping. The text contains a comparison of criteria for assessing the surface of an unreinforced concrete lining with criteria in foreign

regulations.

1. OVOD

Pouzivdni nevyztuzeného definitivniho osténi je v soucasné
dobé zpravidla spojeno s konvenéné razenymi tunely,
u kterych primarni osténi tvori stiikany beton a definitivni
osténi je provadéno jako monolitické. V Ceské republice
v oblasti konvenné raZenych tunelu pfevlddd NRTM, na
jejichz principech byly s vyjimkou Brezenského tunelu raze-
ného metodou obvodového vrubu vyrazeny vsSechny tunely
novodobé tunelarské historie. Jeji nasazeni umoznil az prevrat
v roce 1989, ktery otevrel hranice a dal zelenou technologiim,
které doposud nebyly pouzivdny. Projektanti postupné ziskali
pristup k vykonné vypocetni technice a programovému vyba-
veni, stavebni firmy ke strojnimu vybaveni a stavebnim mate-
ridlam a obé skupiny spole&né moznost Cerpat ze zahrani¢nich
zkuSenosti.

V souvislosti s NRTM casto slychdme, Ze se jednd
o tunelovaci metodu, kterd umoznuje operativné reagovat na
skute¢né zastizené geotechnické podminky a vynakladat jen
takové finanéni prostredky, které jsou nezbytné z hlediska
dodrZeni poZadavku na kvalitu dila a bezpeCnost jeho provi-
déni. Aby tomu tak mohlo byt, je tfeba vytvofit prostor nejen
pro zminované vybaveni moderni technikou a ziskdvani
potfebnych znalosti i zkuSenosti, ale také vytvorit technicky
a pravni ramec, ktery by bez velkych prekazek umoznil obéma
smluvnim strandm legdlné a operativné provddét zmény

1. INTRODUCTION

The use of unreinforced concrete final lining is currently
usually associated with conventionally driven tunnels, where
the primary lining is formed by shotcrete and the final lining is
cast-in-place. The NATM prevails in the Czech Republic in the
area of conventionally excavated tunnels. All tunnels in the
modern tunnelling history, with the exception of the Bfezno
tunnel driven using the Mechanical Pre-cutting Method, were
driven using the NATM principles. The NATM application
was made possible only after the revolution in 1989, which
opened borders and gave the green light to technologies which
had not been used until then. Designers gradually gained
access to high performance computer technology and program
equipment, construction companies access to mechanical equ-
ipment and building materials and both groups jointly gained
the possibility to draw on foreign experience.

In the context of the NATM it is often mentioned that it is
a tunnelling method allowing operative responding to the actu-
ally encountered geotechnical conditions and expending only
such financial means that are necessary for adhering to the
quality requirements and requirements for construction work
safety. To make it possible, it is necessary to create space not
only for the above-mentioned modern technological equip-
ment and for obtaining the knowledge and experience neces-
sary, but also to create the technical and legal framework




béhem vystavby. Pod pojmem optimalizace technického fese-
ni s ohledem na sloZitost geotechnickych podminek je vétsi-
nou mySlena razba tunelu a zpusob zajiStén{ stability vyrubu.
Neméné vyznamnou roli v oblasti pracnosti, minimalizace
rizik pfi provadéni a konedné vySe investi¢nich ndkladu hraje
technické feSeni definitivniho osténi. I v tomto pripadé lze
mluvit o NRTM jako o observaéni metode. Na zdkladé vysled-
ka geotechnickych méfeni provddénych v prubéhu razby,
pasportizace Celeb jednotlivych zdbéra a odpovédného stano-
veni geotechnickych parametrid horninového masivu lze
vytvorit matematicky model blizici se redlnym podminkdm
a ziskat tak vnitfni sily potfebné pro ndvrh nutného mnozstvi
vyztuze, pripadné provedeni osténi bez vyztuze.

2. ROZDILY V NAVRHOVANI VYZTUZENEHO
A NEVYZTUZENEHO OSTENI

2.1 Dva pfistupy k funkei primarniho a definitivniho osténi

Na nosnou funkei primérniho a definitivniho (sekundéarniho)
osténi v faddch technické verejnosti neni jednoznaény nézor.
Na jedné strané stoji stoupenci zdkladni nosné funkce primar-
niho osténi, ktefi mu pfisuzuji ve spoluplsobeni s prokot-
venym horninovym prstencem schopnost prendSet horninovy
tlak po celou dobu Zivotnosti tunelu. V takovém prfipadé plni
definitivni osténi pouze ulohu obkladni a estetickou, nebot’ je
zatizeno pouze vlastni vahou a ucinky objemovych zmén.
Pouze v pripadé tlakové izolovanych tuneld musi vzdorovat
i hydrostatickému zatiZeni. Za téchto predpokladi byl v CR
postaven Pisdrecky tunel v Brné, kdy byly pouZivdny pro vyz-
tuZeni horninového prstence sklolamindtové kotvy s vysokou
Zivotnosti. Na druhé strané stoji stoupenci teorie tplné degra-
dace primdrniho osténi, které dfive, neZ je predpoklddana
zivotnost tunelu, zcela ztrati svou nosnou funkci a vesSkeré
zatiZzeni musi prenést definitivni osténi.

Zakladni otdzkou Zivotnosti primdrniho osténf je vliv agresi-
vity prostiedi nejen na jednotlivé prvky primérniho osténi
(stfikany beton, vyztuzné ramy a sité), ale i prvky vyztuzujici
horninovy prstenec v okoli vyrubu. V Ceské republice je pri
navrhu definitivniho osténi zpravidla postupovano podle dru-
hého pristupu a definitivni osténi plné prebird zatiZeni
z primérniho osténi, které je povaZovéno za docasné. Odpovéd
na miru degradace primarniho osténi po desitkach let od pro-
vedeni mohou dat vyzkumy provadéné v soucasné dobé
v Rakousku, kde jsou v ramci zvySeni bezpecnosti provozu
raZeny druhé tunelové trouby tunelu, které byly uvedeny do
provozu pred vice nez 30 lety. Pfi provadéni tunelovych pro-
pojek, nebo pri sanaci osténi stdvajicich tunelovych trub lze
odebirat vzorky primarniho ostén{ a podrobit je analyze. Do-
savadni vysledky laboratornich zkousek ukazuji, Ze degradace
stiikaného betonu priméarniho osténi nepostupuje zdaleka tak
rychle, jak se predpoklddalo a jak beton, tak ocel plni stdle
svou nosnou funkci [10]. Odpovéd na Zivotnost osténi ze stii-
kaného betonu lze nalézt také na fadé skandindvskych tunelq,
kde se monolitické sekundarni osténi prakticky nepouziva.
I pres piimé vystaveni vlivim prostredi jak ze strany hornino-
vého masivu, tak dopravniho prostoru je i po mnoha letech
stdle v pozadované kvalité. Dalsi text se vSak bude zabyvat
nevyztuzenym definitivnim osténim jako jedinym nosnym
prvkem zajiStujicim stabilitu tunelu po dobu jeho Zivotnosti
(100 let).

2.2 Princip navrhu Zelezobetonového osténi

Pfi ndvrhu osténi a téZ i pfi urCovani kritérii, jimz ma ostén{
z nevyztuzeného betonu vyhovovat, je potreba vzit do dvahy
rozdily ve statickém pusobeni mimostiedné tladené konstrukce
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which would allow both parties to the contract to carry out
changes during the construction legally and operatively. The
excavation of a tunnel and the method of stabilising the exca-
vation is what we mostly understand under under the term
“optimisation of a technical solution with respect to geotech-
nical conditions“. Not less important role in terms of labori-
ousness, minimisation of risks during works execution and the
final amount of investment costs is played by the technical
solution of the final lining. Even in this case is it possible to
speak about the NATM as an observational method. It is pos-
sible to create a mathematical model approximating realistic
conditions on the basis of the results of geotechnical measu-
rements conducted during the underground excavation, condi-
tion surveys of the faces of individual excavation advance
rounds and responsible determination of geotechnical para-
meters of the ground mass, thus obtaining the inner forces
required for the design of the amount of reinforcement or for
the application of an unreinforced concrete lining.

2. DIFFERENCES IN DESIGNING REINFORCED CONCRETE
AND UNREINFORCED CONCRETE LININGS

2.1 Two approaches to the function of primary
and final linings

No unambiguous opinion exists among the technical public
on the load-carrying function of the primary and final (secon-
dary) linings. Supporters of the basic load-carrying function
of the primary lining stand on one side. They assign it, in coo-
peration with the ground ring stabilised with anchors, the
capability of transmitting ground pressure throughout the tun-
nel design life. In such a case, the final lining fulfils only the
facing and aesthetic role because it is loaded only by its own
weight and effects of volumetric changes. Only in the cases of
pressure insulated tunnels they have to resist hydrostatic pres-
sure as well. The Pisdrky tunnel in the Czech Republic was
constructed under these assumptions. High-durability fibreg-
lass anchors were used for reinforcing the ground ring.
Supporters of the theory of total degradation of the primary
lining stand on the other side. In their opinion, the primary
lining loses its load-carrying function earlier than the assumed
life period ends and all loads have to be carried by the final
lining.

A fundamental issue of durability of the primary lining is the
effect of aggressive environment not only on the individual
components of the primary lining (shotcrete, supporting fra-
mes and welded mesh), but also on the elements reinforcing
the ground ring in the excavation surroundings. In the Czech
Republic the latter approach is usually applied to designing the
final lining and the final lining fully takes the loading from the
primary lining that is considered to be temporary. An answer
regarding the degree of degradation of the primary lining after
tens of years can be obtained from a research conducted cur-
rently in Austria, where the second tubes of tunnels, which
were opened to traffic over 30 years ago, are driven in order to
improve operation safety. It is possible to collect samples of
the primary lining during the building of cross passages or
repairs of linings of existing tunnel tubes and analyse them.
Recent results have proved that the speed of degradation of the
primary lining shotcrete is far from the assumptions and both
the concrete and steel keep fulfilling their load-carrying func-
tion [10]. An answer regarding the durability of shotcrete
linings can, in addition, be found on numerous Scandinavian
tunnels, where cast-in-place secondary lining is virtually unu-
sed. The required lining quality remains even after many years
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ze Zelezového ¢i nevyztuzeného betonu. V pripadé Zelezobeto-
nového osténi dochazi pri odpovidajicim vyuZiti tazené vyztu-
Ze v prilehlém betonu ke vzniku a vyvoji trhlin, nebot jiz pfi
malém pretvofeni tazenych vldken prarezu dochdzi k prekro-
Ceni tahové pevnosti betonu. Pfi posouzeni prifezu je proto
zaveden predpoklad vylouceni tazeného betonu a prenos taho-
vych napéti v prufezu pouze samotnou vyztuzi. K vypoctu
vnitfnich sil, na néz je osténi navrhovano, vsak v pripadé zele-
zobetonu postacuje linedrni materidlovy model, coZ znamend,
7e tuhosti prufeza osténi nejsou vznikem a vyvojem trhlin
ovlivnény a vstupuji do vypoctu svymi plnymi (poéate¢nimi,
neredukovanymi) hodnotami. Vysledna poloha tlakové norma-
lové sily muZe za t€chto okolnosti byt i mimo hranice prufezu.
2.3 Princip navrhu nevyztuzeného osténi

Odli$nd situace nastdva v pripadé nevyztuZeného osténi.
Pokud osténi z nevyztuzeného betonu je modelovano linedr-
nim materidlovym modelem, je nevyhnutelnym vysledkem
navrhu nehospodarné velkd tloustka osténi. V takové situaci
je na viné neuspokojivého vysledku nedostate¢ny a madlo
sofistikovany vypocetni model, pfi jehoZ pouziti je osténi
navrhovdno podle tahové pevnosti betonu. Ta je o fad nizsi
neZ pevnost tlakovd, kterd ale ve skute¢nosti o inosnosti roz-
hoduje. Proto je nutno prikroCit k vypoctu s nelinedrnim
modelem osténi, kde je zohlednén vznik trhlin a pripadnd
plastifikace prifezi. Ulohu je moZno fesit napiiklad pomoci
MKEP s ploSnymi prvky, nebo téZ pomoci jednodussiho pruto-
vého modelu osténi.

V modelech, v nichZ se uvaZuje v oblasti trhliny s Gplnym
vylou¢enim pienosu tahu, leZi vyslednice normdlovych napéti
vzdy uvnitf prafezu, a o Unosnosti osténi rozhoduje vyhradné
tlakova pevnost betonu. To vede k subtiln€¢jSimu osténi, a tedy
i hospodarnéjsimu ndvrhu.

V naznaleném zpusobu vypoétu nevyztuZenych osténi se
k vysledkim dochézi pomoci itera¢niho procesu. V jeho pru-
béhu se vypolitdva stav napjatosti a deformaci v prurezu za
predem piijatych predpokladi. Napiiklad na prutové soustavé
s nelinedrnim materidlovym modelem osténi se po vzniku trh-
liny predpoklddd linedrni prabéh napéti v tlaené oblasti pra-
fezu; pri dal§im prit€Zovani je nejprve dosazeno navrhové pev-
nosti betonu v tlaku v krajnich vldknech a poté zacind faze
postupné plastifikace materidlu, kterd je ukoncena dosaZenim
mezniho stavu dnosnosti prufezu. Pro vyvoj deformaci je pfi-
jat predpoklad rovinného pretvafeni prufezu.

Ve vyse uvedeném textu je mozno shledat nékteré rozdily, se
kterymi lze pristoupit ke statickému ndvrhu osténi vyztuZzené-
ho &i nevyztuzeného. Nékteré rozdilnosti je potfeba pak uplat-
nit i ve fazi posuzovani a vyhodnocovani dspé$nosti navrhu
osténi. Dulezitou oblasti, které se toto konstatovani dotykd, je
hodnoceni trhlin v osténi.

2.4 Rozdil v pfistupu K §ifce trhlin u vyztuzeného
a hevyztuZzeného osténi

Jednim z kritérii, podle nichz se funkce ¢i kvalita provedeni
osténi posuzuje, je Sitka trhlin, resp. jejich pocet v uréité
oblasti tunelového profilu (napf. vrchol klenby, bok tunelu).
V tomto misté je nutno poznamenat, Ze samotny vznik trhliny
zpusobeny piimym (statickym) zatiZenim neni potfeba pova-
Zovat za zdvadu ¢i poruchu. Naopak vznik trhlin je obvyklym
jevem a vyplyvd z principi a prijatych predpoklada
o statickém pusobeni Zelezobetonové &i pouze betonové kon-
strukce. Existuji v8ak aspekty, které je v tomto ohledu potreb-
né sledovat, a ty jsou pro oba typy osténi rozdilné.

V pripadé€ Zelezobetonovych osténi je $itka trhliny limitova-
na a hodnoty, jeZ nemaji byt prekroCeny, jsou k nalezeni
v piislu§nych normdch a predpisech. Hlavnim smyslem ome-

despite direct exposure to effects of the environment from the
side of both the ground mass and the road space. In the text
below we will deal with unreinforced concrete final lining as
the only load-carrying element providing stability to a tunnel
throughout its life (100 years).
2.2 Principle of designing reinforced concrete linings
When a lining is being designed and criteria for the unrein-
forced concrete lining are being determined, it is necessary to
take into account the differences in the static action of an
eccentrically compressed reinforced concrete or an unreinfor-
ced concrete structure. In case of the reinforced concrete
lining, cracks start and develop at adequate exploitation of ten-
sile reinforcement in adjacent concrete because the tensile
strength of concrete is exceeded already at a small strain of
tensile fibres in the section. For that reason, an assumption is
introduced that concrete in tension is excluded and tensile
stresses in the section are transmitted solely by reinforcing
bars. However, a linear material model is sufficient for the cal-
culation of inner forces for which the lining is being designed;
it means that the stiffness values of lining sections are not
affected by the formation of cracks and the full (initial, unre-
duced) values enter the calculation. The resultant position of
the normal force can be under these conditions even outside
the section boundaries.

2.3 Principle of designing unreinforced concrete lining

A different situation is in the case of an unreinforced conc-
rete lining. If the unreinforced concrete lining is modelled
using a linear material model, the unavoidable result of the
design is an uneconomically great thickness of the lining. In
such a case the insufficiently sophisticated calculation model
where the lining is designed according to the tensile strength
of concrete is blamed for the unsatisfactory result. Tensile
strength is smaller by an order of magnitude than compressive
strength. However, the compressive strength is in reality cru-
cial for the bearing capacity. For that reason it is necessary to
proceed to calculation with a non-linear model of the lining,
where the cracks and potential plastification of the sections are
taken into account. The problem can be solved, for example,
using the FEM with planar elements or even using a simpler
beam-based model of the lining.

In the models where total exclusion of tension is assumed in
the area of the crack, the resultant of normal stresses always
lies inside the section and the bearing capacity exclusively
depends on the compression strength of concrete. It leads to
a thinner lining, thus also to a more economic design.

In the method of calculation of unreinforced concrete lining
outlined above, the results are arrived at by means of an itera-
tion process. The state of stress and deformations in the secti-
on is calculated under predefined assumptions. For example,
on a beam-based model of a structure with a non-linear model
of the lining, a linear distribution of stress is assumed in the
compression zone of the section; during additional loading, the
design compression strength of concrete is first reached in the
outermost fibres and, subsequently, the phase of gradual plas-
tification of the material starts. It ends by reaching the ultima-
te limit state of the section. The assumption of planar section
deformation is adopted for the development of deformations.

In the text above it is possible to find some differences in
the approach to the structural design of a reinforced or unrein-
forced concrete lining. However, some differences must be
applied even in the phase of evaluation of success of the lining
design. The assessment of cracks in the lining is an important

issue related to this statement.



zeni §itky trhliny je v tomto pfipadé ochrana ocelové vyztuze
a zabréanéni jeji koroze. Pro ruzné typy prostiedi, v nichZ se
osténi muZe nachézet, a druhy létek, které vyztuz mohou ohro-
zit, jsou doporuceny limitni hodnoty. Pfi dodrZeni téchto pre-
depsanych hodnot spoleéné s dostateCnym krytim je mozno
predpoklddat, Ze bude zabrdnéno priniku Skodlivych ldtek do
oblasti vyztuze, a nedojde tak k naruSeni nosné funkce ani
trvanlivosti konstrukce, kterd je v pripadé tunelovych staveb
uvazovand 100 let. Dal§im kritériem pro omezeni $itky trhlin
je pripadné nepriznivé ovlivnéni vzhledu konstrukce.

K jiné situaci dochdzi v pripadé nevyztuzeného osténi.
Zustava sice naddle pozadavek na ni¢im nenaru$enou nosnou
funkci prafezu, tu v8ak zajiStuje jako jediny konstruk&ni prvek
samotny beton. Odpadd zde prenos sil pomoci ocelové vyztu-
Ze, a kritéria, vztahujici se k trhlindm a stanovena pro Zelezo-
beton, ztrdceji svuij vyznam. Hlavnim poZzadavkem pro funkci
nevyztuzeného osténi je bezpecny prenos sil v betonovém pru-
fezu, coZz musi byt zajiSténo predevSim dostateCnou vySkou
tlacené oblasti odpovidajici konkrétnim napjatostnim pomeé-
rum v prurezu. Vysledna $ifka trhliny tak muZe v porovndni se
Zelezobetonovym prufezem byt v raznych stavech napjatosti
odlisnd a vét3i. Stejné jako u Zelezobetonu muZe byt ale ome-
zena $itka trhlin poZadavky na vzhled konstrukce.

Obecné je z hlediska statiky moZnost fesen{ tunelového osté-
ni jako nevyztuzeného zdvisla na nékolika faktorech.

Predev§im se jednd o spolehlivé ocenéni geologickych
poméru. I zahrani¢ni predpisy konstatuji moZnost aplikace
osténi z nevyztuzeného betonu pouze v priznivych geologic-
kych a geotechnickych pomérech. V pripadé geologickych
poruch s dopadem na velikost a rozdilnou intenzitu zatiZeni po
obvodé tunelu, ¢i v priportdlovych tusecich se predpoklada
pouziti Zelezobetonu.

Dalsim z dulezitych faktort dspé$ného ndvrhu je geometrie
tunelového profilu a tvar osténi. Na tento parametr je prave
v pripadé nevyztuzeného betonu koneny uspéch navrhu velmi
citlivy. Je viak ziejmé, Ze jen mdlokdy je moZno prizpusobit
tvar osténi pouze a jen potrebdam z hlediska statiky. Ve vypo-
¢tu osténi, jez staticky vyhovuje, je dosaZzeno konvergence ite-
ra¢niho procesu a vysledné polohy normélové sily uvniti pru-
fezu. Neni-li vypo¢tem dosazeno rovnovahy (v pripadé Zele-
zobetonu je mozno feSit pfidinim vyztuZe), je pro ndpravu
k dispozici pouze jiny tvar osténi, véts{ tloustka prufezu, nebo
prechod od osténi nevyztuZzeného k osténi vyztuZenému.

Zejména v pripadé neuzavienych profilu je dulezité peclivé
urlit okrajové podminky pusobeni osténi v oblasti uloZenf
klenby na zdkladovych pasech. Za vhodné je povaZovano
v takovém pripadé resit tunelovy profil komplexné, tj. spolec-
né klenbu osténi a zdkladovy pas (patku).

3. ZASADY PRI NAVRHU RECEPTURY BETONU
NEVYZTUZENEHO OSTEN(

Vznik trhlin v prostém betonu je materidlové preduréen pre-
devsim nizkou tahovou pevnosti materidlu. Jednd se o vlast-
nost, kterou lze bez pouZiti vyztuZe jen obtizné ovlivnit.
Prostiedkem pro omezeni vzniku trhlin zpisobenych objemo-
vymi zménami je vhodny ndvrh receptury betonu s nizkym
hydrataénim teplem a pomalym ndrustem pevnosti v pod-
te¢nich hodindch po betondZi. Redukce velikosti hydrata¢niho
tepla lze dosdhnout dodrZzenim nékolika pravidel. Na sniZzeni
hydratacniho tepla ma pozitivni vliv nizky obsah cementu cca
v rozmezi 250-280 kg/m3 , pouZiti vhodného cementu s niz-
kym obsahem CsA, pouziti popilku jako prisady do betonu
(cca 50-80 kg/m?) a navrh takové smési, kterd dosahuje pfi
zkou§kéch v laboratofi na izolovanych kostkdch maximalniho
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2.4 Difference in the approach to the width of cracks in
reinforced and unreinforced concrete linings

One of the criteria for assessment of the function and buil-
ding quality of the lining is the width of cracks and their
number in a certain area of the tunnel profile (e.g. the top of
arch, a tunnel sidewall). Here it is necessary to note that the
formation of a crack caused by direct (static) loading does
not have to be considered as a defect or failure. Rather the
contrary, the origination of cracks is a usual phenomenon ari-
sing from the principles and adopted assumptions regarding
the static action of a reinforced concrete or only unreinforced
concrete structure. Nevertheless, there are some aspects
which must be monitored in this respect and they are diffe-
rent for both of the lining types.

In case of reinforced concrete linings, the crack width is
limited and the values which are not to be exceeded can be
found in respective standards and regulations. The main pur-
pose of limiting the crack width is in this case to protect the
steel reinforcement and to prevent its corrosion. Limit values
are recommended for various types of the environment in
which the lining may be located and for those kinds of sub-
stances which can threaten the reinforcement. When these
prescribed values are fulfilled and the concrete cover is suf-
ficient, it is possible to expect that the penetration of harmful
matters into the area of the reinforcement will be prevented
and neither the load-carrying function nor the durability of
the structure, which is planned for 100 years in the case of
tunnel structures, will be disturbed. Another criterion for
limiting the width of cracks is the potential unfavourable
influence on the structure appearance.

Another situation occurs in the case of an unreinforced
concrete lining. The requirement for the undisturbed load-
carrying function of the section remains the same, but this
function is ensured by the concrete itself as the only structu-
ral element. The transition of forces by means of steel rein-
forcement ceases to exist in this case and the criteria relating
to cracks and determined for reinforced concrete lose their
significance. The main requirement for the function of an
unreinforced concrete lining is the safe transition of forces in
the concrete section, which has to be ensured mainly by the
sufficient depth of the compression zone corresponding to
particular stress conditions in the section. The resulting crack
width therefore can be different and greater under various
stress states in comparison with a reinforced concrete secti-
on. Just as with reinforced concrete, this width may be limi-
ted by requirements for the structure appearance.

In general, the possibility of designing the tunnel lining as
an unreinforced structure depends on several factors.

Above all, it is a reliable assessment of the geological con-
ditions. The possibility of applying unreinforced concrete
linings only in favourable geological and geotechnical condi-
tions is accepted even in foreign regulations. It is assumed
that reinforced concrete is used in the cases of geological
faults with an impact on the magnitude and different intensi-
ty of loads acting around the tunnel circumference.

Another factor important for a successful design is the geo-
metry of the tunnel excavation cross-section and the shape of
the lining. It is especially in the case of unreinforced concre-
te that the success of the design is very sensitive to this para-
meter. But it is obvious that only seldom is it possible to
adapt the shape of the lining purely to the needs of statics.
The convergence of the iteration process and the final positi-
on of the normal force inside the section are achieved in the
calculation of a lining which is statically satisfactory. If the
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teplotniho rozdilu do 15 K. Pocéte¢ni teplota smési by méla
byt pfimérené nizkd (13 — 18 °C), neméla by byt vetsi nez
max. 25 °C.

V zahranic{ je zcela bézné, ze pro dosazeni optimalnich hod-
not navrhované smési pro nevyztuZend osténi se pouziva kom-
binace vice ruznych cementu. Déle je tfeba volit nizky obsah
vody v intervalu cca 170-190 kg/m3, zvysit podil jemnych
Castic — cement, popilek, jemné kamenivo <0,125 mm na
objem >370 kg/m?, omezit prachové &astice, zajistit kamenivo
o frakci 4/8 mm v doporuc¢eném mnoZzstvi cca 3—-5 %, udrzet
pomér w/c maximédlné¢ na hodnoté 0,63 a pouZivat pokud
mozno kamenivo s nizkym soucinitelem tepelné vodivosti.
V pripadé nevyztuZzeného osténi se doporucuje pouZzit frakci
kameniva D=32 mm.

Z hlediska vzniku trhlin je duleZitd i nizkd odbednovaci pev-
nost. Vzhledem k tomu, Ze betonéz definitivniho osténi probi-
hd zpravidla po ustdleni deformaci primarniho ostén{
a definitivni osténi neni zatiZeno horninovym tlakem, neni
proto ze statického hlediska nutné, aby konstrukce vykazova-
la kone¢nou pevnost jiz po 28 dnech. Lze predpoklddat, Ze sta-
tickym vypoctem uvazovand hodnota zatiZeni na n¢j dolehne
aZ po uplné degradaci primdrniho osténi, pokud k ni vibec
nékdy dojde. Pro ndvrh smési je vyhodné, pokud je mozné
pouzit ,,pomalou” recepturu betonu s nizkym hydratacnim tep-
lem a koncovou pevnosti po 56, nebo dokonce 90 dnech.

4. POSUZOVANI KVALITY POVRCHU NEVYZTUZENEHO
OSTENI A SMLUVNI KRITERIA

4.1 PFiciny vzniku trhlin a jejich vliv na funkci osténi
NevyztuZené tunelové osténi je v Ceské republice stéle jeité
spiSe raritou, neZ obecné prijimanou zvyklosti. Casto diskuto-
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vanou otazkou je pocet, smér, hloubka a Sitka trhlin, které

foto | photo courtesy of Libor Marik
Obr. 1 Vertikdlni trhlina na boku osténi vznikld smrstovanim betonu
Fig. 1 Vertical crack on the side of the lining caused by concrete shrinkage

equilibrium is not achieved in the calculation (in the case of
reinforced concrete it is possible to solve it by additional
reinforcement), the only way of remedy available is changing
the shape of the lining, designing a greater section thickness
or a change from unreinforced to reinforced concrete lining.

It is particularly important in the case of unclosed tunnel
profiles to thoroughly determine the boundary conditions to
describe the contact of the vault and footings. In such a case,
we consider it to be correct if the tunnel profile is analysed
comprehensively, i.e. jointly with the lining vault and the
footing.

3. PRINCIPLES OF DESIGNING CONCRETE MIX FORMULA
FOR UNREINFORCED CONCRETE LINING

From the aspect of material, the formation of cracks in unre-
inforced concrete is predestined first of all by the low tensile
strength of the material. It is a property which can be changed
only with difficulty without the use of steel reinforcement.
The means for limiting the formation of cracks caused by
volumetric changes during the initial hours after casting of
concrete is a correct design of the concrete mix formula with
low hydration heat and slow strength gain. The reduction of
the hydration heat magnitude can be achieved by adhering to
several rules. Reducing the hydration heat is positively affec-
ted by the low content of cement ranging from ca 250 to
280kg/m> and by the use of suitable cement with low content
of C;A, the use of fly ash as a concrete improving admixture
(ca 50-80kg/m?) and the design of such a mixture which rea-
ches the maximum temperature difference up to 15K during
laboratory tests on insulated cubes. The initial temperature of
the mixture should be moderately low (13-18°C) and it is
recommended that the fresh concrete temperature should not
be higher than 25°C.

It is quite common abroad that a combination of several dif-
ferent cement types is used to achieve optimum values of the
mixture being designed for unreinforced concrete linings. In
addition, it is necessary to choose low water content within
the interval of ca 170—19Okg/m3 to increase the proportion of
fine particles — cement, cinder, fine aggregate <0.125mm to
the volume >370kg/m3, to limit the amount of silt particles, to
provide 4/8mm fraction aggregates in the recommended
amount of ca 3-5%, to maintain the w/c ratio at 0.63 as the
maximum and to use aggregates with a low coefficient of
thermal conductivity as much as possible. The use of aggre-
gate fraction D=32mm is recommended in the case of an unre-
inforced concrete lining.

Even the low concrete strength at formwork stripping is
important as far as the formation of cracks is concerned. With
respect to the fact that the final lining concrete is usually cast
after the stabilisation of the primary lining deformations and
the final lining is not loaded by ground pressure, it is not
necessary from the static point of view for the structure to
exhibit the required terminal strength value already after 28
days. It is possible to expect that the value of loading assu-
med by the calculation will act on the lining later, after the
complete degradation of the primary lining, if ever. It is
advantageous for the mixture design if it is possible to use
a “slow” concrete formula with low hydration heat and the
terminal compressive strength is reached after 56 or even

90 days.



v osténi vznikaji. Lze je rozdélit do nékolika typu, témto
typum pfisoudit vyznam a s urlitou mirou zjednoduseni
i pri¢inu vzniku. Prvni pfi¢inou vzniku jsou objemové
zmény betonu, ke kterym patii jednak smrstovéni, jednak tep-
lotni zmény v dobé betondze vlivem hydrataéniho tepla
a v prubéhu Zivotnosti tunelu vyvolané stiidanim teplot podle
ro¢nich obdobi. Druhou pfi¢inou vzniku trhlin je statické zati-
Zeni pusobici na konstrukei.

Trhliny zplsobené objemovymi zménami betonu jsou bud
vertikdlni trhliny zpravidla na bocich tunelu, které mohou
v nékterych pripadech probihat pfes celou klenbu osténi, nebo
vSesmérné ,,pavucinové“ trhliny na celé plose konstrukce.
Priklad smrstovaci, vertikdlni trhliny ukazuje obr. 1. Trhliny
od statického zatiZen{ jsou zpravidla orientované ve sméru osy
tunelu (horizontdlni). Obvykle se tvori ve vrcholu klenby,
v zdvislosti na velikosti zatiZzeni a poméru svislého a bo¢niho
tlaku se mohou vyskytovat i na bocich tunelu. Skute¢nost je
takovd, Ze obé priiny vzniku trhlin nejde od sebe striktné
oddélit. Velikost trhliny od statického pusobeni ovliviiuje
i napjatost osténi vlivem smrstovéani betonu a naopak.

Dvoji je i pristup k posuzovéni trhlin z hlediska funkénosti
osténi. Je tfeba rozlisit predev§im smér trhliny. Vertikdlni trhli-
ny neovliviuji zdsadnim zpusobem statické pusobeni osténi.
Jejich funkci je mozné si predstavit jako rozdéleni osténi na
krat$i bloky, jejichZ statickd funkce se v pri¢ném sméru nemeéni.
Hlavni kritérium je v tomto pripad¢ estetické. Je to dohoda mezi
zhotovitelem a objednatelem o tom, jakou md predstavu
o vzhledu povrchu osténi. Naproti tomu trhliny od statického
zatiZeni mohou primo ovliviovat statickou funkci osténi. Pfi
jejich vzniku se v osténi vytvari ¢astecny kloub, dochdzi ke
zméné statického schématu konstrukce a zméné prabéhu vniti-
nich sil, zejména ohybovych momentu. Pfi prakticky nezméné-
né normdlové sile se zmenSuje tlatend oblast prurezu osténi.
V takovém pripadé je nutné konstrukci posoudit a pripustnou
Sitku i hloubku trhliny stanovit na zdkladé statického vypoctu.
Kromé posouzeni tlaené oblasti prifezu je nutné posoudit
i nebezpe¢i vzniku druhotnych trhlin, které vznikaji v osténi
kolmo na smér radidlnich trhlin a mohou zpusobit vypaddvani
takto poskozenych ¢asti. Zde vznika riziko predevsim z hlediska
bezpecénosti provozu. Tento jev je popsdn napr. v literatufe [9].

4.2 Posuzovani kvality nevyztuzeného osténi
v Ceské republice
Zatimco v Rakousku nebo Némecku je problematika posu-
zovani trhlin zndmd a obsaZend ve smérnicich a predpisech,

foto | photo courtesy of Libor Maiik
Obr. 2 Povrchové dutiny v dolni &sti osténi
Fig. 2 Surface cavities in the lower part of the lining
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4. ASSESSING THE QUALITY OF THE SURFACE
OF UNREINFORCED CONCRETE LINING AND
CONTRACTUAL CRITERIA

4.1 Causes of the formation of cracks and their influence
on the function of linings

An unreinforced concrete tunnel lining is still rather a rarity
than a generally established practice in the Czech Republic. An
often discussed issue is the number, orientation, depth and
width of cracks in a lining. We can divide the cracks into seve-
ral types, assign significance to these types and, with a certain
degree of simplification, even the cause of their origin. The
first cause of their formation lies in volumetric changes of
concrete — shrinkage, temperature changes during concrete
casting due to hydration heat and, during the tunnel life, due to
the temperature changes corresponding to the seasons. Another
cause of the formation of cracks lies in the static loads acting
on the structure.

Cracks due to volumetric changes of concrete are either ver-
tical cracks usually on the tunnel sides, which can in some
cases run across the whole lining vault, or directionless “cob-
webby” cracks in the whole area of the structure. An example
of a vertical shrinkage crack is presented in Fig. 1. Cracks due
to static loading are usually oriented in the direction of the tun-
nel axis (horizontal). They are usually created in the vault
crown; they can appear even on the tunnel sides, depending on
the loading intensity and proportion between the vertical and
lateral pressure. In reality, the two causes of the formation of
cracks cannot be strictly distinguished one from the other. The
size of a crack due to a static action is affected by the state of
stress in the lining due to concrete shrinkage and vice versa.

The approach to assessing cracks from the point of view of
the lining functionality is also double. First of all, it is neces-
sary to distinguish the crack direction. Vertical cracks do not
fundamentally influence the static action of the lining. It is
possible to imagine their function as splitting of the lining
into shorter blocks, the static function of which does not
change in the transverse direction. The main criterion in this
case is aesthetic. It is a matter of an agreement between the
contractor and the client about the client’s idea of the lining
surface appearance. On the contrary, cracks due to static loa-
ding may directly affect the static function of the lining.
When they start, an imperfect hinge develops in the lining,
the statical schema of the structure changes as well as the
distribution of inner forces, mainly bending moments. With
the normal force almost unchanged, the compression zone of
the lining section is reduced. In such a case it is necessary to
assess the structure and determine the allowable width and
depth of the crack on the basis of a structural analysis. Apart
from assessing the compression zone of the section it is
necessary to assess also the danger of secondary cracks for-
mation in the lining perpendicularly to the direction of radi-
al cracks, which may cause falling of the parts thus dama-
ged from the lining. It is dangerous first of all with respect
to the operation safety. This phenomenon is described in
Reference [9].

4.2 Assessing the quality of unreinforced concrete
linings in the Czech Republic

Whilst in Austria and Germany the problems of assessing
cracks are known and contained in directives and regulations,
no regulation defining the relationship between the client and
the contractor during the final acceptance at the end of the war-
ranty period existed in the Czech Republic until the end of
2015. In a better case, the allowable parameters of the lining
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neexistoval v Ceské republice do
konce roku 2015 predpis, ktery by
v této oblasti smluvné upravoval
vztah mezi investorem a zhotovi-
telem pri prebirdni dila na konci
jeho zdruéni doby. V lepS$im pripadé
byly pripustné parametry povrchu
osténi a trhlin definovdny v zada-
vaci dokumentaci, v hor§im pripadé
byla pravidla stanovena aZ v pru-
beéhu vystavby. V takovém pripadé
jde zhotovitel tunelu do rizika pre-
dem nedefinovaného rozsahu pri-
padnych sanacénich praci. Pfi zodpo-
védném pristupu si toto riziko v na-
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bidce na realizaci dila oceni, ¢imz

Jfoto | photo courtesy of Viktor Petrds

Obr. 3 Uvolnénd Cdst osteni u spdry mezi bloky betondZe

dochdzi ke zbyte&nému zvySovéni Fig.3 Loosened part of the lining at the joint between concrete casting blocks

investi¢nich nékladu.

V pfipadé ZelezniCnich tuneli tento stav stdle trvd,
u silni¢nich a ddlni¢nich tuneld doslo ke zméné po vyddni
revize technickych kvalitativnich podminek (TKP) Mini-
sterstva dopravy ¢. 18 — Betonové konstrukce a mosty v lednu
2016. Text predpisu pripousti pouZiti nevyztuzeného betonu
jako konstrukéniho materidlu a obsahuje nejen kritéria pri-
pustného vzniku trhlin, ale i pozadavky na kvalitu povrchu
nevyztuzeného osténi. Na povrchu nevyztuzeného osténi jsou
pripustné dutiny (bubliny) s uzavienym povrchem max. o pru-
méru 25 mm, nebo plochy max. 5 cm? a hloubky max. 10 mm.
Priklad téchto dutin je na obr. 2. Dutiny na povrchu osténi je
nutno sanovat, pokud jeden z jejich rozméru (pramér, plocha,
hloubka) presdhne dany limit. Pro ndvrh opravy plati, Ze povr-
chova oprava betonu, napriklad brousenim, pokud je mozna, je
lep$i a trvanlivéjsi, neZ tenkd vrstva sana¢ni hmoty. Ta muze
v pfipadé odtrZzeni od podkladu zpusobit pidem na projizdéji-
ci automobil daleko vétsi $kodu, nez kterou predstavuje nedo-
konaly povrch osténi. To plati zejména pro oblast vrcholu
klenby tunelu nad komunikaci. Lom betonu na hranich pra-
covnich nebo dilatacnich spar a/nebo blizko trhlin se posuzuje
z hlediska jeho polohy v osténi. Jde-li trhlina nezndmé hloub-
ky ve vzdilenosti 200 mm nebo mensi od pracovni nebo dila-
taéni spdry nebo jiné nejblizsi trhliny, je nutné predpokladat
moznost odlomeni ¢&dsti betonu osténi. Tvori-li trhlina
a pracovni nebo dilatacni spdra a/nebo vice trhlin spojity uza-
vieny tvar, vymezujici moZznost odlomeni nebo uvolnéni ¢dsti
betonu (obr. 3), bude se $itka trhliny (véetné nekonstrukéni
trhliny) sledovat pri béZnych prohlidkdch nejméné 1x ro¢né,
pokud jeji §itka nepresdhne 0,2 mm. Pfi $ifce trhliny od 0,2 do
0,8 mm se bude sledovat pfi mimorddnych prohlidkach 1x za
3 mésice a pri §ifi nad 0,8 mm je nutno navrhnout a provést
opatfeni (napr. opravu dotéeného dseku osténi). Odsteépky
a uvolnéné ¢4sti betonu, zejména na hrandch pracovnich nebo
dilatac¢nich spdr a/nebo trhlin, jsou povazovdny za vadu brani-
ci bezpetnému provozu a musi byt opraveny pred uvedenim
do provozu.

U nevyztuzeného osténi je maximdlni hloubka konstruk¢-
nich trhlin ddna poZadavkem na minimalni tloustku tlacené
z6ny G&inného prarezu betonu a musi byt stanovena na zdkla-
dé statického vypoctu pro konkrétni pripad. Hloubka nekon-
strukénich trhlin vyztuZeného osténi neni omezena a muZe
prochazet pres celou tloustku osténi. Trhliny v osténi Zadného
z uvedenych typu nesmi prochdzet kotvami do betonu, které
slouzi napriklad pro upevnéni technologického vybaveni tune-
lu. V pripadé nevyztuzeného osténi je nutné trhliny vyplnovat
v pripadé€, kdy neni prokdzéana jejich nezdvadnost z hlediska

surface were defined in tender documents, whilst, in a worse
case, the rules were set later, in the course of the construction.
In such a case, the contractor takes the risk of an undefined
scope of potential rehabilitation work. In case of a responsible
attitude, the contractor evaluates this risk and incorporates it in
the bid for execution of the works, thus the investment cost is
unnecessarily increased.

In case of railway tunnels this situation still exists, in case of
road and motorway tunnels it changed after the issuance of
a review of Technical Specifications of the Ministry of
Transportation No. 18 — Concrete Structures and Bridges in
January 2016. The regulation allows use of unreinforced conc-
rete as a structural material and contains not only criteria for
the allowable formation of cracks, but also requirements for
the quality of the unreinforced concrete lining surface.
Cavities (bubbles) with closed surface and maximum diameter
of 25mm or maximum area of 5cm? and maximum depth of
10mm are permissible on the surface of an unreinforced conc-
rete lining. An example of these cavities is presented in Fig. 2.
Cavities in the lining surface have to be treated if one of their
dimensions (diameter, area, depth) exceeds the respective
limit. The repair of concrete surface in the repair design, for
example by grinding, if possible, is better and more durable
than a thin layer of a repair material. Such a layer may cause
a far greater damage if it breaks away from the substrate and
falls on a passing vehicle than an imperfect surface of the
lining. It applies first of all to the area at the tunnel vault crown
above the roadway. Breaking of concrete at the edges of con-
struction or expansion joints and/or in the vicinity of cracks is
assessed from the point of view of its location in the lining. If
a crack of unknown depth is located at a distance of 200mm or
smaller from a construction or expansion joint or another clo-
sest crack, it is necessary to assume that a part of the lining
concrete can break off. If the crack and the construction or
expansion joint and/or more cracks form a continuous closed
shape delimiting the possibility of breaking away or loosening
a part of concrete (see Fig. 3), the crack width (including
a non-structural crack) will be monitored during regular
inspections at least once a year, unless the width exceeds
0.2mm. At the width ranging from 0.2 to 0.8mm the crack will
be monitored during extraordinary inspections 1x in 3 months
and, at the width over 0.8mm, it is necessary to design and
implement measures (for example a repair of the particular
section of the lining). Spalls and loosened parts of concrete,
first of all those loosened from the edges of construction or
expansion joints and/or cracks, are considered to be a defect




Tab. 1 Maximdlné pripustné hodnoty trhlin nevyztuZeného osténi
Table 1 Maximum permitted values for cracks in unreinforced concrete linings
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maximalni pfipustné hodnoty sledovanych jednotka  stav pfi prevzeti stav na konci stav na konci
parametr(i poruch osténi z nevyztuzeného betonu unit criterion at final zéaruéni doby Zivotnosti
maximum permitted values of monitored parameters acceptance criterion at the end criterion at the
of defects of unreinforced concrete linings of warranty end of design life
Sitka trhlin (horizontalnich) [mm] 0,5 1 1,5
width of cracks (horizontal) [mm] 05 1 1.5
hloubka trhlin [mm] urci staticky vypocet
depth of cracks [mm] to be determined by structural analysis
- svisly posun (kolmo k ose tunelu) [mm] 1 2 3
>_§ @ vertical displacement (perpendicularly to tunnel axis) [mm] 1 2 8
[&]
% S vodorovny posun (kolmo k ose tunelu) [mm] 1 2 3
_§ © horizontal displacement (perpendicularly to tunnel axis)  [mm] 1 2 3
=)
E = pocet trhlin v sekci délky 12 m (horizontélnich) [ks] 3 4 B
£3 number of cracks (horizontal) in a 12m long section [pcs] 3 4 5
§itka trhlin (vertikalnich) [mm] 2 & 3
width of cracks (vertical) [mm] 2 3 3
]
>§ ‘§ hloubka trhlin [mm] az na plnou tloustku osténi
% S depth of cracks [mm] up to the full lining depth
©
S fg pocet trhlin na délku sekce délky 12 m
2 = (vertikélnich, které probihaji pfes celou klenbu) [ks] 2 2 2
g° number of cracks in a 12m long section
£2 (vertical, running across the whole vault) [pcs] 2 2 2

tnosnosti a pouZitelnosti konstrukce a/nebo jejich rozméry
prekracuji povolené hodnoty uvedené v tab. 1.

4.3 Priklady kritérii ze zahraniéni praxe

V Ceské republice je v soutasné dobé nevyztuzené defini-
tivni osténi pouZito na Pisdreckém tunelu v Brné, tunelu
Libouchec na ddlnici D8 spojujici Prahu a Drdzdany, na obou
troubdch Vitkovskych Zelezni¢nich tunelt v Praze a na tune-
lech Olbramovickém, Tomickém I. a Sudomérickém na &tvr-
tém Zelezni¢nim koridoru, ktery vede z Prahy smérem na
Linec. Na téchto tunelech probihaji sledovdni vzniku trhlin
bez vyraznych negativnich zkuSenosti. Dlouhodobé sledovani
vSak zatim neni k dispozici.

Relativné maléd zkuSenost s pouZitim nevyztuZeného osténi
v CR ve srovndni s alpskymi zemémi, kde jsou ekonomicky
navrhované tunely nutnosti pro zajisténi dopravni infrastruktu-
ry, zfejmé vede ke stanoveni podrobnéjsich kritérii pro posu-
zovani trhlin v osténi. Jednd se predev§im o definovani poltu
trhlin na blok betondze, ale i o podrobné definovani Casu, ke
kterému se Sitka trhliny vztahuje. Vyhodou je transparentn{
vztah mezi objednatelem a zhotovitelem pfi pripadnych rekla-
macnich fizenich. V zahrani¢nich predpisech jsou kritéria sta-
novena podstatné jednodu$§im zpusobem, nebot’ zkuSenosti
ukazuji, Ze pouziti nevyztuZeného osténi neni z hlediska pro-
vozovani tunelu, nebo dokonce zajisténi jeho stability rizikem.

Rakousky predpis [3] nepovaZzuje trhliny od objemovych
zmén, nebo mechanickych vliva do $ifky 1 mm za vady. Pfi
vetsi §ifce musi byt trhliny posouzeny z hlediska trvanlivosti
osténi, té€snosti a statického pusobeni. Tento predpis vSak prede-
v§im uvadi mozné vady vyztuzeného i nevyztuzeného osténi
véetné fotodokumentace. Predepisuje také zpusob jejich sanace.

Podle némeckého predpisu DB853 [7] je nutné injektovat
nerozvétvené radidlni trhliny $ir${ nez 2 mm, podélné trhliny
na bocich nebo ve vrcholu klenby Sir$i nez 1,5 mm a trhliny

preventing safe operation and have to be repaired before ope-
ning to traffic.

In the case of unreinforced concrete lining the maximum
depth of structural cracks is defined by the requirement for the
minimum compression zone depth of the concrete section. It
has to be determined on the basis of a structural analysis for
the particular case. The depth of non-structural cracks in
areinforced concrete lining is not limited and can run through-
out the lining thickness. Cracks in linings of all of the above-
mentioned types must not pass across anchors to concrete ser-
ving, for example, to fix tunnel equipment. In the case of the
unreinforced concrete lining it is necessary to fill cracks when
their full load-carrying capacity and usability of the structure
are not proved and/or when their dimensions exceed the per-
mitted values presented in Table 1.

4.3 Examples of criteria from foreign practice

In the Czech Republic, the unreinforced concrete lining is at
the moment found in the Pisdrky tunnel in Brno, the Libouchec
tunnel on the D8 motorway linking Prague and Dresden, both
tubes of the Vitkov railway tunnels in Prague and the
Olbramovice, Tomice I and Sudomérice tunnels on the fourth
railway corridor leading from Prague to Linz. The formation of
cracks is being monitored in these tunnels without significant-
ly negative experience. However, long-term monitoring is not
available yet.

The relative lack of experience with the use of unreinfor-
ced concrete linings in the Czech Republic in comparison
with the Alpine countries, where economically designed tun-
nels are necessary for securing the transport infrastructure,
probably leads to the determination of more detailed criteria
for assessing the cracks in linings. Above all, it is defining the
number of cracks per concrete casting block, but also detailed
defining the time to which the crack width is related. An
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pulmésicového tvaru v blizkosti pracovnich spar a kotevnich
prvku $ir§i neZ 0,5 mm. V porovndni s timto predpisem se kri-
térium pripustné §itky trhliny 0,5 mm uvedené v predpise [1]
pro konstrukéni, horizontdlni trhliny v dobé prevzeti dila
objednatelem jevi jako velmi prisné. Muze byt limitujici
v rozhodovéni o vyztuZeni, ¢i nevyztuZeni tunelu a tim nega-
tivné ovlivnit cenu dila. Vhodnéjsi by bylo nastavit kritérium
stejné, jako na konci zaru¢ni doby, nebo stejné, jako v pripadé
posuzovani hloubky trhliny, pozadovat statické posouzeni.
Divodem je moZny vznik druhotnych trhlin, ktery uvadi lite-
ratura [8]. Dal$im duvodem je skutecnost, Ze pokud ke vzniku
trhliny nedojde bezprostfedné po odbednéni, je zpravidla zpu-
sobena zatiZenim konstrukce horninovym tlakem.

5. OPATRENI PRO OMEZENi POVRCHOVYCH VAD
A VZNIKU TRHLIN NEVYZTUZENYCH OSTENI
V ptipadé vyztuzeného osténi lze §itku i hloubku trhliny do
jisté miry fidit vhodnym ndvrhem vyztuze. V piipadé nevyztu-
7eného osténi nelze u hospoddrné navrzenych prufezu vzniku
trhlin zabranit. Z hlediska statické funkce i pouzitelnosti kon-
strukce to neni ani potfebné, pokud parametry trhliny neprekro-
¢i staticky nebo smluvné definované meze. Vznik trhlin 1ze v§ak
pri betondzi osténi omezit vhodné navrzenou recepturou smesi,
dodrzovanim konstrukénich zasad, technologickym postupem
betonaze i vhodnym oSetfovanim osténi po odbednéni.
Opatieni pro omezeni vzniku trhlin v poradi bez véhy dule-
Zitosti:
1. zachovani co moznd nejplynulejsiho tvaru lice primdrni-
ho osténi bez zazubenf;
2. pouZziti mezilehlé izolace nebo separacni folie mezi pri-
marnim a definitivnim osténim;
3. zkréceni vzdalenosti mezi betondZi patek/spodni klenby
a horni klenby osténi na technologicky moZzné minimum
(optimalné 2 aZ 3 dny, prijatelné do 7 dni);
4. pouZiti betonové smési s nizkym hydrataénim teplem;
5. pouZiti betonové smési s pomalym ndbéhem pevnosti
v pocate¢nim obdobi po betonaZi;
6. odbednovani bloku osténi pfi nizké pevnosti betonu (1,5 MPa
a7 max. 3 MPa) s dobou odbednéni cca 12 hod;
7. oSetfovani betonu po odbednéni se zamérenim na omeze-
ni vysychdni a zmirnéni tepelného Soku (,,klima‘* vozy);
8. pouziti bedniciho vozu s pldstém s dobrou tepelnou vodi-
vosti (ocel);

foto | photo courtesy of Libor Maiik
Obr. 4 Trhlina tvaru pilmésice ve vrcholu klenby
Fig. 4 Crescent crack at the vault crown
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advantage is a transparent relationship between the client and
the contractor in potential claim enforcing procedures. In
foreign regulations the criteria are set in a substantially sim-
pler way because of the fact that experience shows that use of
an unreinforced concrete lining is not a risk from the point of
view of the tunnel operation or even securing its stability.

The Austrian regulation [3] does not consider cracks due to
volumetric changes or mechanical effects up to the width of
Imm to be defects. When the width is greater, the cracks have
to be assessed in terms of durability of the lining, tightness and
static function. First of all, this regulation defines possible
defects of reinforced concrete and unreinforced concrete lining
including photodocumentation. It, in addition, prescribes the
way of their treatment.

According to a German regulation DB853 [7] it is necessary
to treat unbranched radial cracks wider than 2mm, longitudinal
cracks in the sidewalls or in the vault crown wider than 1.5mm
and crescent cracks in the vicinity of construction joints and
anchoring elements wider than 0.5mm by injecting grout into
them. In comparison with this regulation the criterion for the
permissible width of crack of 0.5mm contained in the regulati-
on [1] for horizontal structural cracks at the moment of the
final acceptance by the client appears to be very strict. It may
be limiting when the decision about use of reinforced or unre-
inforced concrete is being made, thus negatively affecting the
cost of the works. It would be more appropriate to set the same
criterion as that for the end of the warranty period or, as in the
case of assessing the crack depth, to require a static assess-
ment. The reason is the possibility of formation of secondary
cracks, which is described in Reference [8]. Another reason is
the fact that when a crack does not start immediately after
stripping, it is usually caused by the action of ground pressure
on the structure.

5. MEASURES RESTRICTING SURFACE DEFECTS
AND FORMATION OF CRACKS IN UNREINFORCED
CONCRETE LINING

In the case of a reinforced concrete lining it is possible to
a certain degree to control the width and depth of a crack by
a suitable design of reinforcement. In the case of unreinforced
concrete lining it is impossible to prevent from the formation
of cracks in economically designed cross-sections. From the
aspect of the static function and usability of the structure it is
even unnecessary, unless the crack parameters exceed the sta-
tically or contractually defined limits. Nevertheless, the for-
mation of cracks can be limited during the concrete casting
process by designing a suitable formula, adhering to construc-
tion principles, a suitable concrete casting procedure and
curing of the concrete lining after stripping.

Measures designed to limit the formation of cracks in an
order without considering the weight of importance:

1. maintaining the geometry of the primary lining surface
smooth and unbroken as much as possible (without toot-
hing, edges);

2. using intermediate waterproofing or a separation mem-
brane between the primary and final linings;

3. reducing the time lag between the casting of concrete for
footings/invert and the lining upper vault to a techno-
logically possible minimum (best between 2 and 3 days,
acceptable up to 7 days);

4. using concrete mixture with low hydration heat;

5. using concrete mixture with slow gain of strength in the

initial period after casting the concrete;




9. nizka pocatecni teplota betonové smeési od 13 °C do 18 °C,

za fizenych podminek je pfipustnych max. 25 °C;

10. doporucend délka bloku betondze do 12,5 m.

5.1 Pfipustné odchylky od teoretické tloustky osténi

Nevyztuzené osténi se zpravidla pouzivd v dsecich tunelu
situovanych v horninovém masivu, ktery umoZnuje razbu
s del§im zdbérem, pripadné pouziti primarniho osténi bez
vyztuznych rdmu. Tim dochézi k technologicky podminénym
nadvyrubim a vét§im odchylkdm od projektovaného tvaru
vyrubu. Vyplin nadvyrubu se v rdmci piipustnych toleranci
provadi monolitickym betonem definitivniho osténi. Pfi pouzi-
ti nevyztuZeného osténi je treba se vyvarovat prili§ rychlé
zmény jeho tloustky a zazubeni primarniho a definitivniho
osténi, které by mohlo do ostén{ vnaset nezddouci slozky tan-
gencidlniho napéti. V pripadé pouziti mezilehlé izolace vétsi-
nou podminky pro jeji pokladku soucasné splnuji i pozadavky
na rovinatost povrchu lice primarniho osténi. Druhym omezu-
jicim kritériem, které zajiStuje plynulou zménu tloustky defi-
nitivniho osténi, je jeho pripustnd odchylka od projektované
tlouStky. Ta je napriklad podle rakouské smérnice pro defini-
tivni osténi 100 % teoretické tloustky. Vzhledem k tomu, Ze
teoretickd tloustka nevyztuzeného osténi se zpravidla pohybu-
je od 200 mm do 300 mm, je maximdlni redlnd tloustka defi-
nitivniho osténi do 600 mm. VSechny nerovnosti, které nespl-
nuji tato dvé kritéria, jsou pred betondzi definitivniho osténi,
resp. instalaci hydroizolaéni félie vyplnény strikanym beto-
nem. Tim je zaruceno, Ze se skutecnd tloustka definitivniho
osténi nebude ménit skokové a proménné zatizeni hydrataénim
teplem ve fazi betondze a kratce po odbednéni nebude pri¢inou
nadmérného vzniku trhlin.

5.2 Opatieni pfi bednéni

Z hlediska bezpecnosti provozu je duleZité zachovat celist-
vost konstrukce v oblasti spar mezi bloky betondze. Ty jsou
provadény bud jako pracovni s betondZ{ na sraz, nebo jako
dilata¢ni, s vloZzenim pruzné vlozky. I v tomto pripadé hraje
vyznamnou roli rovinatost povrchu Cela bloku betonaZe, ktery
by mél byt idedlné hladky. Obecné plati, Ze veskeré konstruk-
¢ni spary mezi bloky musi byt pred betondzi nasledného bloku
dokonale vycistény.

Castou vadou nevyztuzeného osténi byvé vytvoreni trhliny
tvaru ploché paraboly ve vrcholu klenby (obr. 4). Jeji pfi¢inou
je neSetrnd manipulace s bednicim vozem, kdy se ¢dst plasté
bednéni opfe o Cerstvé odbednény blok betonovany v pred-
chozim kroku. V kombinaci s nevyplnénym vrcholem klenby
vede tento postup k poruSeni vrchliku klenby. Opatfenim k za-
mezeni tohoto jevu je peclivd manipulace s bednicim vozem
a instalace mékkého pdsu na styény plech na konci bedniciho
vozu, aby se omezilo jeho lokdlni zatiZeni.

Pro dosazeni pozadovaného vzhledu povrchu osténi je nutno
vénovat pozornost pripravé povrchu bednéni. Samotnd kon-
strukce bednéni musi byt navrZzena tak, aby byla dostate¢né
tuhd a vodotésnd. Veskeré prilozné vibratory na formé musi
byt uchyceny tak, aby se vibrace prendsela predevs§im do beto-
nované oblasti. Je Zddouci, aby veskeré spary plasté byly kva-
litné zpracovany. Nejvhodnéjsi povrchova tprava plasté formy
je ocelova. Pred samotnou betonazi musi byt forma vycisténa
a oSetfena vhodnym separaénim ndstfikem, ktery zajisti, Ze
vnéjsi povrch betonu neprilne k bednéni a dojde tak k hlad-
kému odbednéni. Separaéni ndstfik musi byt nanesen po celé
plose rovnomérné v tenkych vrstvach a musi byt zvolen tak,
aby nedoslo k fyzickému nebo chemickému poskozeni povr-
chu betonu. Vyznamnou roli hraje kompatibilita separa¢niho
néstfiku s nasledné provadénymi oSetfovacimi ndstriky, pri-
padné barevnymi a ochrannymi nétéry provddénymi na jiz
hotové sekundarni osténi.
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6. stripping the lining block when the concrete strength is
low (1.5MPa to maximum 3MPa), with the stripping time
of ca 12 hours;

7. curing of concrete after stripping with focus on restric-
ting drying and moderating the thermal shock (tempera-
ture conditioned travelling scaffolding);

8. the use of tunnel form travellers with good thermal con-
ductivity skin (steel);

9. low initial temperature of concrete mixture ranging from
13°C to 18°C, under controlled conditions max 25°C can
be acceptable;

10. recommended length of a concrete casting block up to

12.5m.

5.1 Permissible deviations from the theoretical
thickness of lining

An unreinforced concrete lining is usually used in tunnel
sections located in ground mass allowing excavation with
longer advance rounds or the application of a primary lining
without support frames. As a result, technologically condi-
tioned overbreaks and larger deviations from the designed
excavation geometry occur. The overbreaks within allowab-
le tolerances are backfilled with cast-in-place concrete of
the final lining. When unreinforced concrete is used, it is
necessary to avoid too rapid changing of the thickness and
creating toothing in the primary and final linings, which
could introduce undesirable components of the tangential
stress into the lining. When intermediate waterproofing is
used, the conditions for its installation mostly meet also the
requirements for smoothness of the inner surface of the pri-
mary lining. Another limiting criterion securing fluent chan-
ging of the final lining thickness is the permissible deviati-
on from the design thickness. It is, for example, according
to the Austrian directive on the final lining, 100% of the
theoretical thickness. With respect to the fact that the theo-
retical thickness of an unreinforced concrete lining usually
ranges from 200mm to 300mm, the maximum real thickness
of the final lining is up to 600mm. All irregularities failing
to meet the two criteria are filled with shotcrete prior to
installation of the waterproofing membrane and casting of
the final lining concrete. This way it is guaranteed that the
real thickness of the final lining will not vary sharply and
the variable loading by hydration heat in the concrete cas-
ting phase and shortly after stripping will not be a cause of
excessive formation of cracks.

5.2 Measures on formwork

From the point of view of operation safety it is important to
maintain integrity of the structure in the area of joints between
concrete casting blocks. They are carried out either as butt con-
struction joints or as expansion joints containing an elastic
strip. An important role is played also in this case by the flat-
ness of the surface of the concrete casting block front end,
which should be ideally smooth. In general, all construction
joints between the blocks must be perfectly cleaned up.

The creation of a crack having the shape of a flat parabola in
the vault crown (see Fig. 4) is a frequent defect. It is caused by
rough handling of the tunnel form traveller, where a part of the
skin leans against the freshly stripped block cast in the previ-
ous step. In combination with the unfilled top of the vault, this
procedure leads to damaging the top of the vault. A measure
for preventing this phenomenon is careful handling of the tun-
nel form traveller and installation of a soft strip on the contact
steel sheet at the end of the form traveller to reduce the local
load acting on the traveller.
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5.3 Opatieni pii dopravé betonové smési a betonovani

Celkovou kvalitu osténi ovliviiuje vyroba, preprava a uklad-
ka betonu do bednéni. Pokud je to mozné, méla by byt teplota
&erstvého betonu v rozmezi mezi 13 °C a 18 °C. Cerstvy beton
pro betonéz horni klenby o teploté mensi nez 10 °C a vétsi neZ
25 °C se nepovazuje za vhodny do nevyztuZenych osténi. Je
tfeba proto pruzné reagovat na sezénni vykyvy teplot a vlh-
kostnich podminek. Béhem prepravy Cerstvé betonové smési
musi byt zajiSt€éna ochrana pred vnéjSimi klimatickymi vlivy.
Je treba také zvolit vhodnou dobu zpracovatelnosti betonu
s ohledem na vzddlenost betondrny od stavby a uklddku beto-
nu provadét na stavbé véas. Obecné platné pravidlo pfi uklad-
ce smési do formy je, Ze rychlost betondze by méla byt maxi-
malné 2 m/h a horizontdlni vzddlenost mezi otvory pro beto-
naz by neméla byt vétsi neZ 3 m. Je treba dbdt také na konti-
nudlni prisun smési na stavbu tak, aby nedoslo k vytvoreni
nechténych pracovnich spar.

5.4 Opati'eni z hlediska technologického postupu
a odbednéni

Pomoci vhodného technologického postupu betondze lze
omezit vznik jak svislych, tak vodorovnych trhlin. Svislé smrs-
tovaci trhliny vedouci od zédkladl pfiblizné do stfedu horni
klenby lze nejlépe omezit kratkym rozestupem mezi betondzi
patek a horni klenby. Toho lze docilit vhodné zvolenym postu-
pem praci ve vyrobnim proudu definitivniho osténi. Obecné
doporuceni spocivd v omezeni ¢asového rozestupu betondZe
zdkladu od betondze klenby do 48 hodin. Tim je dosaZeno pfi-
blizné stejného smrstovani v obou c&astech konstrukce. Vo-
dorovné trhliny, které se kratce po odbednéni vétSinou objevu-
ji na ¢dsti nebo celé délce betonovaného bloku, nejsou zpuso-
beny horninovym tlakem. Definitivni osténi se betonuje do
primarntho osténi{ zpravidla za podminky odeznéni jeho defor-
maci, resp. za predem definovaného velmi nizkého ndrastu
deformace v Case. Nejvyznamnéjsi pri¢inou vzniku téchto vo-
dorovnych trhlin je pozdni odbednovéni, kdy je pevnost beto-
nu jiz prili§ vysokd. Podle rakouské smérnice [2] se doporucu-
je odbednovat tunelovd osténi z nevyztuZeného betonu pri
dosaZeni pevnosti betonu v tlaku 1,5 aZ maximdlné 3 MPa, a to
v Case cca 12 hodin po betondZi. Hodnoty odbednovaci pev-
nosti veétsi neZ 3 MPa jsou jiZ ve smérnici oznacovany jako
pripad se zvySenym rizikem vzniku trhlin. Odbednénim kon-
strukce pri nizké pevnosti v tlaku je zaruceno, Ze ,,mlady*
beton odbednovaného bloku vyvodi vlastni vahou v ostén{

Jfoto | photo courtesy of Vlmtr Prajzler
Obr. 5 Ocelovd konstrukce oSetiovaciho ,,klima* vozu
Fig. 5 Steel structure of the temperature conditioned travelling scaffold

For achieving the required appearance of the lining surface
it is necessary to pay attention to preparation of the formwork
surface. The formwork structure must be designed to be suffi-
ciently stiff and watertight. All external vibrators installed on
the formwork must be fixed in a way ensuring that the vibrati-
on is transmitted first of all to the concrete casting area. It is
desirable that the quality of processing all joints in the form-
work skin is high. The most suitable surface material for the
formwork skin is steel. Prior to the casting of concrete, the
formwork must be cleaned up and treated with a suitable sepa-
ration spray, which ensures that the external surface of concre-
te does not adhere to the form and smooth stripping is possib-
le. A separation spray must be applied uniformly in thin layers
on the whole surface and must be chosen with respect to the
necessity of preventing physical or chemical damage to the
concrete surface. An important role is played by the compati-
bility of the separation spray with subsequently applied curing
sprays or coloured and protective coats applied to the already
finished secondary lining.

5.3 Measures regarding transport of concrete mixture
and casting concrete

The overall quality of the lining is influenced by the produc-
tion, transport and placement of concrete behind formwork. If
possible, the temperature of fresh concrete should range from
13°C to 18°C. Fresh concrete for casting the upper vault with
the temperature lower than +10°C and higher than +25°C is
not considered to be suitable for unreinforced concrete linings.
It is therefore necessary to respond flexibly to seasonal fluctu-
ations of temperatures and humidity conditions. Protection
against external climatic effects must be ensured during the
transport of a fresh concrete mixture. In addition, it is neces-
sary to choose suitable concrete workability time taking into
consideration the distance of the batching plant from the con-
struction site and to place concrete on site in time. A rule gene-
rally applicable to pouring concrete mixture behind formwork
is that the maximum concrete casting rate should be 2m/h and
the horizontal spacing of concrete casting gates should not be
greater than 3m. It is necessary to take care of continual supp-
ly of concrete mixture to the construction site so that undesi-
red construction joints are not formed.

5.4 Measures regarding technological procedure and
stripping

The formation of both vertical and horizontal cracks can be
limited by a suitable technological procedure of casting the
concrete. Vertical shrinkage cracks running from the founda-
tion approximately up to the centre of the upper vault can be
best limited by a short time lag between casting of the conc-
rete footings and the upper vault. This can be achieved by
a suitably selected procedure of the work in the streamlined
system of the construction of the final lining. A general
recommendation is reducing the time lag between casting the
concrete footings and casting the tunnel vault so that it does
not exceed 48 hours. This way, an approximately identical
shrinkage is achieved in both parts of the structure. The hori-
zontal cracks which mostly appear on a part or the whole
length of the concrete block shortly after stripping are not
caused by ground pressure. The final lining concrete is atta-
ched to the primary lining usually under the condition of sta-
bilisation of deformations and when a predefined very low
rate of the deformation increase is achieved. The most impor-
tant cause of the origination of the horizontal cracks is delay-
ed stripping, when the concrete strength is already too high.
According to the Austrian directive [2] it is recommended that
unreinforced concrete tunnel linings are stripped when the
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Obr. 6 Nafukovaci manZety a tepelné izolacni pldst’, klima“ vozu
Fig. 6 Inflatable rims and thermally insulating cover of the temperature
conditioned travelling scaffold

dostate¢né velkd tlakovd napéti, kterd prispéji ke v€asnému
uzavfeni vznikajicich trhlin.
5.5 Opatieni pfi oSetfovani po odbednéni

Kazdou betonovou konstrukci je potfeba s ohledem na
vyslednou kvalitu povrchu po odbednéni ndlezité¢ oSetfovat
a pri samotné betondZi zajistit potfebné klimatické podminky.
V tunelu by se méla pri betondZi omezit rychlost proudéni
vzduchu na maximdln€ 1 m/s a vlhkost vzduchu by neméla
klesnout pod 90 %. Vznik trhlin lze vyznamné omezit elimi-
naci teplotniho Soku po odbednéni.

Kromé standardnich opatieni, jako je uzavien{ portélu, sni-
Zeni rychlosti proudéni vzduchu nebo ndstfiku pfipravku proti
vysychani se dspés$né pouzivaji ,.klima“ vozy. Jednd se o dalsi
vuz v celkovém vyrobnim proudu definitivniho osténi, ktery je
nasazen tésn¢ za bednicim vozem. Jeho délka se pohybuje od
dvou do tri délek bloku betondZe, takZe pfi modelovém prikla-
du s betondzi 5 bloku za 7 dnu pfipadd na jeden cyklus cca 34
hodin a kazdy blok je po odbednéni chranén 68 az 102 hodin.
Za tuto dobu odezni vyznamnd ¢4st hydratac¢niho tepla a riziko
vzniku trhlin od prudkého ochlazeni se tfm minimalizuje.

Konstrukce ,,klima* vozu se 1i§{ v zdvislosti na moZnostech
oSetfovani. Ty nejjednodussi se skladaji pouze z ocelové kon-
strukce potazené tepelné izolacni f6lif, kterd udrZuje prirozené
teplo a vlhkost v mezefe mezi Cerstvé odbednénym betonem
a konstrukci ,.klima“ vozu.

Piikladem je vuz pro oSetfovdni betonu (oSetfovaci viz) na
obr. 5 pred portalem ddlni¢niho tunelu Povazsky Chlmec na
délnici D3 u Ziliny na Slovensku. Jedna se o lehkou ocelovou
konstrukci potazenou tepelné izolaéni f6lii. Na obr. 6 je vidét
nafukovaci manzety, které slouzi k utésnéni prostoru mezi
licem osténi a plastém vozu. Délka oSetfovaciho vozu je 25 m,
coz odpovidd délce dvou bloku betondze.

Slozitéjsi ,,klima“ vozy maji do systému privedenou vodu
a vzduch a pomoci rozpraSovacich trysek vytvareji studenou
mlhu, ¢imZ je zajiSténa dostate¢na vlhkost povrchu betonu.
Nejslozitéjsi ,.klima“ vozy jsou plné fizené a Ize na nich regu-
lovat vlhkost i teplotu v mezefe mezi ,.klima*“ vozem a povr-
chem betonu, pripadné aktivné betonovou konstrukci proparo-
vat. Konstrukce ,,klima“ vozu je u téchto typa vétSinou navic
izolovand naptiklad polystyrenovou vrstvou. Veskeré paramet-
ry oSetfovani je mozné nastavit a regulovat podle potreby
v zdvislosti na ménicich se vnéjSich podminkdach. Vzdy by
vSak mélo platit, Ze maximdlni teplota u povrchu zrajici beto-
nové konstrukce by neméla presahovat 45 °C.
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concrete compression strength reaches 1.5 to 3MPa as
a maximum, during ca 12 hours after casting the concrete.
Strength values at stripping higher than 3MPa are indicated in
the directive as a case with increased risk of the formation of
cracks. It is guaranteed by stripping the structure in the
moment when the compressive strength is still low that the
"young" concrete of the block being stripped will induce suf-
ficiently high compressive stresses in the lining through its
own weight, which will contribute to timely closing of origi-
nating cracks.

5.5 Measures regarding curing after stripping

It is necessary to duly cure each concrete structure after
stripping and secure the required climatic conditions during
the concrete casting work with respect to the resultant quality
of the surface. The airflow velocity in the tunnel should be
reduced to Im/s as a maximum and the humidity of air should
not drop under 90%. The formation of cracks can be signifi-
cantly limited by eliminating the thermal shock after stripping
the formwork.

Temperature conditioned travelling scaffolds are successful-
ly used apart from the standard measures, such as closing the
portals, reducing airflow velocity or applying spray against
drying. It is another traveller in the overall final lining produc-
tion flow. It is deployed just behind the travelling form. Its
length ranges from two up to three lengths of the concrete cas-
ting block, which means that in a model example with casting
5 blocks in 7 days ca 34 hours are allotted to one cycle and
each block is protected after stripping for 68 up to 102 hours.
During this time a significant part of hydration heat fades
away, thus the risk of the cracks formation due to rapid cooling
is minimised.

The structure of the temperature conditioned travelling scaf-
fold differs depending on the possibility of curing. The sim-
plest scaffolds consist only of a steel structure covered with
a thermally insulating membrane, which maintains natural
temperature and humidity in the gap between the just stripped
concrete and the scaffold structure.

The concrete curing travelling scaffold standing in front of
the Povazsky Chlmec motorway tunnel on the D3 motorway
near Zilina, Slovakia (see Fig. 5) is presented as an example. It
is a light-weight steel structure covered with a thermally insu-
lating membrane. Inflatable rims serving to seal the space bet-
ween the inner surface of the lining and the cover of the tra-
veller are presented in Fig. 6. The length of the curing scaffold
is 25m, which corresponds to the length of two concrete cas-
ting blocks.

More complex temperature conditioned travelling scaffolds
have water and air brought to the system and create a cold
mist by means of spraying jets. In this way sufficient moistu-
re of the concrete surface is secured. The most complex tem-
perature conditioned travelling scaffolds are fully controlled
and they allow regulating the humidity and temperature in the
gap between the temperature conditioned travelling scaffold
and the concrete surface or, as the case may be, to actively
cure the concrete structure with steam. The temperature con-
ditioned travelling scaffold structure is in the case of these
scaffold types in addition insulated, for example by
a polystyrene layer. All parameters of curing can be set and
regulated as needed, depending on the changing external con-
ditions. Nevertheless, in any case the maximum temperature
at the surface of the curing concrete structure should not
exceed 45°C.
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6. ZAVER

NevyztuZzeny beton md jako materidl definitivniho osténi
konven¢né raZenych tuneld své nezastupitelné misto. Ve vhod-
nych geotechnickych podminkdch predstavuje cestu ke snizo-
van{ investi¢nich ndklada prfi dodrZeni poZzadované kvality.
Jako bonus lze navic povaZovat minimalizaci rizika poSkozeni
mezilehlé izolace, které montdz vyztuze beze sporu predstavu-
je, a iplné vylouceni problému s karbonataci betonu. Zatimco
vznik trhlin a povrchovych nerovnosti nehraje z hlediska udrz-
by a statické funkce vyznamnou roli, je nutno vénovat zvyse-
nou pozornost vyplni vrchliku klenby a pfipadné tvorbé trhlin
v blizkosti pracovnich nebo dilata¢nich spar mezi bloky beto-
naze, které by mohly byt pri¢inou ohroZeni bezpecnosti pro-
vozu.

Stejné jako v pocdtcich NRTM bylo nutné zacit myslet
»jinak®, vyrovnat se s predstavou samonosnosti horninového
masivu a horninu zacit vnimat jako stavebni materidl, tak je
u nevyztuzeného betonu nutné respektovat jeho vlastnosti,
a to predevSim nizkou pevnost v tahu a s tim souvisejici
vznik trhlin. Odli$ny pfistup v mySleni je nutné uplatnit na
vSech stupnich od ndvrhu osténi pres jeho provadéni az po
prejimku dila objednatelem. Projektant musi pfi ndvrhu
zohlednit nelinedrni chovani konstrukce jako celku a po-
soudit existenci trhlin z hlediska funkce osténi, zhotovitel
musi pfizpusobit ndvrh smési betonu, technologicky postup
provddéni i oSetfovdni, investor musi definovat redlné
mozné pozadavky na kvalitu. Jediné€ synergii vSech téchto
slozek muze dojit k ekonomickému ndvrhu konstrukce
a potvrzeni principu NRTM jako observa¢ni metody, ktera
dokaze reagovat na skute¢né zastizené podminky nejen
v oblasti zaji§téni stability vyrubu, ale i v oblasti dimenzo-
vani definitivniho osténi.
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6. CONCLUSION

Unreinforced concrete has its irreplaceable position as
a material for final linings of conventionally driven tunnels. In
suitable geotechnical conditions it represents a way to reduce
investment costs with the required quality maintained. In additi-
on, minimisation of the risk of damaging the intermediate
waterproofing layer, which the placing of reinforcement
undoubtedly is, and the complete exclusion of problems with
concrete carbonation, can be considered as a bonus. Whilst the
formation of cracks and surface irregularities plays no important
role in terms of maintenance and the static function, it is neces-
sary to pay special attention to filling of the top of the vault and
possibly to creation of cracks in the vicinity of construction or
expansion joints between concrete casting blocks, which could
pose a threat to the operation safety.

As in the beginnings of using the NATM when it was neces-
sary to start thinking "outside the box" and to cope with the idea
of the self-supporting capacity of rock mass and begin to perce-
ive ground as a building material, it is necessary to respect pro-
perties of unreinforced concrete, first of all, the low tensile
strength and the formation of cracks associated with it.
A different approach in thinking must be applied in all stages,
from the lining design through the construction up to the takeo-
ver by the client. The designer must take into account the non-
linear behaviour of the structure as a whole and assess the exi-
stence of cracks in terms of the lining function; the contractor
must adapt the concrete mixture design, the technological pro-
cedure for building and curing; the client must define realisti-
cally possible quality requirements. Only through synergy of all
of the above-mentioned components an economic design of the
structure can be reached and the NATM principle can be confir-
med as an observational method capable of responding to the
actually encountered conditions not only in the field of securing
the excavation stability, but also in the solution of final lining.
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NAVRH A REALIZACE REKONSTRUKCE TUNELU SEDLEJOVICE

DESIGN AND REALISATION OF RECONSTRUCTION
OF SEDLEJOVICE TUNNEL

MIROSLAV LIPKA

ABSTRAKT

Sedlejovicky tunel je soucdsti Zelezni¢ni trati 030 Turnov — Liberec, na které v roce 2015 probéhla stavebni obnova nutnd pro
optimalizaci na vys$§i tratovou rychlost. Text seznamuje s technickym reSenim komplexni rekonstrukce jednoho z nejstarsich Zelez-
ni¢nich tunelii na iizemi Ceské republiky. Tunel neni svou délkou 77 m velkym podzemnim dilem, ale vzhledem ke své dlouhé his-
torii byl vystaven kontinudlnimu provoznimu zatiZeni, které se projevilo v zdvaddch na jeho konstrukci. Osténi jednotlivych pdsu
tunelu nebylo zhotoveno najednou, ale postupné, v rozmezi nékolika desetileti druhé poloviny 19. stoleti. Stavitelé v priibéhu
vystavby pouZili riizné stavebni techniky a konstrukéni materidly. K ndvrhu rekonstrukce proto bylo pristoupeno s jistou ddvkou
obezretnosti a invence. Diky zodpovédnému pristupu sprdvce tunelu byla rekonstrukce rozSirena i na oba priportdlové iiseky, které
Jjsou zasazeny v hlubokém skalnim zdrezu. Bylo realizovdno plosné zajisteni skalnich stén primo navazujicich na portdly. Cldnek
prezentuje sanacni opatieni vedouct k zachovdni zajimavého technického dila pro budouci cas.

ABSTRACT

The Sedlejovice tunnel is part of rail track 030 Turnov — Liberec, on which the reconstruction necessary for the optimisation to
higher speed limit on the track was carried out in 2015. The text acquaints readers with the technical solution to the comprehen-
sive reconstruction of one of the oldest railway tunnels in the Czech Republic. The tunnel is not a big underground structure as
far as its length of 77m is concerned, but with respect to its long history, it was exposed to continual operational loading, which
manifested itself in defects of the structure. The lining of individual tunnel blocks was carried out in stages, within several deca-
des in the second half of the 19th century, not in one pass. The builders used various construction techniques and building mate-
rials during the course of the construction. The design of the reconstruction was therefore approached with a certain measure of
caution and invention. Thanks to the responsible approach of the tunnel administrator the reconstruction was extended even to
both pre-portal sections, which are located in a deep rock cutting. The surface of the rock walls directly connecting to the portals
was stabilised. The paper presents the rehabilitation measures leading to the preservation of the interesting technical work for the

future.

uvob

V roce 2015 bylo v Ceské republice uskute¢néno nékolik vel-
kych rekonstrukci daleZitych Zelezni¢nich trati. Jednou z nich
byla i Zelezniéni trat’s oznacenim 030, spojujici mésta Jaromér
a Liberec. Konkrétné tsek mezi mésty Turnovem a Hodkovice-
mi nad Mohelkou v Libereckém kraji. Historie této malebné
Zelezni¢ni spojnice sahd az do poloviny 19. stoleti, kdy na zdkla-
dé Listu povoleni Franti§ka Josefa I. ze dne 15. ervna 1856 byla
povolena vystavba Pardubicko-liberecké severojizni drdhy [2].
Stavba Zeleznice probihala etapové v letech 1857 az 1859. Usek
Turnov — Liberec byl preddn do pravidelného uzivdni jako
posledni v roce 1859. Soucdsti trati je nékolik velice zajimavych
Zelezni¢nich objektu, které se nachdzeji v blizkosti obce Sychrov
a dodnes jsou zivym dikazem neobylejného stavebniho umu
naSich predka.

Nejvyznamnéjsi technickou pamdtkou je Sychrovsky tunel
délky 976 m, vybudovany pod samotnou obci Sychrov. Na néj
navazuje kamenny Sychrovsky Zelezni¢ni viadukt, klenouci se
ve vySce 32 m nad fickou Mohelkou, pobliz obce Radimovice.
Treti a posledni technickou pamétkou je sice nevelky, ale o to
zajimavejsi tunel Sedlejovice. Ten se nachdzi, jak uZz z ndzvu
vyplyvd, v katastru obce Sedlejovice, nedaleko nddherného are-
dlu Sychrovského zdmku. Réz okolniho &lenitého terénu tvori
romantickd ddoli a zdkruty vytvorené ri¢kou Mohelkou, vinouc{
se podél zelezni¢ni trati. Zde prekonava v délce 77 m tunel
Sedlejovice (obr. 1) nevelky, ale strmy skalni hibet. Na zdkladé
pozadavku investora (SZDC s. 0.) byl v rdmci revitalizace Zelez-

Yy

ni¢nf trati na vys§i provozni rychlost zaddn pruzkum a zhotoveni

INTRODUCTION

Several large projects for reconstruction of railway tracks
were realised in 2015. One of them was the railway track mar-
ked as 030 between the towns of Turnov, connecting the town
of Jaroméf with the town of Liberec. Concretely the section
between the towns of Turnov and Hodkovice Nad Mohelkou in
the region of Liberec. The history of this picturesque railway
reaches back to the half of the 19th century, when the develop-
ment of the Pardubice — Liberec North-Southern connection
railway line was permitted on the basis of the Franz Joseph
Approval Sheet dated the 15th June 1856 [2]. The construction
of the railway proceeded at stages from 1857 to 1859. The
Turnov — Liberec section was brought into regular service as
the last one in 1859. Several very interesting railway structures
are parts of the track. They are located near the municipality of
Sychrov and are living proofs of the extraordinary building
skills of our predecessors.

The most important technical monument is the 976m long
Sychrov tunnel, which was built under the village of Sychrov
itself. The Sychrov railway viaduct arching at the height of
32m above the little river of Mohelka near the village of
Radimovice, links to it. The third and last technical monument
is the, on the one hand not large but, on the other hand, even
more interesting Sedlejovice tunnel. It is located, as it follows
from the name, in the cadastral district of the municipality of
Sedlejovice, near the beautiful grounds of Sychrov castle. The
character of the surrounding undulated terrain is formed by
romantic valleys and meanders created by the little river of
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projektové dokumentace k rekonstrukci
tunelu (obr. 2). Technicky pasport tunelu
a vypracovani projektové dokumentace pro- N
vedl tym firmy AMBERG Engineering Brno, i
a.s.

ZAKLADNI UDAJE

Stavebné-technické parametry tunelu
Nosnou konstrukci tvori Sest tunelovych
pésu oznacenych TP1 a7 TP6 v&etné obou A

portdlovych dsekl. Zajimavosti je, Ze viech -

Sest pdsu nebylo v dobé vystavby zhotoveno \
soucasné, ale jen Ctyfi z nich. Vybudovany \
tak byly oba portdlové pasy TP1 a TP6

. Radostin T
a vnitini pasy TP4 a TP5. Pro tunelové oste- ot ¢—‘

ni postavené v této prvni fazi bylo pouzito

vice druht kamene. K vyzdén{ vénce a &elni
portalové stény turnovského vjezdového
portdlu bylo uZito masivnich piskovcovych
kvddra a taktéz piskovcového fadkového
zdiva. Vrchni ¢dst portdlu je zakonend stupnovité a osazend
kryci kamennou deskou. Vyjezdovy liberecky portdl je zasazeny
primo do skalniho masivu a je opatfeny jen piskovcovym kvad-
rovym véncem. Konstrukce opér vnitfnich tunelovych pésu jsou
zhotoveny z hrubého fddkového zdiva z Zulovych kopdku a pis-
kovcovych kvadra. Pro nékteré &dsti opér byla pravdépodobné
vyuZita opukovd rubanina z razby tunelu, ndsledné upravend do
podoby hrubého kyklopského zdiva. Podle ziskanych archivnich
podklada byla sila osténi uvaZzovdna 50 cm. Klenby ve vSech
tunelovych pdsech provedenych z kamene jsou z fadkového pis-
kovcového zdiva.

V roce 1894 byly dodatecné zhotoveny i zbyvajici dva pasy
TP2 a TP3. Technologie zde vSak byla odliSna a stavitelé pouZi-
li misto kamenného zdivo cihelné. Jednalo se o tzv. ,,zvonivky®,
zndmé i jako ,.klinkry“. Tyto pdsy byly ve vrcholu klenby uza-
vieny piskovcovymi klenaky.

S ohledem na nevelkou délku nemd Sedlejovicky tunel Zddné
zdchranné vyklenky ani ventiladni prvky. Vétrani je pfirozené.

Geologické a hydrogeologické poméry

Sedlejovicky tunel je vyrazen v opuce, kterd je vodorovné
lavicovité zvrstvend. Odhadovand maximdlni vyska nadloZi je
36 m.

Podle ziskanych archivnich podkladi je nadloZi jen mirné
vodonosné. Horninovy masiv obsahuje minimum podzemni

Obr. 2 Pohled na vychodni vyjezdovy portdl Sedlejovického tunelu
Fig. 2 A view of the eastern exit portal of the Sedlejovice tunnel

Obr. 1 Situace tunelu Sedlejovice
Fig. 1 Sedlejovice tunnel layout

Mohelka flowing along the rail track. Here the track overcomes
a not big but steep rock ridge passing through the 77m long
Sedlejovice tunnel (see Fig. 1). The survey and preparation of
design documentation for the tunnel reconstruction was orde-
red on the basis of project owner’s requirement (the Railway
Infrastructure Administration, state organisation) (see Fig. 2).
The report of the technical condition of the tunnel and the
design documents were carried out by a team employed by
AMBERG Engineering Brno, a.s.

BASIC DATA

Structural and technical parameters of the tunnel

The tunnel structure is formed by six tunnel blocks marked as
TP1 through to TP6, including both portal sections. An interes-
ting fact is that not all six blocks were carried out concurrently
during the construction, but only four of them. Both portal
blocks TP1 and TP6 and internal blocks TP4 and TP5 were
built. Several stone types were used for the tunnel lining built
in this first phase. Massive sandstone blocks and coursed sand-
stone masonry were used for the collar and the portal front end
wall of the Turnov entrance portal. The upper part of the portal
is terminated in a stepped way and a stone slab is laid on it. The
Liberec exit portal is set directly into the rock massif and is
provided only with a sandstone ashlar collar. The structure of
sidewalls of the internal tunnel blocks is made from visible
coursed masonry using granite and sandstone blocks.
Cretaceous marble muck from the tunnel excavation, subsequ-
ently treated to get the look of cyclopean masonry, was pro-
bably used for some parts of the sidewalls. According to the
archive documents obtained, the lining thickness of 50cm was
assumed. The vaults in all stone tunnel blocks are from coursed
sandstone masonry.

The remaining two lining blocks TP2 and TP3 were additio-
nally carried out in 1894. In this case the construction techni-
que was different. Instead of stone the builders used brick
masonry. The so-called clinker bricks were used. These lining
blocks were closed by sandstone keys.

With respect to the small length, the Sedlejovice tunnel has
neither safety recesses nor ventilation elements. The ventilati-
on system is natural.

Geological and hydrogeological conditions
The Sedlejovice tunnel was driven through horizontally stra-
tified cretaceous marble tables. The overburden height is esti-

mated to be 36m.
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Obr. 3 Kopand sonda do kamenného osténi tunelu Sedlejovice a méreni
hloubky volného prostoru za obezdivkou

Fig. 3 A trial hole into the stone masonry of the Sedlejovice tunnel and mea-
suring the free space behind the lining

vody a jeji mnoZzstvi je zdvislé na vydatnosti atmosférickych sra-
zek. Podzemni voda je vdzand pouze na systém vodorovnych
a svislych puklin. Ty jsou rozevieny az do decimetrovych §irek.
Kolem takovychto puklin dochdzi vlivem stfidani ro¢nich obdo-
bi k zna¢né degradaci masivu a ndslednému odpaddvani bloku
kamene velikosti do 1 m ze stén u obou portdla. Dal$im potenci-
dlné vodonosnym prvkem byla shleddna mald prohluben na
povrchu, kterd se nachdzi priblizné uprostred délky tunelové
trouby. V dusledku vydatnych deStovych a snéhovych srdzek
muZe v této terénni depresi dochdzet k akumulaci vody. Ta muZe
proudénim pres systém trhlin proniknout do tunelu.

Skaln{ svahy zafezu u vjezdového a vyjezdového portélu jsou
strmé a pred rekonstrukci byly pokryty hustou ndletovou vegeta-
ci. Povrchovd degradace horniny se pohybovala fadové do
hloubky od nékolika centimetrt a7 po maximdlné niZz§i decimet-
ry. VEtsi degradaci masivu v bezprostredni blizkosti portdlu bylo
zabranéno pravidelné provadénou ddrzbou. Pred vjezdovym por-
tdlem v paté zdrezu byl zaznamendn drobny sesuv zeminy, suti
a organického materidlu, zasahujici az do prujezdného profilu
tunelu.

PASPORTIZACE POSKOZENI KONSTRUKCE TUNELU

V rdmci predprojektové pripravy provedl tym firmy
AMBERG Engineering Brno, a.s. na tunelu Sedlejovice terénni
pruzkum s podrobnym zdznamem zjist€nych $kod. Zdznam byl
proveden pro osténi vnitfni ¢4sti tunelu, na obou portdlech
a priléhajicich skalnich zarezech. Nasledné byly veskeré zjisténé
informace digitdlné zpracovany v softwaru Autocad. Jako pod-
klad pro zpracovani dat poslouzil Drazni predpis CD S6.
Vzhledem k tomu, Ze tunel Sedlejovice dosahuje délky jen 77 m,
nebyla nasazena pojizdnd kolejovd jednotka vybavend scanne-
rem pro zdznam jednotlivych posSkozeni vyuZivajici softwaru
TunnelMap. Soucasti pasportu byla fotodokumentace interiéru
a exteriéru tunelu.

Pro dil¢i predstavu rozsahu a hloubky degradace osténi tunelu
byly obycejnym kladivem provedeny v obou priportdlovych
pasech kopané sondy (obr. 3).

Stavebné-technicky stav - rozsah poskozeni

Na zdpadnim vjezdovém portdlu byla identifikovdna trhlina
tloustky 1 az 2 cm, vznikld v dasledku odtrzeni portdlového
limce od pdsu TPI1. Trhlina jiz byla v minulosti sanovédna pre-
sparovanim, ale do$lo k jejimu ope€tovnému prokopirovani.
Obdobné poskozeni, ale vétSiho rozsahu, bylo zastizeno na
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According to the archive documents obtained the overburden
is moderately water-bearing. The ground massif contains
a minimum of groundwater and its amount depends on the
amount of atmospheric precipitation. Groundwater is bound
only to the system of horizontal and vertical fissures. The fis-
sures are open up to decimetre widths. The rock mass is signi-
ficantly degraded around such fissures due to the alteration of
seasons. Stone blocks up to Im subsequently slide down from
the walls at both portals. A small depression in the surface loca-
ted approximately in the middle of the tunnel tube length was
found to be another potentially water-bearing element. Water
may accumulate in this terrain depression as a result of heavy
rainfall and snowfall. Water may penetrate to the tunnel
through the system of cracks.

The rock slopes of the cuttings at the entrance and exit por-
tals are steep and were covered with dense naturally spread
vegetation. The ground surface degradation reached to the
depth in the order of several centimetres, up to a maximum of
lower decimetres. Greater degradation of the massif in the
immediate proximity to the portal was prevented by regular
maintenance. Minor sliding of soil, debris and organic material
extending up to the traffic clearance of the tunnel was registe-
red in front of the entrance portal.

TUNNEL STRUCTURE CONDITION SURVEY

AMBERG Engineering Brno, a.s. carried out a terrain survey
within the framework of the pre-design preparation, with detai-
led recording of the identified defects. The record was carried
out for the lining of the inner part of the tunnel, at both portals
and the adjacent rock cuttings. All the information obtained
was subsequently processed digitally in the Autocad software.
The Railway Directive CD S6 was used as the source for the
processing of data. The movable rail unit equipped with
a scanner using the TunnelMap software for recording indivi-
dual defects was not deployed with respect to the fact that the
Sedlejovice tunnel is only 77m long. Photodocumentation of
the tunnel interior and exterior was part of the survey report.

Trial holes were dug in both portal blocks using a hand-held
pick hammer to allow for developing a partial idea of the extent
and depth of tunnel lining degradation (see Fig. 3).

Structural-technical condition - the damage extent

A crack 1 to 2cm wide developed as a result of tearing the
portal collar from the block TP1which was identified at the
western entrance portal. The crack was repaired already in the
past by repointing, but it repeatedly copied itself to the surface.
Similar damage, but to a greater extent, was encountered at the
exit portal TP6. A pronounced 1.5cm wide crack running across
the whole vault was registered in this location. The other crack
was not so prominent. It was located on the right-hand upper
part of the eastern exit portal TP6 and its length reached ca
4.5m.

The inner masonry lining of the tunnel blocks (probably from
the tunnel muck) is heavily degraded. The lining was disturbed
by three main factors. The first factor lies in the common whet-
her effects acting on exposed structures. The other factor lies in
the degradation due to the operation of steam locomotives in
the past and Diesel engines today. Locomotive emissions sett-
led on the lining and accelerated the stone disintegration. The
corrosive effect of SOz acts on the lining material (stone, mor-
tar binder), which turns to HoSO4 under the influence of mois-
ture and atmospheric Oz. The third of the factors of the poor
condition of the stone masonry lining was the process of repo-
inting the masonry with cementitious pointing mass instead of
the originally used lime mortar. In the trial holes the structural
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portalu vyjezdovém TP6. Zde byla zaznamendna vyrazna trhlina
Sitky 1,5 cm, prochdzejici pres celou klenbu. Dalsi trhlina nebyla
tak markantni, nachazela se na pravé horni Casti vychodniho
vyjezdového portdlu TP6 a dosahovala délky cca 4,5 m.

Vnitini ostén{ tunelovych pdsa z kamenného zdiva (pravdépo-
dobné z rubaniny tunelu) je silné degradované. Naruseni ostén{
zpusobily tii hlavni faktory. Prvnim faktorem jsou béZné povétr-
nostni vlivy, pusobici na oteviené exponované stavby. Druhym
faktorem je degradace vlivem provozu, v minulosti parnich
a v soucasné dobé dieselovych hnacich jednotek. Exhalace loko-
motiv se usazovaly na osténi a urychlovaly rozklad kamene. Na
materidl osténi (kdmen a maltové pojivo) pusobi korozni G¢inek
SO,, ktery se vlivem vlhkosti a vzdu$sného O, méni na H,SO,.
Tretim z faktort $patného stavu kamenného ostén{ bylo prespa-
rovéani puvodné pouzité vapenné malty cementovou sparovaci
hmotou. V provedenych kopanych sonddch byl kdmen osténi tak
slabé struktury, Ze se pod udery kladiva doslova rozsypal.
Predstavoval prakticky jiZ jen kfehkou slupku, kryjici dutinu
vyplnénou zcela rozloZenym horninovym materidlem, v ptipadé
vy$si vlhkosti az kaSovité konzistence. Osténim se dalo u obou
sond proniknout velice snadno a7 do hloubky cca 45 cm. Pri
predpokladané tloustce osténi 50 cm byl tudiZ stav konstrukce
naprosto havarijni. Za zminku stoji, Ze degradace zdiva byla
zaznamendna jiz v pdsovych listech z roku 1949.

Tunelové pasy TP2 a TP3 z cihelného zdiva byly postaveny
cca 35 let po vybudovani pdsu ze zdiva kamenného. Nen{ zndmo,
pro¢ byl zvolen pravé tento postup a osténi nebylo zfizeno sou-
Casn€. Na kone¢ny nédvrh rekonstrukce to v8ak nemélo zdsadni
vliv. Cihly ,,zvonivky* (,,klinkry“) byly také povrchové degra-
dovany, v tomto prfipadé do hloubky mezi 15 az 30 mm.
Poskozeni bylo konstatovdno na 70 % plochy klenby a 30 % plo-
chy opér obou predmétnych tunelovych pdsu. Spary mezi cihla-
mi vykazovaly jen maly stupen zvétrdni.

Zdivo obou portdlovych limecu bylo degradovéno vlivem pové-
trnosti a také ndletovymi rostlinami v ¢dste¢né nevyplnénych
spdrach kamenného zdiva. Dochdzelo k odprysku kamenného
obkladu a zvétrdvéani vypliiového materidlu. V prabéhu let byly
nékteré odpryskané plochy nahrazeny provizornimi betonovymi
plombami nevalné kvality. Nadportdlovy prikop zdpadniho vjez-
dového portdlu byl zcela zanesen bahnem a zarostly ndlety. Oba
odvodnovace vyustujici pfes portdlovy limec byly ucpané usaze-
nym organickym materidlem, a tudiZ neplnily svou funkci. Pét
kamennych krycich desek nad vjezdovym portdlem bylo povr-
chové degradovdno a uvolnéno v dusledku vydroleni spojovaci-
ho materidlu.

Skalni stény nad obéma portély a v predzarezech vykazovaly
znaény stupen zvétrani. Materidl odpadavajici ze skalniho masi-
vu se postupné hromadil kolem Zelezni¢ni trati a vytvarel sutové
kuzely vysky priblizn€ 2 m, v nékterych pfipadech zasahujici do
prujezdného profilu traté.

Na zdklade informaci o rozsahu poskozeni a celkovém staveb-
né-technickém stavu konstrukce tunelu Sedlejovice se pristoupi-
lo k ndvrhu rekonstrukénich praci. Ndvrh byl prabézné konzul-
tovan se zastupci Spravy udrzby Zeleznicnich cest Libereckého
kraje, ktefi pozadovali provést navrh rekonstrukce tak, aby byla
zajisténa co nejdelsi moznd bezddrzbovost dané konstrukce.

NAVRH REKONSTRUKCE TUNELU
A SOUVISEJICICH OBJEKTU

Stavebni prdce na revitalizaci tunelu Sedlejovice 1ze rozdélit do
tif hlavnich stavebnich objektd. Nejvétsi objem si vyZzddala
vyména kamenného zdiva opér v pasech TP1, TP4 a TP6. Druhou
polozkou bylo zajisténi a zaliSténi skalnich zdfez nad a pred
obéma portaly vletné zajisténi statiky obou portdlovych limcu.
Treti a posledni faze rekonstrukce se sklddala ze sanaCnich

lining stone was so weak that it literally crumbled away under
hammer blows. It was only a brittle skin covering a cavity fil-
led with completely decomposed rock material, even with up to
mushy consistence in the case of higher moisture. The lining
could be very easily penetrated up to the depth of ca 45cm in
both holes. It means that the condition of the structure was
absolutely critical taking into consideration the assumed lining
thickness of 50cm. Worth mentioning is the fact that the mason-
ry degradation was recorded already in tunnel block sheets
from 1949.

The tunnel lining brickwork blocks TP2 and TP3were built
ca 35 years after the completion of the stone masonry lining. It
is not known why just this procedure was chosen and the lining
was not built at the same time. Nevertheless, it did not have any
substantial influence on the final design of the reconstruction.
The surface of the clinker bricks was also degraded, in this case
up to the depth of 15 to 30mm. The damage was identified on
70% of the vault surface area and 30% of the surface area of the
sidewalls of both tunnel blocks in question. Joints between
bricks exhibited only a small degree of weathering.

The masonry of both portal collars was degraded due to
atmospheric effects and the naturally spread vegetation in only
partially filled stone masonry joints. Flaking of the masonry
facing surface and weathering of the filling material happened.
Over the years some flaking surfaces were replaced with poor
quality temporary concrete filling. The ditch above the western
entrance portal was completely filled with mud and covered
with naturally spread vegetation. Both drains running over the
portal collar were plugged by organic sediments, therefore they
did not fulfil their function. The surface of five covering stone
slabs above the entrance portal was degraded and the slabs
were loosened as a result of chipping the bonding material out.

The rock walls above both portals and in the pre-portal cut-
tings exhibited a significant degree of weathering. The materi-
al falling down from the rock massif gradually piled up along
the rail track and created debris cones approximately 2m high,
which, in some cases, extended to the clearance profile of the
track.

The work on the proposal for the reconstruction commenced
on the basis of the information about the extent of the damage
and the overall structural technical condition of the Sedlejovice
tunnel structure. The proposal was continually consulted with
representatives of the Administration of Rail Route
Maintenance of the region of Liberec, who required that the
proposal was carried out in a way securing an as long mainte-
nance free period as possible for the structure.

TUNNEL AND RELATED STRUCTURES
RECONSTRUCTION PROPOSAL

The construction work on the revitalisation of the
Sedlejovice tunnel can be divided into three main construction
objects. The largest volume required the replacement of the
stone masonry of the side walls in blocks TP1, TP4 and TP6.
The second item was the stabilisation and cleaning of rock cut-
tings above and in front of both portals, including the stabilisa-
tion of both portal collars. The third and last phase of the recon-
struction comprised rehabilitation and conservation interventi-
ons designed to protect the structure against the impact of com-
mon operation and weather.

Replacement of the lining

The technical condition of the sidewalls in the tunnel blocks
marked as TP1, TP4 and TP6 reached the stage at which the
overall replacement of the degraded masonry was the only opti-
on. The cretaceous marble lining of the tunnel was already
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Obr. 4 Déleni stdvajiciho osteni na pruhy §irky 1,4 m pomoci vertikdlni pri-
loZné diamantové kotoucové pily

Fig. 4 Dividing the existing lining into blocks 1.4m wide by means of
a vertical diamond slitting saw

a konzervac¢nich zdsahu, které maji konstrukci ochrénit pred vli-
vem bézného provozu a pocasi.
Vyména osténi

Technicky stav opér v tunelovych pdsech oznaCenych TPI,
TP4 a TP6 dospél do stadia, kdy jedinou mozZnosti byla celkova
vyména degradovaného zdiva. Opukova obezdivka tunelu byla
jiZz za hranici své Zivotnosti a bylo potfeba okamzité jednat.
Rozpocet stavby vSak nebyl na tuto situaci pripraven a bylo
proto nutné najit feSeni, které nebude vyZadovat sneseni osténi.
Projektant proto jako vychodisko zvolil postupné nahrazeni
poskozeného zdiva konstrukei z prostého betonu v pasech maxi-
malni $itky 1,4 m. Uhrnna délka zdiva, které bylo ve vsSech
pasech nutné vymeénit, ¢inila 54,4 m.

Postup vymény opér tunelu byl nasledujici: V prvni fazi zho-
tovitel prikotvil stavajici klenbu v paté. To bylo uskute¢néno
pomoci samozavrtnych kotev R25 & 25 mm, vrtanych v rozteci
po 1 m. V hlavdch kotev byl zfizen rozndSeci prah z ocelovych
profila U240. Kotvy byly pro lepsi stabilitni G¢inek smérové
vystiidany s odklonem = 5° od kolmice ke klenbé.

V nésledujicich krocich muselo byt dusledné dodrzovano pra-
vidlo, Ze mezi vybourdvanymi pdsy zdiva byly ponechdny mini-
mdlné dva péasy puvodniho osténi. Pokud to postup praci neu-
moznoval, musely byt mezi vybourdvanymi dseky jizZ minimalné
dva pésy zabetonované, a to s minimélné 50% pevnosti betonu.

Rozdé€leni osténi tunelu na pozadované dily $itky do 1.4 m
bylo provedeno diamantovymi kotou¢ovymi pilami, uchycenymi
na osténi do pojizdné listy (obr. 4). Hloubka zédfezu musela byt
minimalné 0,5 m tak, aby byl zaji$tén prunik fezu osténim v Sifce
odhadnuté na zdkladé provedené sondy.

Vyjimku tvorily pouze tseky u portdlovych limcu. Ty bylo
nutné rozebrat ru¢né, aby nedoslo k poskozeni kamenu. Stabilita
volné délky limce portdlu byla dodatecné zajiSténa tyCovymi
kotvami R25 & 25 mm, vrtanymi do boku opéfi. Hloubku
a zpusob zaloZeni bouraného ostén{ se projektantovi nepodafilo
z archivni projektové dokumentace zjistit. Proto bylo nutné po
odbourdni stavajici opéry posoudit kazdou zdkladovou sparu
individudlné za tucasti autorského dozoru a TDI (technického
dozoru investora). Bylo nezbytné zajistit hloubku nového osténi
z prostého betonu minimélné 0,5 m pod horni hranu drdzni stez-
ky nebo na dnosném podloZi. DuleZitou technologickou zdsadou,
platnou pro zhotovitele, bylo zamezeni vypaddvani zaklddky
zpoza klenby nad bouranou &asti opér. I kdyz se zhotovitel tento
pokyn snazil dusledné dodrzovat, byl stav zakladky za osténim
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beyond its useful life and it was immediately necessary to act.
But the construction budget was not prepared for this situation.
It was therefore necessary to find a solution which would not
require the removal of the lining. For that reason the designer
proposed, as a resort, the gradual replacement of damaged
masonry with unreinforced concrete in blocks 1.4m wide as
a maximum. The aggregate length of the masonry which had to
be replaced in all blocks amounted to 54.4m.

The following procedure for replacing the tunnel sidewalls
was designed: During the first phase the contractor fixed the
existing vault at the springing with anchors. Self-drilling
anchors R25 & 25mm drilled at 1m spacing were used. A load-
spreading beam from U240 steel sections was carried out at
the heads of the anchors. The directions of the anchors were
staggered with the deviation from the perpendicular to the
vault of + 5°.

In the subsequent steps the rule had to be strictly adhered to
that two blocks of the original lining as a minimum had to be
left between the blocks being broken out. When the work
advance did not allow it, two blocks with concrete lining had to
be finished between the sections being broken out as
a minimum, with the minimum concrete strength of 50%.

The division of the tunnel lining into the required blocks up
to 1.4m wide was carried out using diamond slitting saws fixed
to the lining on a movable rail (see Fig. 4). The slit had to be
0.5m deep as a minimum so that the penetration of the cut
through the lining with the thickness estimated according to the
trial holes was guaranteed.

Only the sections at the portal collars were exceptions. The
collars had to be dismantled manually to prevent damaging of
the stones. The stability of the umsupported length of the por-
tal collar was sufficiently provided by R25 & 25mm rod
anchors drilled into the side of the bench. The designer did
not manage to determine the depth and system of foundation
of the lining to be broken out from archive design documents.
For that reason it was necessary to assess each foundation
base individually by the consulting engineer’s supervisor and
client’s supervising engineer after the sidewall was broken
out. It was necessary to ensure the depth of the new unrein-
forced concrete lining to be at least 0.5m under the upper
edge of the railway inspection path or when good bearing
ground was freached. Preventing falling of the packing from
behind the lining above the part of the sidewall being broken
out was an important technological rule. Despite the fact that
the contractor tried to adhere to this instruction, the conditi-
on of the packing behind the tunnel lining was so poor that
the packing fell spontaneously (see Fig. 5). Despite this fact
the course of this technological phase got along without more
serious problems and no additional stabilisation measures
were necessary.

The construction of the replacement lining started immedia-
tely after the old lining had been broken out. The drainage layer
was carried out subsequently. In this case the designer chose,
on the basis of client’s approval, an innovative procedure using
bales of straw instead of today commonly used plastic mem-
brane drainage. This procedure was chosen on the basis of the
lack of information about the thickness of the space between
the tunnel lining and the surface of the excavated opening.
Even the significant unevenness of the excavated opening sur-
face and the difficulty of the application of usual plastic mem-
brane drainage to the uneven surface were taken into conside-
ration.

After removing the lining, the instable part of the packing got
in the majority of cases loose. It was removed up to the more con-
sistent layer. Holes for concrete reinforcement bars were bored
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tunelu takovy, 7e samovolné vypadavala (obr. 5). I pfesto se pru-
béh této technologické fize obesel bez zdsadnéjSich problému
s tim, Ze nebylo nutné provadét dodate¢nd sanaéni opatreni.

Vystavba ndhradniho osténi byla zapocata bezprostredné po
vybourdni starého osténi. Ndasledné byla zhotovena drenazni
vrstva. Zde projektant zvolil na zdkladeé souhlasu investora ino-
vativni postup a misto dnes bézné pouzivanych féliovych izola-
ci pouZzil jako drendZni materidl balikovanou sldmu. Tento
postup byl zvolen na zdkladé nedostatku informaci o velikosti
prostoru mezi osténim tunelu a vyrubem. Zohlednéna byla také
zna¢nd nerovnost vyrubu, a tudiZ obtizné provadéni obvyklé
féliové drenaze na nerovny povrch.

Po odstranén{ ostén{ doslo ve vétsiné piipadu k uvolnéni nesta-
bilnich ¢asti zakladky. Ta byla odebrana aZ do konzistentnéjsi
vrstvy. Do ni byly navrtiny v predepsaném rastru ocelové trny
z betonarské vyztuze a na né byla natknuta slama. Dochézelo
vSak k tomu, Ze se napichnuté baliky sldmy neudrZely pohroma-
dé. Rozsypaly se a nebylo moZné na né umistit separacni vrstvu
z geotextilie.

Zhotovitel si vypomohl dodate¢nym pfitiZzenim a zpevnénim
bloku sldmy ocelovymi KARI sit€émi (obr. 6). Predpoklddana
tloustka drendzni vrstvy byla 300 mm, ale vzhledem ke zna¢nym
nerovnostem vyrubu vychdzela drendzni vrstva od 200 do
600 mm. Ukdzala se tak vyhodnost slamy jako materidlu dobfe
formovatelného natlaCenim do vzniklych dutin. Spotfeba slamy
byla v nékterych pripadech zna¢nd, protoZe se predem nevédelo,
jak se bude pri instalaci tento prirodni materidl chovat. Drenaz
byla posléze opatiena separa¢ni geotextilii 500 g/m? jako ochra-
nou pri navazujici betondzi.

Do jednostranného bednéni, provedeného zhotovitelem podle
aktudlni potfeby pfimo na staveni$ti, byl ukladan beton tfidy
C25/30 XC2 XF1 (obr. 7). Navrh rekonstrukce puvodné podital

Obr. 6 Sldmovd drendzZni vrstva s vyztuznou a pridrinou KARI siti
Fig. 6 Straw drainage layer with the reinforcing and holding KARI mesh

- b T ik 1
Obr. 5 VyFiznuty pruh osténi a odhalend zdkladovd spdra v tunelovém pdsu
¢. TP6
Fig.5 Cut out block of lining and exposed foundation base in tunnel block TP6

into it at the prescribed grid spacing and straw was impaled on
them. However, it sometime happened that the impaled bales of
straw did not keep together. They fell apart and it was impossible
to apply the separation geotextile layer to them. .

The contractor helped by additional surcharging and strengt-
hening the bales of straw with KARI welded mesh (see Fig. 6).
The assumed thickness of the drainage layer was 300mm, but
it ranged from 200mm to 600mm with respect to the signifi-
cant unevenness of the excavation surface. The favourableness
of straw as a material easily formable into the cavities turned
out in this way. The consumption of straw was high in some
cases because it was not known in advance how this natural
material would behave during the installation. The drainage was

Obr. 7 Dokondend novd betonovd opéra v Fezu; zprava: drendzni vrstva slamy,
separacni geotextilie 500 g/m? a opéra z prostého betonu C 25/30 XC2 XF1
Fig. 7 Completed new straw drainage layer, 500g/m? separation geotextile and
the unreinforced concrete sidewall
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Obr. 8 Nové betonované pruhy osténi, priloZné bednéni se vzpérami, hotovd
betonovd opéra po odbednéni v pdasu ¢é. TP6

Fig. 8 Newly cast concrete blocks of the lining, straight panel formwork with
braces, completed concrete sidewall after stripping of the formwork in TP6
block

s rovnym priloZznym bednénim. Zhotovitel v§ak dokdzal vyrobit
bednéni kopirujici puvodni tvar osténi. Vysledny profil nové
opéry potom licoval s ponechanou puvodni obezdivkou a byl
tak zachovan dfivéjsi charakter tunelu (obr. 8 a 9). Vodorovnd
pracovni spdra mezi novym osténim a puvodni klenbou tunelu
byla nejdfive druhy den po betondZi vyplnéna injektdzni hmo-
tou. Tim se zajistilo statické spoluptisobeni mezi starou a novou

obezdivkou.

Zajisténi skalnich stén v predzafezech
a pfikotvenych do portalu

Oba portély tunelu Sedlejovice jsou zfizeny v opuce. Tato hor-
nina md znacnou tendenci zvétravat. Pfi zanedbdni ddrzby proto
dochdzi k astému opaddvéni dlomku horniny do prostoru kole-
jisté. Proto bylo rozhodnuto o celoplo$ném zajisténi skalnich
stén pomoci dvouzavitovych draténych siti Maccafferi (obr. 10).
Navrhovand minimdlni tahovd pevnost musela dosahovat
89 kN/m. Sit¢ byly opatfeny protikorozni ochranou. Pfichyceni
bylo provedeno samozavrtnymi tyCovymi svorniky typu R32
v rastru 2x2 m. Ten byl upravovan v povoleném rozsahu podle
aktudlnich podminek na stavbé. Predepsana minimalni délka
kotev byla stanovena 3 m. Skute¢nd délka byla upravovdna na
zdkladé hloubky rozpukéni skalniho masivu a sméru a rozevieni
puklin. Pfed zaCdtkem osazovani siti musel byt zarez zbaven
veskerych néletovych drevin a nasledné mechanickym dolamo-
vanim odstranény uvolnéné ¢asti horniny. Projekt predpokladal
degradaci horniny do hloubky i nékolika decimetra. Realita byla
takovd, Ze skuteny stav opuky byl vyrazné lepsi. Pred poloZe-
nim siti byly zaplombovany zejici pukliny ve skalnim masivu.

U vyjezdového portdlu byla zaznamendna staticky vyznamna
trhlina. Navrh jeji sanace spocival v prikotveni portdlu ke klen-
bé tunelu pomoci kompozitnich tyovych svorniki R25
@ 25 mm, délky 3 m v rozteci 1,5 m po obvodu klenby. Trhliny
u vjezdového portdlu nebyly sice staticky vyznamné, nicméné
k jejich sanaci bylo pristoupeno stejné odpoveédné. Kamenné
zdivo klenby porusené trhlinami priblizné 4,5 m od okraje vjez-
dového portdlu bylo opraveno pomoci prutu vyztuZze HeliBar
systému HELIFIX. Vyztuhy zde byly vkladany do predem vyfré-
zovanych drdzek, kdyZ hloubka drdazky byla 60 mm a jeji §itka
15 mm. Po vyfrézovéni bylo nutno drdzku dukladné vy¢istit stla-
Cenym vzduchem od prachovych Cdstic a zbavit ji dlomka.
Minimdln{ kryti prutd vyztuze HeliBar systému HELIFIX od lice
osténi bylo 35 mm. Vyztuhy se do drdzek vlepovaly pomoci
vysokopevnostni tixotropni cementové malty HeliBond.
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subsequently covered with a 500g/m? separation geotextile pro-
viding protection during the subsequent casting of concrete.

Concrete C25/30 XC2 XFlwas poured behind single-sided
formwork carried out by the contractor according to the current
need directly on the construction site (see Fig. 7). The recon-
struction design originally counted with straight panel wall
formwork. But the contractor managed to produce his own
formwork copying the original geometry of the lining. The
resultant profile of the new sidewall mated with the original
lining which was left in place, therefore the former character of
the tunnel was preserved (see Figures 8 and 9). The horizontal
construction joint between the new lining and the original tun-
nel vault was first filled with injection grout the day after the
casting of concrete. In this way the composite action between
the old and new linings was secured.

Stabilisation of rock walls in pre-cuttings
and tying portal walls together

Both portals of the Sedlejovice tunnel were carried out in cre-
taceous marble. This rock has a significant tendency to weat-
hering. For that reason frequent falling of rock fragments to the
rail track space occurs if maintenance is neglected. The decisi-
on was therefore made to stabilise the whole surface of the rock
walls with Maccafferi double twisted wire mesh (see Fig. 10).
The proposed minimum tensile strength had to achieve
89kN/m. The mesh was provided with corrosion protection. It
was fixed by R32x5mm selfdrilling rod anchors installed on
2x2m grid. The grid was modified within a permitted scope
depending on actual conditions on site. The prescribed mini-
mum length of anchors was 3m. The actual length was adjusted
on the basis of the depth of the rock mass fracturing and the
trend and aperture of cracks. All naturally seeded tree species
had to be removed from the cutting prior to the commencement
of the mesh installation and loosened parts of the rock had to be
removed by mechanical scaling prior to the commencement of
the mesh installation. The design assumed the degradation of
rock to reach even up to the depth of decimetres. The reality
was that the actual condition of cretaceous marble was signifi-
cantly better. Open cracks in the rock mass were filled prior to
placing the mesh.

A statically significant crack was registered at the exit portal.
The proposal for its treatment lied in fixing the portal to the
tunnel vault with anchors using 3m long composite R25
& 25mm rod anchors installed at 1.5m spacing around the vault
circumference. The cracks at the entrance portal were not stati-
cally significant. Nevertheless, their treatment was approached
with the same weight. The stone masonry of the vault disturbed
by cracks approximately 4.5m from the entrance portal edge
was repaired using HELIFIX system HeliBar reinforcement.
The stiffeners were inserted into 60mm deep and 15mm wide
grooves milled out in advance. When the milled out grove was
finished it was necessary to clean it out with compressed air
and remove dust particles and chippings from it. The minimum
cover of the HELIFIX system HeliBar stiffening rods from the
surface of the lining was 35mm. The stiffeners were glued into
the grooves using HeliBond high-strength thixotropic cementi-
tious grout.

Surface stiffening and pointing of brick
and stone masonry

As mentioned above, tunnel blocks TP2 and TP3, which were
built in additionally in 1894, have the lining carried out from
ceramic masonry. This lining was disturbed only on the surfa-
ce. It was therefore necessary to control the water jet pressure
and the setting of the jet during the rinsing process. Loosening
of the sound mortar and deterioration of the masonry had to be
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Obr. 9 Findlni pohled na nové vybetonované opéry v pdsu ¢. TP6
Fig. 9 Final view of the newly cast concrete sidewall in block TP6

Povrchové zpevnéni a sparovani cineiného
a kamenného zdiva

Jak uz bylo zminéno dfive, tunelové pasy TP 2 a TP3, vestavéné
dodateéné v roce 1894, maji obezdivku provedenou z keramického
zdiva. Toto osténi bylo narusené jen povrchové. Bylo proto nezbyt-
né pri oplachu kontrolovat tlak vodniho paprsku a nastavenf trysky.
Nesmélo dojit k rozvolnéni zdravé malty a znehodnocovani zdiva.
Z osténi tak byla odstranéna pouze degradovana sparovaci malta,
produkty spalin a ostruvky mechu. OCi§téné osténi bylo nové pre-
sparovano. Novy sparovaci materidl musel splnovat dostate¢nou
objemovou roztaznost a vodonepropustnost. Findlni tpravou zde
byla vrstva zpevnujiciho hydrofobizaéni¢niho silikdtového nastfi-
ku. Ten mohl byt aplikovdn pouze na povrch s nizkym obsahem
soli. Dédle nesmél povrch obsahovat znecistujici slozky, které by
zhorSovaly difuzni vlastnosti zdiva. Aplikace probéhla na zdivo pfi
jeho vlhkosti maximdlné 8 %.

Nevelké prusaky klenbou byly feSeny tésnici dvoustupnovou
injektdzi pres injektdzni pakry. V prvnim kroku doslo k aplikaci
dvouslozkové pryskyfice. V druhém kroku bylo osténi injekto-
vano nizkovizkoznim metakryldtovym gelem. Tim bylo garanto-
véno kvalitni ut€snéni lokdlnich prusaku.

ZAVER

Rekonstrukce tunelu Sedlejovice probehla bez vétsich kompli-
kaci a v dobé zpracovani ¢ldnku se stavba pripravuje ke kolaudac-
nimu fizeni. Drobné problémy vyvstaly jen na poédtku praci pri
vyméné kamenného osténi opér. Ur&itou dobu trvalo, neZ si zho-
tovitel rekonstrukce osvojil navrzenou technologii a projektant
vyladil pfistup k navrZenym detailim sanace. Za kuridzni lze
povazovat situaci, kdy stavebni firmé vznikl problém zakoupit
sldmu pro zhotoveni navrZzené rubové drendZe. Slama byla nedo-
statkovym materidlem, protoze témér kazdy osloveny zemédelec
ji mél jen tolik, kolik potreboval pro svou vlastni potfebu a nebyl
ochotny ji prodat. Nastésti se nasly vyjimky, které par baliku stav-
bé prenechaly. To vSak byly v celkovém méfitku rekonstrukce jen
malé problémy a ty byly zddrné prekondny.

Ing. MIROSLAV LIPKA, mlipka@amberg.cz,
AMBERG Engineering Brno, a.s.

Recenzovali | Reviewed: prof. Ing. Josef Aldorf,
Ing. Pavel Poldk

Prispévek Ndvrh a realizace rekonstrukce tunelu Sedlejovice
vznikl za podpory Technologické agentury CR v rdmci Feseni
projektu TA 3030851 .

Obr. 10 Vychodni portdl a priportdlovy tisek tunelu zajisténé prikotvenou
dvouzdvitovou drdténou siti Maccafferi

Fig. 10 Eastern portal and pre-portal tunnel section stabilised by the ancho-
red Maccaferri wire mesh

prevented. For that reason only degraded jointing mortar, pro-
ducts of combustion and mossy islets were removed. The cle-
aned lining was repointed. The new jointing material had to
meet requirements for sufficient cubic expansion and water
impermeability. The final treatment lied in a layer of reinfor-
cing hydrophobisation silicate spray. It was possible to apply
it only to a surface with low salt content. In addition, the sur-
face was not allowed to contain polluting components deterio-
rating the diffusion properties of the masonry. The spray was
applied to the masonry when its maximum dampness did not
exceed 8%.

Minor seepage through the vault was solved by two-step
injecting grout through packers. In the first step two-compo-
nent resin was applied. In the second step, low-viscosity met-
hacrylate gel was injected into the lining. In this way the qua-
lity sealing of local seepage was guaranteed.

CONCLUSION

The tunnel Sedlejovice reconstruction was carried out wit-
hout more significant complications and the construction was
being prepared for the final inspection at the moment of the
preparation of this paper. Minor problems happened only at the
beginning of the work during exchanging the stone masonry of
the sidewalls. It took some time before the contractor for the
reconstruction acquired the proposed technology and the desig-
ner adjusted the approach to the details proposed for the reha-
bilitation. The situation when the problem with purchasing the
straw for the construction of the outer side drainage developed
can be considered as a curiosity. The straw was a shortage
material because nearly each addressed farmer had so much
straw he needed for his need and was not willing to sell it.
Fortunately, exceptions which surrendered several bales to the
project were found. But these problems were small on the ove-
rall scale and were successfully overcome.

Ing. MIROSLAV LIPKA, mlipka@amberg.cz,
AMBERG Engineering Brno, a.s.

The paper and realisation of the Sedlejovice tunnel recon-

struction originated with the support of the Technology Agency
of the Czech Republic within the framework of the solution to

the TA 3030851 project.
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UDRZITELNOST TUNELOVYCH STAVEB - HODNOCENI KVALITY DOPRAVY
V SOUVISLOSTI S OTEVRENIM DALSI CASTI MESTSKEHO OKRUHU

SUSTAINABILITY OF TUNNEL STRUCTURES - ASSESSMENT
OF TRAFFIC QUALITY IN THE CONTEXT OF THE INAUGURATION
OF ANOTHER PART OF THE CITY CIRCLE ROAD

PAVEL PRIBYL

ABSTRAKT

Cldnek upozoriuje na trend, ktery se stdle vice resi v souvislosti s tunelovymi stavbami v mezindrodnim vyboru ,,Road Tunnel
Operation* svetové silnicni organizace PIARC. Zména mysleni souvisi s pojmem ,udrZitelnost, kdy se védeckymi metodami
zkoumaji socidlni, ekologické a ekonomické dopady stavby v dlouhodobém horizontu desitek let a tim se hodnoti i jeji prospés-
nost. Tunelovy komplex Blanka je bezpochyby jednou z nejkomplexnéjsich podzemnich struktur na naSem vizemi a md i ziejmy vliv
na dopravu v celé Praze. Cldnek upozoriiuje na to, Ze hodnoceni ekonomickych dopadii je také spojeno s hodnocenim kvality
dopravy, kterd se dd vyjddrit ve financnim ekvivalentu. Jsou uvedeny dilci vysledky zmény kvality dopravy zaloZené na datech zis-
kanych z plovoucich vozidel.

ABSTRACT

The paper points out the trend which has been more and more solved in the context of tunnel structures in the international com-
mittee “Road Tunnel Operation” of the world road organisation PIARC. The change in thinking is associated with the term “sus-
tainability”, where social, environmental and economic consequences of a structure are examined using scientific methods in the
long term of decades and even its benefits are assessed in this way. The Blanka complex of tunnels is undoubtedly one of the most
complex underground structures in the Czech Republic and has obvious influence on transport in the whole Prague. The paper
points out the fact that assessing economic consequences is also associated with assessing the transport quality which can be

expressed by a financial equivalent. It presents partial results of the change in traffic quality obtained from Floating Cars.

uvoD

Tunelovy komplex Blanka (TKB) tvofi severozdpadni st
Méstského okruhu (MO) o celkové délce cca 7 km, délka
samotné tunelové ¢asti dosahuje 5,5 km. TKB je C¢lenén
v poradi, od jiZ provozované zdpadni ¢asti Méstského okruhu,
na tunel Brusnicky (1,4 km), tunel Dejvicky (1 km) a tunel
Bubene¢sky (3,1 km). Celkovd provozovand ¢ast Méstského
okruhu md dnes délku cca 17 km. Stavbe byla vénovdana velka
pozornost i v ¢asopisu Tunel, napriklad v lit. [1] a [2].

Celd jizni ¢ast Méstského okruhu, od budouci mimodroviové kii-
zovatky Rybnicky, az po Barrandovsky most, je dnes nejzatizenc;jsi
trasou v Praze. Nejvyssi intenzita dopravy v Praze byla zméfena na
Barrandovském mosté v roce 2013. Jednalo se o 135 tisic vozidel za
pramémy pracovni den. Zdpadni ¢dst Méstského okruhu za¢ind na
levobrezni krizovatce Barrandovského mostu s ulici Strakonickou,
pokracuje ulici DobriSskou, kterd se zanofuje do kratkého tunelu
Zlichovského (196 m) a déle vede tunely Mrdzovka a Strahovsky.
Tunel Mrazovka délky 1300 m, se svym doposud nejvetsim raze-
nym profilem tunelu u nds, patii do kategorie tuneli s nizkym
nadloZim a navic razenym pod zdstavbou. RaZeni tunelu bylo velmi
sloZité kvili nesmirné obtiZnym geologickym pomérum. Po vyjez-
du ze severniho portdlu Mrdzovky a mimotdroviovém kiiZzeni se
vjizdi do Strahovského tunelu dlouhého 2004 m. AZ do otevieni
Bubenecského tunelu byl Strahovsky tunel prvni a nejdelsi stavbou
tohoto druhu v Ceské republice. Tunel byl uveden do provozu
v prosinci 1997. Pivodné bylo pldnovéno postavit po etapéch cel-
kem tfi tubusy, zatim byly dokonleny dva (zdpadni a stfedni)
a dostavba vychodniho, z néhoZ je postaven pouze severni a jizn{
hloubeny rozplet, se prozatim nepldnuje. Stavba byla zahdjena
v roce 1985 a tunel byl otevien v listopadu 1997.

INTRODUCTION

The complex of tunnels Blanka (the CTB) forms the north-
western part of the City Circle Road (CCR) (the inner circle)
with the aggregate length of ca 7km; the length of the tunnel-
led part itself reaches 5.5km. The CTB is divided (viewed from
the already operating western part of the City Circle Road) into
the Brusnice tunnel (1.4km), the Dejvice tunnel (1km) and the
Bubene¢ tunnel (3.1km). The overall operating part of the City
Circle Road is today ca 17km long. The project was dedicated
great attention even in TUNEL journal, for example Ref. [1]
and [2].

The entire southern part of the City Circle Road, starting
from the future Rybnicky interchange and running up to the
Barrandov Bridge, is today the most loaded transport route in
Prague. The highest traffic flow volume in Prague was mea-
sured on the Barrandov Bridge in 2013 — 135 thousand vehic-
les per a common working day. The western part of the City
Circle Road starts at the left-bank intersection of the
Barrandov Bridge with Strakonickd Street, continues along
Dobri$ska Street, which plunges into the short Zlichov tunnel
(196m) and leads further through the Mrdzovka and Strahov
tunnels. The 1300m long Mrdzovka tunnel with its till now
largest mined tunnel profile in the Czech Republic belongs to
the category of tunnels with a low overburden, in addition
driven under existing buildings. The tunnel excavation was
very complicated owing to very complex geological conditi-
ons. After exiting the northern portal of the Mrazovka tunnel
and a grade-separated intersection, the roadway enters the
2004m long Strahov tunnel. The Strahov tunnel was the first
and longest structure of this kind in the Czech Republic until
the opening of the Bubenec tunnel to traffic. The Strahov
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Technické sprava komunikaci hlavniho mésta
Prahy / Technical Administration of Roads
and Pavements of the Capital City Prague
TSIK usek dopravnino inZenyrstvi

Traffic Engineering Section

legenda / legend: pocty vSech vozidel v tisicich za 24 hodin
numbers of vehicles in thousands per 24 hours

I narGst/ increase
I pokles / decrease

Obr. 1 Model dopadu zprovoznéni tunelového komplexu ,,Blanka‘ z roku 2014 na intenzity dopravy; modrou barvou vyznacen

pomeérny pokles intenzit, Gervenou naopak navyseni intenzity

zdroj / source: TSK hl. m. Prahy

Fig. 1 Model of the impact of opening the Blanka complex of tunnels to traffic from 2014 on the traffic flow volume; the relative decrease in the volumes marked

in blue, whilst the increase in red

Tunelovy komplex Blanka byl uveden do provozu 19. zari
2015 a samozrejme vyrazné ovlivnil kvalitu dopravy, a to neje-
nom v rozsdhlé oblasti HoleSovic, Letné a Dejvic, ale jeho vliv
se projevuje i na jiznich, zdpadnich a severnich trasach. V tomto
¢lanku jsou uvedeny prehledné prvni vysledky kvantitativniho
ohodnocovani dopravy vyuZivajici dat z plovoucich vozidel.

PREDIKCNI MODEL INTENZIT DOPRAVY

Dopady budouciho zprovoznéni severozdpadni cCasti
Méstského okruhu na zatizeni komunikaéni sité provérovala
Technicka sprava komunikaci hl. m. Prahy (TSK) dopravnim
modelem, a to v ruznych Casovych horizontech, etapdch reali-
zace dalSich komunikaci a variantich dalSich doprovodnych
opatreni. Na obr. 1 jsou zndzornény oekdvané dopady na inten-
zitu dopravy bezprostfedné po uvedeni TKB do provozu. V uve-
deném vypoctu nejsou zahrnuty dal$i souvisejici stavby nadra-
zené komunikaéni sité, jako napriklad pokracovani Méstského
okruhu z Pelc-Tyrolky na Balabenku nebo severozdpadni ¢ést
Prazského okruhu. Po dokonéeni téchto staveb se prinosy
Meéstského okruhu jesté podstatnéji zvyrazni. Dale nejsou zahr-
nuty vyraznéjsi zasahy do komunikaéni sité v centru.

V hlavni trase TKB se ocekdvala intenzita kolem 80 tisic
vozidel za den (obousmérné). Ddle se oekavalo zvySeni inten-
zity ve Strahovském tunelu o cca 13 tisic vozidel. Obecné
model predpokladal snizeni dopravni zdtéZe v rozsahlé obytné
oblasti HoleSovic a Letné s presahem do centrélni oblasti, véet-
né sniZeni tlaku na kli¢ové kfiZovatky, jako je Kldrov, Letenské

tunnel was inaugurated in December 1997. Three tunnel
tubes were originally planned to be built at three stages. Two
tubes have been completed till now (the western and medium
ones), whilst the addition of the eastern tube, of which only
the northern and southern cut-and-cover bifurcations have
been carried out, is not planned for the time being. The
construction started in 1985 and the tunnel was inaugurated
in 1997.

The Blanka complex of tunnels was opened to traffic on 19th
September 2015 and, naturally, significantly affected the quali-
ty of traffic not only in the large area of HoleSovice, Letnd and
Dejvice. Its influence manifests itself even on the southern,
western and northern routes. This paper presents the initial
results of the quantitative assessment of traffic using data from
Floating Cars.

TRAFFIC FLOW VOLUME PREDICTIVE MODEL

The consequences of the future putting the north-western part
of the City Circle Road into service for the loads on the road
network were verified by TSK (the Technical Administration of
Roads and Pavements) of the Capital City Prague using a traffic
model, in various time horizons, stages of the realisation of
other roads and variants of other accompanying measures. The
anticipated consequences for the traffic volume immediately
after the CTB opening to traffic are presented in Fig. 1. Other
associated structures of the higher-ranking road network, for
example the continuation of the City Circle Road from Pelc-
Tyrolka to Balabenka or the north-western part of the Prague
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City Ring Road (the outer circle), are not
contained in the above-mentioned analysis.
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The benefits of the City Circle Road will
be further accentuated when these structu-
res are completed. In addition, more signi-
ficant interventions into the road network
in the centre are not included.

The traffic flow volume around 80 thou-
sand vehicles per day (in both directions)
was expected on the main route of the
Blanka complex of tunnels. In addition, an
increase in the traffic flow through the
Strahov tunnel by ca 13 thousand vehicles
was expected. In general, the model assu-
med the reduction in the volume of traffic in
the extensive residential area of HoleSovice
and Letnd with an overlap to the central
area, including the reduction in the pressu-
re on critical intersections, such as Klarov,
Letnd Square, Argentinskd/Plyndrni etc.
The analysis even took into account the

Obr. 2 Vyvoj intenzit dopravy v TKB
Fig. 2 Development of traffic flows in the CTB

nam., Argentinska/Plynarni apod. Vypocet zohlednoval i ¢dste-
¢né vyuziti uvolnéné kapacity jinymi vztahy. Napriklad model
predikoval vyssi vyuziti severovychodniho objezdu centra ve
stopé Veletrzni — jizni ¢dst Bubenské — Hlavkav most — Wilso-
nova, coz je pro dopravni obsluhu centra jisté pozitivni, i kdyz
to efekt sniZeni intenzit na holeSovické strané do ur€ité miry
zmensuje.

Kvuli nedokon&ené &dsti Méstského okruhu u severniho vy-
tsténi TKB se predpoklddal vyznamny ndrust dopravy v ul.
Povltavskd a mirn€jsi v ul. V HoleSovic¢kach. Bylo evidentni, Ze
naroste doprava na nékterych prijezdovych komunikacich, jako
napriklad ke Strahovskému tunelu, v Patockové zdpadné od
Malovanky, Svatovitské, Generdla Piky, Povitavské vychodné
od Pelc-Tyrolky, Cuprové, Strakonické a i na dal§ich komuni-
kacich. Dopravni model zpracovany v roce 2014 pomérné pres-
né predpovedel zmeény v doprave vyvolané zprovoznénim TKB.

VYVOJ INTENZIT DOPRAVY NA ULICNI SITI

Méfeni intenzity dopravy na vybranych fezech komunikaci
v Praze je po otevieni tuneli vénovédna velkd pozornost. Radu
zékladnich informaci 1ze ziskat na www.tunelblanka.info. Jak se
vyvijely maximalni intenzity v TKB v jednotlivych tydnech po
uvedeni do provozu ukazuje obr. 2; 38. tyden byl prvni pracov-
ni tyden po otevieni Blanky v sobotu 19. zafi 2015. Posledni
tydenn{ zaznam je z prvniho lednového tydne. Je vidét, Ze maxi-
mdlni intenzity maji trend se dostat k modelovym 80 000
voz/den. V grafech lze najit jednotlivé dny. Napriklad v dobé
statniho svatku 28. fijna klesly intenzity na 49,8 tisice a vabec

TSK vyhodnocuje pomoci staciondrnich detektora situova-
nych v uliéni siti intenzity dopravy. Zmeény v intenzitach za 24
hodin a vzdy pro oba smeéry jsou v tab. 1.

KLASICKY PRISTUP K HODNOCENI KVALITY DOPRAVY

Pojem kvalita dopravy se vztahuje na dopravni tok. Dopravni
tok (Traffic Flow) je v dopravnim inzenyrstvi pojimén jako tok
hmotnych entit, které vzdjemné interaguji a interaguji
i s infrastrukturou, po které se pohybuji. Zakladni predstavou je,
Ze tuto entitu tvorf silni¢n{ vozidla. Mezi pohybujici se entity se
ale Tadi i cyklisté a chodci.

zdroj | source: www.tunelblanka.info

partial use of the released capacity by other

relationships. For example, the model pre-

dicted higher use of the north-eastern
bypass of the centre along Veletrzni Street — southern part of
Bubenska Street — the Hlavka Bridge — Wilsonova Street,
which is certainly positive for resident traffic in the centre,
even though it diminishes the effect of reducing traffic flow
volumes on the HoleSovice side to a certain degree.

Owing to the not-completed part of the City Circle Road at
the mouth of the Blanka tunnel, significant increase in the traf-
fic flow volume was expected on Povltavska Street and, smal-
ler, on V HoleSovickach Street. It was evident that traffic flow
volume will grow on some access roads, such as, for example,
to the Strahov tunnel, on Patockova Street west of Malovanka,
Svatovitska Street, Generala Piky Street, Povltavska Street east
of Pelc-Tyrolka, Cuprova Street, Strakonickd Street and even
other roads. The traffic model which was developed in 2014
predicted changes in traffic induced by putting the TCB into
service relatively exactly.

DEVELOPMENT OF TRAFFIC VOLUMES
ON THE STREET NETWORK

Measuring the traffic flow volume on selected cross secti-
ons of roads in Prague has been dedicated great attention after
opening the tunnels to traffic. A lot of basic information can
be obtained on www.tunelblanka.info. How the maximum
traffic flow volumes in the TCB developed in individual
weeks after opening the tunnels to traffic is presented in
Fig. 2; the 38™ week was the first working week after the
Blanka complex of tunnels inauguration on Saturday the 19t
September 2015. The last weekly record is from the first week
of January. It is obvious that the maximum traffic flow volu-
mes have a trend towards getting to the model flow of 80,000
vehicles per day. Individual days can be found in the graphs.
For example, during the state holiday on 28 October the traf-
fic flow volumes dropped to 49.8 thousand and the lowest
flows of 24.8 thousand vehicles per day were recorded at the
New Year 2016.

The company of TSK evaluates traffic flow volumes using
stationary detectors located on the street network. Changes in
traffic flow volumes during 24 hours and always for both direc-
tions are presented in Table 1.
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Tab. 1 Zmeny v intenzitdich dopravy mezi jarem 2015 a mérenim ve étvrtek 10. 12. 2015 (dopravni omezeni na Nuselském mosté)
Table 1 Changes in traffic flow volumes between the Spring of 2015 and the measurement conducted on Thursday the

10 December 2015 (traffic restriction on the Nusle Bridge)

usek
section

Tunel Mrazovka (severni portal — odbocka Radlickd)
Mrézovka tunnel (northern portal — Radlicka Street branch)
DobfiSska (tunel Mrazovka — Strakonickd)

Dobrisska Street (Mrazovka tunnel — Strakonicka Street)

Jugosl. partyzani (Vitézné namésti — Zelena)

Jugosl. Partyzanu Street (Vitézné Namésti Square — Zelena Street)
Evropské (Sarecka — U Hadovky)

Evropska Street (Sarecké Street — U Hadovky Street)

Patockova (Pod Kréalovkou — Pod Drinopolem)

Patockova Street (Pod Kralovkou Street — Pod Drinopolem Street)
Nuselsky most

Nusle Bridge

Resslova (Karlovo ndm. — Jirdskovo nam.)

Resslova Street (Karlovo Nam. Square — Jiraskovo Nam. Square)
Nabfezi L. Svobody (Nové Mlyny — Klimentska)

L. Svobody Embankment (Nové Mlyny Street — Klimentska Street)
Nabrezi Kpt. JaroSe (Duk. hrdin(i — Letensky tunel)

Kpt. JaroSe Embankment (Duk. Hrdin( Street — Letna tunnel)
Letensky tune

Letna tunnel

Argentinska (Délnicka — Plynarni)

Argentinska Street (Délnicka Street — Plynarni Street)

V HoleSovickéch (Pelc-Tyrolka — Vychovatelna)

V HoleSovickach Street (Pelc-Tyrolka — Vychovatelna )

Veletrzni (Strojnicka — Kamenicka)

VeletrZni Street (Strojnicka Street — Kamenicka Street)

Jednou z moznosti, jak popsat kvalitu dopravy, je jeji klasifi-
kovani podle predem dohodnutych zasad. Kvalita dopravy LOS
(Level Of Service) je vyjadfovdna na ordindlni stupnici jako
pismeno ¢i ¢islo, které souvisi i se subjektivnim vnimédnim.
V naSich podminkdch rozeznavame stupné 1 az 5. Napriklad
stupeni 1 znamend, Ze se po komunikacich pohybuji jednotliva
vozidla dovolenou rychlosti a jizda je zcela plynuld, na rozdil
od stupné 3, kdy se po komunikacich pohybuji proudy vozidel,
provoz je plynuly, ale vyznacuje se sniZenou rychlosti, ktera jiz
v z4dném tuseku nedosahuje stanoveného rychlostniho limitu.
Pfi stupni 5 na komunikacich stoji nebo se jen pomalu pohybu-
ji kolony vozidel.

CLASSICAL ATTITUDE
TOWARD TRAFFIC
zdroj | source: TSK hl. m. Prahy OUALITY ASSESSMENT
jaro 2015 10. 12. 2015 The term quality is related
Spring 2015 10/ 12/2015 to traffic flow. Traffic Flow is
50,8 74,8 understood in transport engi-

50.8 74.8 neering as a flow of material
entities mutually interacting

77,2 83,4 . . .

772 83.4 and interacting even with the
143 16.5 infrastructure on which they
14i3 16f5 move. The basic idea is that

30,3 30.3 this entity is formed by road
’ ’ vehicles. Even cyclists and

30.3 30.3 X

30,2 43 pedestrians belong among
30i2 43 moving entities.

80,3 732 One of the possibilities how

80.3 73.2 the traffic quality can be desc-
ribed is classifying it accor-

34,9 35,7 . .

34.9 35.7 ding to in advance agreed
37.4 36,8 principles. The quality of traf-
37.4 36.8 fiC, the LOS (LeVel of Ser-
306 257 vice), is expressed on an ordi-
326 257 nal scale as a letter or a figure
183 18,2 associated with subjective
18.3 18.2 perception. In Czech Re-
52,3 455 public’s conditions, we distin-
523 455 guish degrees 1 to 5. For
68 81,8 example, degree 1 means that
68 81.8 individual vehicles move
35,3 23 along roads at the permitted
35.3 23 velocity and riding is perfect-

ly fluent, in contrast with

degree 3, where columns of
vehicles move along roads, the operation is fluent but is cha-
racterised by reduced velocity which reaches the velocity limit
on none of roads. At degree 5, columns of vehicles are statio-
nary on roads or they move very slowly.

Traffic volume ¢ [vehicle/AT] itself does not say much about
traffic quality, which is crucial if we want to assess the financi-
al effect of a structure in terms of transport. In Fig. 3 we can see
the daily course of traffic flow and velocity measured by
a detector on K Barrandovu Street. It is possible to read from it
that the course of the traffic flow variation is usual. About 8:00
a.m. the traffic quality significantly deteriorated, which fact

Intenzita dopravy ¢ [voz/AT] sama o sobé
nefikd mnoho o kvalité dopravy, kterd je
rozhodujici, pokud chceme hodnotit financ-
ni efekt stavby z dopravniho hlediska. Na
obr. 3 je zndzornén denni prabéh intenzity
a rychlosti dopravniho detektoru v ulici
K Barrandovu, z néhoz lze odedist, Ze vari-
ace intenzity dopravy ma obvykly pribéh.
Kolem osmé hodiny se v8ak vyrazné zhor-
Sila kvalita dopravy, coZ se projevilo sniZe-
nim rychlosti na cca 30 km.h'! a vozidla po- 2
pojizdéla v kolondch. Principidlné tedy ne-
maé samotnd intenzita vypovidaci schopnost
o kvalité dopravy, a tim i cené za pfepravu,
protoZe nizkd muze byt ze dvou pfi¢in — je
noc a v daném fezu jede mélo vozidel, nebo

60

40

v [km/h]

120

100

80

q [voz./den]

s
(=]

8 10 2 14 16 18 20

¢as méfeni (9. fijna 2015) / measurement time (9t October 2015)

je nizkd proto, Ze vozidla popojizdéji v ko-
lonéch.

Obr. 3 Detektor 31 ul. K Barrandovu: intenzita (¢ervené), rychlost (zelené)
Fig. 3 Detector 31on K Barrandovu Street: traffic flow volume (red), velocity (green)
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Obr. 4 Zmérené parametry (q, x) v diagramu Intenzita-obsazenost proloZené kfivkou 2. radu (vlevo); heuristicky stanovené meze klasifikdtoru (vpravo)
Fig. 4 Measured parameters (q, K) in the volume-occupancy diagram with a second order curve (left side) inset through the points; heuristically determined clas-

sificator limits (right side)

Proto musi byt pro hodnoceni kvality dopravy méfeny nejmé-
né dva parametry — intenzita g [voz/AT] a rychlost v [km.h-1].
Pripadné lze misto rychlosti vyuZit obsazenost detektoru K [%],
vyjadrujici procentni podil ¢asu, ktery stravila vozidla nad de-
tektorem. Na zdklad¢ Casovych fad intenzity a rychlosti se pro-
vede kvalitativni transformace ¢iselnych hodnot na stupné do-
pravy. Tuto transformaci symbolicky vyjadfuje vztah:

% |—2—=T105(1,5) . )

v

T

L

o =Y

__Vjezd Mrazovka
“Mrazovka entrance

=

Obr. 5 Trasy plovoucich vozidel ,,Magistrdla“ (Cervend), ,,Tunely* (modrd)
a ,,Jizni spojka“ (zelend)

Fig. 5 Routes of Floating Cars “Magistrdla” (red), “Tunely” (blue), “JiZni
spojka” (green)

manifested itself by reduction in the velocity to ca 30km.h-!
and in vehicles inching in columns. In principle the traffic flow
itself has no explanatory power regarding traffic quality and
thus has no explanatory power about the cost of transport. The
reason is that it can be low for two reasons — either it is the
night-time and only few vehicles drive through the particular
cross section or vehicles are inching in columns.

For that reason measuring at least two parameters is necessa-
ry for assessing traffic quality — traffic volume q [vehicle/AT]
and velocity v [km.h-1]. Where appropriate it is possible to use
the detector occupancy K [%] instead of velocity. It expresses
the percentage of the time which vehicles spent above the
detector. Qualitative transformation of numerical values to traf-
fic degrees is carried out on the basis of time series of traffic
volume and velocity. This transformation is symbolically
expressed by the following relationship:

(:jr ‘—J'J LOS<1.5> ) equation 1

The picture of traffic expressed in the classified values is
mostly obtained by the subjective assessment of a traffic situa-
tion and expressing it on a 1 to 5 scale. An example of an auto-
matically working classificator is presented in the text below. It
is based on the knowledge of five-minute traffic flow volume q
and the percentage of loading of the detector k. Individual five-
minute measurements are illustrated by crosses in the 2D inten-
sity-loading diagram (see Fig. 4 left).

Measured points have to be approximated by means of
a second degree polynomial curve:

y=a+ bx + ox’. equation 2

The values of coefficients a, b and ¢ can be calculated on the
basis of the solution to a system of three equations with three
unknowns, in this way it is possible to inset a second order
regression curve through the measured points. The first deriva-
tive of this curve is an important parameter for the calibration
of boundaries of the classificator. The zero derivative corres-
ponds to a local extreme of the function, thus also to saturated
traffic flow in the location of the measurement, which means
that the road is on the limit of the capacity which it was desig-
ned for.
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Tab. 2 Doby jizdy trasou ,,Magistrdla‘“ pred a po otevieni TKB
Table 2 Times of journeys along the “Magistrdla” route before and after opening the CTB to traffic

PRED OTEVRENIM / BEFORE OPENING

trasa ,Magistrala“ jih / ,Magistrala“ south route

trasa ,Magistrala“ sever / ,Magistrala“ north route

termin, Cas / date/time

17.-25. 6.
ranni Spicka / morning rush hour

17.-25. 6.
odpoledni Spicka / afternoon rush hour

pocet jizd / number of journeys

5

prlimérna doba jizdy [min] / average travel time [min]

smérodatna odchylka [min] / standard deviation [min]

373

PO OTEVRENi / AFTER OPENING

trasa ,Magistrala“ jih / ,Magistrala“ south route

5

trasa ,Magistrala“ jih / ,Magistrala“ south route

termin, &as / date/time 3-12.11. 17.-25. 6.
ranni Spicka / morning rush hour odpoledni 8picka / afternoon rush hour
pocet jizd / number of journeys 9 7
prlimérnd doba jizdy [min] / average travel time [min] 29:56
smérodatna odchylka [min] / standard deviation [min] 3:29 6:07

PO OTEVRENI / AFTER OPENING

trasa ,Magistrala“ sever / ,Magistrala” north route

trasa ,Magistrala“ sever / ,Magistrala“ north route

termin, Cas / date/time 3-12.11. 3-12.11.
ranni Spicka / morning rush hour odpoledni Spicka / afternoon rush hour
pocet jizd / number of journeys 9 8
prlimérna doba jizdy [min] / average travel time [min] 24:34 22:47

smérodatna odchylka [min] / standard deviation [min]

711

Obraz dopravy vyjadreny v klasifikovanych hodnotéch se zis-
kavd vétSinou subjektivnim posouzenim dopravni situace
a vyjadrenim ve stupnici 1 az 5. Pfiklad automaticky pracujici-
ho klasifikdtoru je uveden v dal§im textu. Vychdzi ze znalosti
pétiminutovych intenzit dopravniho proudu q a procentudln{
zatiZzenosti detektoru K. Jednotlivd pétiminutovd méfeni jsou ve
2D diagramu intenzita-obsazenost zndzornény kfizky, obr. 4
(vlevo).

Zméfené body je nutné aproximovat polynomickou ktivkou
druhého fadu:

y=a+bx+c2. 2)

Na zdkladé feSeni soustavy rovnic pro tfi nezndmé lze vypo-
Citat hodnoty koeficientu a, b, ¢, a tim 1ze méfenymi body pro-
lozit regresni kfivku druhého fddu. Pro kalibraci hranic klasifi-
kédtoru je duleZitym parametrem prvni derivace této krivky.
Nulova derivace odpovidd lokdlnimu extrému funkce a tim
i saturovanému dopravnimu toku v misté méfeni, tzn., Ze komu-
nikace je na mezi své kapacity, na kterou byla projektovana.

V dal$im kroku vyvoje automatizované klasifikace dopravni-
ho proudu bylo nutné stanovit meze pro jednotlivé stupné
dopravy, pfi¢emz se vyslo z klasifikace do stupnia 1 az 5 tak, jak
je obvyklé v Ceské republice. K tomu byl realizovin experi-
ment, kdy dopravni odbornik z Policie CR klasifikoval subjek-
tivné dopravu ze zdznamu na monitoru. Kazdé jeho rozhodnuti
bylo zaznamendvdno a souCasné porovndvano s prislu§nymi
objektivnimi ddaji intenzity a obsazenosti méfenymi detektory.
Vysledky experimentu slouZzily pro heuristickou kalibraci klasi-
fikatoru. Na obr. 4 (vpravo) jsou vyznaCeny oblasti definujici
prislusné stupné dopravy.

Uvedeny zpusob klasifikace dopravy vyZzaduje systémové
meérfeni v mistech, kde nejsou kongesce vyvolany dopravnimi

In the next step of the development of the automated classi-
fication of traffic flow it was necessary to determine limits for
individual traffic degrees. The categorisation into degrees 1 to
5 which is customary in the Czech Republic was used as
a basis. For that reason, an experiment was conducted where
a traffic expert of the Police of the CR classified traffic subjec-
tively from a record on a screen. Each of his decisions was
recorded and, at the same time, compared to respective objec-
tive data on the intensity and occupancy measured by detectors.
The experiment results were used for heuristic calibration of
the classificator. The areas defining respective traffic degrees
are marked in Fig. 4 (right).

The above-mentioned method of traffic classification requ-
ires systematic measurements in locations where congestions
are not induced by traffic measures, such as the influence of
nearby traffic light signals (the TLS). During the past years,
the City of Prague has invested into the so-called strategic
detectors within the framework of the Operational Programme
Transport. Owing to this fact, 108 detectors measuring at least
two traffic parameters are installed in strategic locations of
the network. At the moment the mathematical machinery for
the objectification of traffic classification by means of the
LOS assessment is under preparation. For that reason it is
necessary to use other modern means allowing for comparing
traffic quality before and after opening the CTB to traffic. The
travel time of the Floating Car (the FC) is the parameter which
will allow it.

FLOATING CARS AND TRAFFIC OR THE GLOBAL
PACKET RADIO SERVICE (GPRS) QUALITY ASSESSMENT

The Floating Car is a car equipped with the Global
Navigation Satellite System (the GNSS) and its location is
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transmitted on-line to the cent-
re through the Global System
for Satellite Communications
(GSM) or the General Packet
Radio Service (the GPRS) or
is stored into memory and
assessed off-line. There are
tens of thousands of cars equ-
ipped in this way. They are
mostly used by companies for
monitoring the movement of

7 km 8 km 9 km

Obr. 6 OkamZité hodnoty rychlosti na trase ,,Magistrdla‘
Fig. 6 Immediate values of velocity on the “Magistrdla) route

opatfenimi, jako napriklad vlivem blizkého svételné-signalizac-
niho zafizeni (SSZ). HI. m. Praha investovalo v minulych letech
do tzv. strategickych detektoru v rdmci Operaéniho programu
doprava. Diky tomu je na strategickych mistech sité instalovano
108 detektort méficich nejméné dva dopravni parametry.
V soucasné dob¢ se matematicky aparét pro objektivizaci klasi-
fikace dopravy vyhodnocovanim LOS teprve pripravuje, a proto
bylo nutné vyuZit jinych modernich prostfedki umoZznujicich
komparovat kvalitu dopravy pred a po uvedeni TKB do provo-
zu. Parametrem, ktery toto umozni, jsou doby jizdy plovouciho
vozidla (FC — Floating Car).

PLOVOUCI VOZIDLA A HODNOCENI KVALITY DOPRAVY

Plovouci vozidlo je vozidlo vybavené satelitnim pozi¢nim
systémem GNSS a jeho pozice je bud on-line pfendsena do cent-
ra komunika¢nim kandlem GSM/GPRS, nebo je zaznamenava-
na do paméti a vyhodnocovdna off-line. Takto vybavenych vozi-
del jsou desetitisice a prevazné slouzi firmdam pro monitorovani
pohybu jejich vozidel, napriklad pro optimalizaci servisnich
zésaha, ¢i logistiky. VyuZiti monitorovani dopravy pomoci FC
pro liniové fizeni dopravy je popsdno v [3], v lit. [4] se FC vyu-
Zivaji pro monitorovani kongesci a $ifeni informaci pro fidice
pomoci ruznych informa¢nich systému. Vyuziti odhadu kvality
dopravy pro zlepSeni verejné dopravy s vyuzitim FC je ve [5].

Iniciativa monitorovat doby jizdy z bodu A do B v souvislosti
s pripravou otevieni TKB vznikla na Fakulté dopravni CVUT
jiz v 1ét€ 2015. V této souvislosti jezdila vozidla vybavena GPS
mezi zdrojem a cilem v ulici Za Zenskymi domovy do zdro-
je/cile v ul. Bulovka/Zenklova. Jezdilo se tfemi trasami nazva-
nymi ,,Magistrdla®“, ,,Veletrzni* a ,,Tunely*. Vysledky byly pub-
likovéany v [6].

Dalsi rozsédhly experiment probéhl po otevieni TKB, mezi 3.
a 12. listopadem 2015, kdy bylo realizovdno 54 jizd se stejnym
zdrojem a cilem po trase ,,Magistrala®“ (Cervend), ,,Tunely*
(modrd) a navic obéma sméry mezi portidlem Mrédzovky

their vehicles, for example for
the optimisation of service
interventions or for logistics.
The use of monitoring traffic by means of the FC for linear con-
trol of traffic is described in [3]; in Ref. [4], FCs are used for
monitoring congestions and disseminating information for dri-
vers by means of various information systems. The use of traf-
fic quality estimations for improving public transport using
FCs is in [5].

The initiative to monitor the duration of journeys from point
A to point B in the context of the preparation of opening the
CTB to traffic originated at the Faculty of Transportation
Sciences of the Czech Technical University in Prague as long
ago as the summer of 2015. In this context cars equipped with
the GPS drove between the source and aim on Za Zenskymi
Domovy Street to the source/aim on Bulovka/Zenklova Streets.
Three routes named ,Magistrdla® (Main Thoroughfare),
., Veletrzni (Veletrzni Street) and “Tunely” (Tunnels) were dri-
ven on.

Another extensive experiment took place after the opening of
the CTB to traffic, between the 3rd and 12th November 2015,
when 54 journeys with identical source and aim were realised
along the “Magistrdla” (red), "Tunely” (blue) routes and, in
addition, bidirectionally between the Mrédzovka tunnel portal
and the intersection between the Southern Connection Road
and Ul. 5. Kvétna Street (green) (see Fig. 5). The results com-
paring the journeys before and after the CTB opening to traffic
are presented in Table 2.

It is obvious from the Table 3 that after opening the CTB to
traffic the time of travel along the “Magistrdla” route during the
morning rush hour in the direction from the north to the south
the travel time was reduced from 34 minutes to 25 minutes.
This fact is related to a part of the 40 thousand vehicles on this
route (see Table 1). These are significant savings in time, the-
refore also in money. Under the assumption that the distributi-
on is normal, 68% of vehicles arrive within the +/— 3 minute
interval. During the measurements even excesses happened,
where the 33:50 minute travel time was measured on 12th
November. During the journey to the north during the afterno-
on rush hour the travel time

1km 2km 3km 4 km 5 km 6 km 7 km

8 km

dropped by ca 3 minutes and the
standard deviation is slightly
lower.

Another change is related to
the stabilisation of travel times.
Before the CTB opening to traf-
fic the journey to the south and
north took 34 minutes and 25
minutes on average, respective-
ly. After opening it, the travel
times during the morning and
afternoon rush hours are very

9 km 10 km 11 km

Obr. 7 Okamfité hodnoty rychlosti na trase ,,Tunely“
Fig. 7 Immediate values of velocity on the “Tunely” route

similar 25:06/29:56 minutes for
the southern direction and
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Tab. 3 Stejny zdrojl/cil — Bulovka/Radlickd a doby jizdy v obou smérech a v ranni i odpoledni $picce
Table 3 Identical source/aim - Bulovka/Radlickd Street and travel times in both directions and during both the morning and afternoon rush hours

trasa ,, Tunely“ jih / ,, Tunely“ south route

trasa ,, Tunely“ jih / ,, Tunely“ south route

termin, Cas / date/time

3-12.11.
ranni Spicka / morning rush hour

4-12.11.
odpoledni $picka / afternoon rush hour

pocet jizd / number of journeys

primérnéa doba jizdy [min] / average travel time [min]

smérodatna odchylka [min] / standard deviation [min]

trasa ,,Tunely“ sever / ,, Tunely” north route

6 5

trasa ,,Tunely“ sever / , Tunely” north route

termin, ¢as / date/time

3-12.11.
ranni Spicka / morning rush hour

4-12.11.
odpoledni Spicka / afternoon rush hour

pocet jizd / number of journeys

primérna doba jizdy [min] / average travel time [min]

smérodatna odchylka [min] / standard deviation [min]

a kfiZeni Jizni spojky s Ul. 5. kvétna (zelend) (obr. 5). Vysledky
porovndvajici jizdy pred a po otevienim TKB pro trasy po povr-
chu jsou v tab. 2.

Z tabulky 3 je patrné, Ze po otevieni TKB se doba jizdy tra-
sou ,,Magistrdla® v ranni §pi¢ce smérem ze severu na jih zmen-
Sila z 34 minut na 25 minut, coZ se tykd ¢dsti ze 40 tisic vozidel
na této trase, to je vyznamnd tspora Casu a tim i penéz. Za pred-
pokladu, Ze se jedna o normdlni rozdéleni, 68 % vozidel dojede
v intervalu +/— 3 minuty. Pfi méfeni se nasly i excesy, kdy 12.
listopadu byla doba jizdy 33:50 min. Pfi jizdé na sever
v odpoledni Spicce klesla doba jizdy o cca 3 minuty
a smérodatnd odchylka je mirné nizsi.

Dalsi zména se tyka stabilizace dob jizd. Pred otevienim TKB
se na jih jelo v pruméru 34 minut a na sever 25 minut. Po otev-
fenf jsou v ranni i odpoledni $pi¢ce doby jizdy velmi podobné
25:06/29:56 min. (jizni smér) a 24:34/22:47 min. (severni
smer). Stabilnéjsi Casy znamenaji i stabilizovanéj$i dopravni
proud a vétsi jistotu, Ze se dojede v ofekdvané a obvyklé dobe.

Pokud leZi zdroje a cile pobliz trasy Méstského okruhu, jsou
doby jizdy nesrovnatelné lep$i v porovndni s povrchovymi tra-
sami. Pro vySe uvedené zdroje a cile lezi doby jizdy mezi 13
a 16 minutami. Pfi intenzitdch, které jsou nové méfeny ve
Strahovském tunelu (35 tisic v jednom sméru), se opet jedna
o vyznamnou skupinu fidi¢u, které se zkrati doby jizdy
a stabilizuje se i rozptyl v dojezdech.

Pri ndvrhu a i v dobé Zivota tunelového dila je nutné se zaby-
vat pojmem UDRZITELNOST, ktera charakterizuje celé dilo ve
vztahu k socidlnim vlivam na spole¢nost, ekologickym pfino-
sum a ekonomické udrzitelnosti [8]. Z predchoziho textu je patr-
né, Ze zkraceni dob jizdy z jizniho sektoru mésta do severniho
a naopak prineslo dspory asu 10 az 15 minut pro nékolik desi-
tek tisic vozidel. Pfi odhadu obsazenosti vozidel a cené za hodi-
nu 300 K¢ se pouhym ndsobenim dochdzi k dspordm stovek
tisic denné.

Jesteé zajimavejsi je dalSi kategorie dspor, kterd souvisi
s charakterem jizdy. Pokud vozidlo musi zastavovat v kolong,
ztraci kinetickou energii a pokud se chce dostat na pivodni rych-
lost, musi energii, dodat ve formé zvySené spotfeby pohonnych
hmot, s ¢imz jsou spojené i zvysené exhalace. Na obr. 6 je zdznam
rychlosti plovouciho vozidla na trase Bulovka — Radlickd dne 5.
11. s pocatkem v 8:30 h. Doba jizdy byla 26:35 min. Z grafu lze
odedist, kolikrat vozidlo témér zastavilo, a Ze vice neZ jeden kilo-
metr jelo v koloné rychlosti okolo 10 km.h-!. Brzdén{ a znovu se

6 5

24:34/22:47 minutes for the northern direction, respectively.
More stable times also mean more stabilised traffic flow and
higher certainty that a vehicle arrives within the expected and
usual time.

If the sources and aims lie near the City Circle Road route,
the travel times are incomparably better in comparison with at-
grade routes. For the above-mentioned sources and aims the
journey times lie between 13 and 16 minutes. At the intensities
which are newly measured in the Strahov tunnel (35 thousand
in one direction) it is again a significant group of drivers for
which the travel time is reduced and even the scatter in arrivals
is stabilised.

It is necessary during the work on the proposal and during the
tunnel structure life to deal with the term SUSTAINABILITY,
which characterises the whole structure with respect to social
influences on the society, environmental contributions and eco-
nomic sustainability [8]. It is obvious from the preceding text
that the reduction in the time of travel from the southern sector
of the city to the northern sector and vice versa brought 10- to
15-minute savings in time for several tens of thousands of
vehicles. At the estimation of the vehicle occupancy and the
cost of one hour of CZK 300, the daily savings determined only
by multiplying amount to hundreds of thousands.

Even more interesting is another category of savings related
to the character of driving. If a vehicle has to stop repeatedly in
a column, it loses kinetic energy and if it wants to get to the ori-
ginal velocity it has to supply energy in the form of increased
consumption of fuels, which is associated with increased
exhaust emissions. A record of the Floating Car velocity on the
Bulovka — Radlickd Street route on the 5th November starting
at 8:30 hours is presented in Fig. 6. The travel time was 26:35
minutes. It is possible to read from the graph how many times
the car nearly stopped and that it drove at the velocity about
10km.h-! more than one kilometre. Breaking and restarting
does not manifest itself only in economic and environmental
losses. It has a significant effect on safety. It is stated that the
so-called Stop-and-Go waves are causes of eighty per cent of
accidents on motorways.

A record from the Floating Car on the “Tunely” route indica-
tes similar problems before the car gets to a tunnel and after
exiting it. The Floating Car passed the nearly nine kilometre
long route at an even velocity, lower than the permissible velo-
city. The fact that vehicles observe the permissible velocity
owing to the sectional measurement of speed has already been
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smér most Barikadnikd / direction of Most Barikadniku Bridge

Obr. 8 Prubéh cestovnich dob v ul. V HoleSovickdch smér most Barikddnikii, mezi 6. a 20. hodinou (Sedd — pred otev-

renim TKB; modrd — po otevreni)

Fig. 8 The course of travel times on V HoleSovi¢kdch Street in the direction of Most Barikddniku Bridge between 6:00

a.m. and 8:00 p.m. (grey — before the CTB opening; blue — after opening)

rozjizdéni se neprojevuje jen v ekonomickych a ekologickych
ztratach, ale ma velky vliv na bezpecnost. Udava se, Ze tzv.
Stop-and-Go vlny jsou pri¢inou osmdesati procent nehod na
ddlnicich.

Zéaznam z plovouctho vozidla na trase ,,Tunely*“ ukazuje
podobné problémy, nez se vozidlo dostane do tunelu a po vyjez-
du. Celou trasu v tunelech o délce témer deviti kilometru proje-
lo plovouci vozidlo rovnomérnou rychlosti, niZ§i nez je povole-
nd rychlost. To, Ze vozidla dodrzuji povolenou rychlost, diky
usekovému méfeni rychlosti, bylo jiz v asopise Tunel publiko-
vano [10].

FLOTILA VOZIDEL A VYHODNOCENI KVALITY DOPRAVY

V rdmci testu, které byly provadény v rezii Fakulty doprav-
ni, bylo najeto cca 900 km po vySe uvedenych trasdch. Pro
komplexnéjsi vyhodnocovani dopravy v kontextu celého
mésta je velmi vhodné vyuziti velké flotily plovoucich vozi-
del. K tomuto ucelu byla fakulté poskytnuta data ziskdvana
v projektu RODOS. Centrum RODOS tvori tfi nejvetsi tech-
nické vysoké skoly v CR, jedna vefejnd vyzkumna instituce
a Sest podnik. Centrum je financovéno programem Tech-
nologické agentury CR na podporu rozvoje dlouhodobé spo-
lupriace ve vyzkumu, vyvoji a inovacich mezi vefejnym
a soukromym sektorem ,,Centra kompetence* a spolufinan-
covdano partnery centra. V rdmci celorepublikového projektu
jsou ziskdvana dopravni data témér ze 150 tisic vozidel (pozi-
ce, rychlost, doby jizdy).

V soucasné dobé jsou k dispozici velké soubory dat plovou-
cich vozidel udédvajici doby jizdy v ruznych segmentech do-
pravni sité v Praze. Spole¢nost CE-Traffic, a. s., je predzpraco-
vala a poskytla Fakulté dopravni. Doba jizdy je jednim ze
zékladnich komparaénich podklada, kdy lze primo hodnotit pii-
nos dila ve finan¢nim ekvivalentu. Vzhledem k tomu, Ze se jed-
né o rozsdhlou databdzi s desitkami grafu porovndvajicich doby
jizdy, vyhodnoceni by presdhlo rdmec tohoto ¢lanku, je v dal§im
textu uvedeno nékolik ukdzek vystupu. Kazdy z vystupt vznikl
dlouhodobym prumérovéanim méfenych hodnot dob jizdy plo-
voucimi vozidly.
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published in TUNEL journal
[10].

VEHICLE FLEET AND
ASSESSMENT OF TRAFFIC
QUALITY

About 900km were driven
along the above-mentioned
routes within the framework of
the tests, which were conducted
under the direction of the
Faculty of Transportation Sci-
ences. It is very suitable for
more comprehensive assess-
ment of traffic in the context of
the whole city to use a large
fleet of Floating Cars. The data
obtained in the RODOS project
was provided to the faculty for
this purpose. The RODOS cent-
re is formed by three biggest
technical universities in the
Czech Republic, one public
research institution and six companies. The centre is funded by
the Technology Agency of the Czech Republic programme for
the support of long-term collaboration in research, develop-
ment and innovations between the public and private sector the
“Competence Centre” and co-funded by the centre partners.
Traffic data from nearly 150 thousand vehicles (the location,
velocity and travel times) is being gathered within the frame-
work of the nationwide project.

At the moment large sets of Floating Car data presenting tra-
vel times in various segments of the transport network in
Prague are available. The company of CE-Traffic, a. s., pre-
processed it and provided the Faculty of Transportation
Sciences with it. The travel time is one of the basic comparati-
ve source documents where the contribution of a structure can
be directly assessed by means of a financial equivalent. With
respect to the fact that it is an extensive database with tens of
graphs comparing travel times and the assessment would exce-
ed the framework of this paper, several examples of outputs are
presented in the text below. Each of the outputs originated by
long-term averaging of measured values of travel times of
Floating Cars.

The time of travel along V HoleSovickach Street is 100s
when the traffic flow is free (see Fig. 9). Before opening the
CTB to traffic the travel times around eight o’clock reached up
to 260s. After opening the tunnels to traffic the maximum was
shifted to seven o’clock, but the travel time (TT) is only 130s.
The Travel Time during the morning rush hour is by two minu-
tes shorter. The overall benefit has again to be calculated
through the number of vehicles.

The situation during the afternoon rush hour when the Travel
Time grows around 16:00 hours from 118s (before the opening)
to 133s is completely different. This phenomenon makes it evi-
dent that the tunnel is used not only for urban traffic but also
transfers the transit transport from the south to the north. In this
way it simulates the non-existence of the Prague City Ring
Road in the northern segment.

OTHER EFFECTS OF BRINGING THE TUNNEL
INTO SERVICE ON TRAFFIC

As it can be unambiguously observed and as it is supported
by measurements assessed to date, the benefits of the comple-
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Doba jizdy v ulici V Ho-
lesovi¢kach je pfi volném do-
pravnim proudu 100 s (obr. 9).
Pred otevienim TKB dosahova-
ly doby jizdy okolo osmé hodi-
ny az 260 s. Po otevieni tunela
je maximum posunuto k sedmé
hoding, ale doba jizdy (TT -
Travel Time) je jenom 130 s. Doba
jizdy je v ranni Spic¢ce o vice
nez dvé minuty krat$i. Celkovy
prinos je opét nutné poditat pres
pocet vozidel.

Zcela jind situace je v odpo-
lednf Spicce, kdy se okolo 16:00
zvedne doba jizdy ze 118 s (pred
otevienim) na 133 s. Tento jev
sved¢i o tom, Ze tunel nen{ vyu-
Zivdn jenom pro meéstskou
dopravu, ale prevadi i tranzitni
dopravu z jihu na sever, ¢imZ
simuluje neexistenci Silni¢niho
okruhu okolo Prahy v severnim
segmentu.

doba jizdy [s] / travel time [s]

TKB; modrd — po otevreni)

DALSI VLIVY OTEVRENI TUNELU NA DOPRAVU

Jak 1ze jednoznaéné pozorovat, a podporuji to i dosud vyhod-
nocend mereni, prinosy dokonCeni této ¢asti Méstského okruhu
lze pozorovat v celé puvodni stopé propojujici Prahu 8 a Prahu
6 od ulic V HoleSovickach pres Veletrzni, Milady Horakové az
po Pato¢kovu. Kvalita dopravy se zvysila i na Dvordkove ndbre-
71, pravobrezni komunikaci a dalSich mistech Prahy.

Doslo ale i ke zhorSeni kvality dopravy v oblasti nékterych
vjezdu a vyjezdu z tuneld. Tato situace byla pfedviddna i v pre-
dikénim modelu, obr. 1, a zd4 se, Ze ji nebyla vénovana ndleZi-
td pozornost v dob¢, kdy se tunel dokoncoval. S jistotou lze tvr-
dit, ze Méstského okruhu bude mozné plné vyuzit aZ po tplném
dokonceni, kdy se naplni jeho ochrannd funkce a bude mozZné
aktivovat radu regulac¢nich a ochrannych opatfeni vedoucich
k dalsimu zlepSeni Zivotniho prostfedi v hlavnim mésté Praze.
Toto je zakladni systémové opatfeni, bez kterého se Praha neo-
bejde, a melo by byt se v§i vehemenci podporovano politickou
reprezentaci. Clanek [7] popisu-
je dost tvrdou realitu ve vztahu
k dokon&oviéni téchto daleZitych
staveb.

Existuji ale i moznosti pro-
vést dil¢i dpravy na silni¢ni
siti, které by problémy omezi-
ly. Napriklad kolony ve Sva-
tovitské silné ovliviiuje pre-
chod na okruzni kfiZovatce
Vitézného ndmeésti. Narazové
kolony u Barrandovského mos-
tu ovliviiuje i pozdni fazeni
vozidel ze Strakonické do
Modranské, kde je na tento
manévr sotva 200 metrt. Kro-
mé klasickych dopravné-inze-
nyrskych opatfeni existuji
i prostfedky dopravni telemati-
ky, které by mély byt urychle-
né zavedeny.

600

doba jizdy [s] / travel time [s]

blue — after opening)

10 11 2 13 14 15

smér Liberecka / direction of Liberecka Street

Obr. 9 Priubéh cestovnich dob v ul. V HoleSovi¢kdch smér Libereckd mezi 6. a 20. hodinou (Sedd — pred otevienim

Fig. 9 The course of travel times on V HoleSovickdch Street in the direction of Libereckd Street between 6:00 a.m.
and 8:00 p.m. (grey — before the CTB opening; blue — after opening)

tion of this part of the City Circle Road can be observed throug-
hout the original route connecting Prague 8 and Prague 6, from
V HoleSovickach Street through Veletrzni and Milady
Hordakové Streets up to Patockova Street. Traffic quality even
grew on Dvordkovo Néabrezi Embankment, the right-bank road
and in other locations of Prague.

On the other hand, the quality of traffic deteriorated in the
areas of some tunnel entrances and exits. This situation was
predicted even in the predictive model, Fig. 1, and it seems that
it was not paid adequate attention at the time when the tunnel
was being completed. It is possible to maintain with certainty
that the City Circle Road will be fully usable after the full com-
pletion, when its protective function is fulfilled and it is pos-
sible to activate a variety of regulation and protective measures
leading to further improvement of the environment in the City
of Prague. This is the fundamental systematic measure Prague
cannot cope without. It should be supported by political repre-
sentation with all efforts. The paper [7] describes the rather
harsh reality in relation to the process of completing these
important structures.

smér centrum / direction of centre

Obr. 10 Doby jizda na Strakonické ulici smérem k Barrandovskému mostu (Sedd — pred otevienim TKB; modrd — po otevieni)
Fig. 10 Travel times on Strakonickd Street in the direction of the Barrandov Bridge (grey — before the CTB opening;




Obr. 11 Doby jizdy v iiseku Cinskd — Dejvickd; pred otevienim TKB 14.~18. 9. (Cervend); po otevieni 21.-25. 9.
(modrd), 9.-13. 11. (zelend)
Fig. 11 Travel times in Cinskd Street — Dejvickd Street section; (red — before the CTB opening; blue — after the ope-
ning, green on 9th — 13th November)

Jednim z nedofesenych, a o to zdvaznéjSich problému je, Ze
takto rozsdhly systém nemél pfipraveny scénédre pro ovladani
dopravy. Od zprovoznéni dohdni tento nedostatek policie na
Hlavni dopravni fidici dstfedn€ tim, Ze zkracuje délky zelenych
na nékolika krizovatkdch (5.596 Mozartova — Duskova, 5.559
Radlickd — Barrandovsky most, atd.). Ovladdni dopravy probi-
ha pouze manudlné na zdkladé posouzeni dopravni situace
kamerami a jeho kvalita zavisi i na zkuSenostech dispecera.

Viaznym problémem, ktery je nutné rychle fesit, je zpozdova-
ni linek vefejné hromadné dopravy na nekolika trasdch. Na obr.
10 je graf dob jizdy na Strakonické, ktery ukazuje, Ze v dobé
ranni $picky zde byla doba jizdy delsi o 14,5 minuty oproti vol-
nému provozu, kdy se dsek prekonal za 5,3 minuty. Po otevieni
TKB se jizda v ranni Spicce, kterd trvd i déle, prodlouZila na 19
minut. Na Strakonické se uvaZuje s roz§ifenim vyhrazeného
pasu pro verejnou hromadnou dopravu.

Podobné se zvySily i pramérné cestovni doby autobusit MHD
v tseku Cinskd — Dejvickd. Z grafu pro listopad ale vyplyvd, Ze
se individudlni doprava ponékud preorganizovala a Ctyfminutové
zpozdéni se projevuje hlavné v odpoledni $picce (obr. 11).

ZAVER

Tunelovy komplex Blanka je vyjime¢né dilo, které bylo zara-
zeno mezi 27 svétovych komplexnich podzemnich struktur pub-
likovanych v dokumentu PIARC, [9]. Takovéto dilo musi byt
sledovéno z hlediska udrZitelnosti ve vSech tfech komponentich
z hlediska socidlniho piinosu, ekologickych piinosu a fi-
nan¢niho prinosu dila. Pokud se zaméfime na finan¢ni vyhod-
nost stavby, musi byt zdkladem dlouhodobé sledovani vlivu
stavby na dopravu ve méste. V ¢lanku je ukdzdno, Ze hodnoce-
nf kvality dopravy nemuZe byt zaloZeno pouze na méfeni inten-
zit dopravy. Praha ma ale k dispozici mohutny zdroj dat, kterym
je 108 dopravnich detektori monitorujicich dopravu ve strate-
gickych mistech site.
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But even other possibilities
how to carry out partial changes
in the road network reducing the
problems exist. For example, the
columns on Svatovitskd Street
are significantly affected by the
pedestrian crossing of the
Vitézné Namésti roundabout.
Random columns at the Bar-
randov Bridge are influenced
even by the delayed sorting of
vehicles to lanes from Stra-
konickd Street to Modranska
Street, where there are less than
200 metres available for this
manoeuvre. Means of traffic te-
lematics also exist in addition
to classical traffic-engineering
measures; they should be imple-
mented expeditiously.

One of the not completely
resolved and even more serious
problems is the fact that such an
extensive system did not have
traffic control scenarios prepa-
red. The Police at the Main
Traffic Control Centre has been
catching up with this deficiency
since the opening to traffic by
reducing the green light inter-
vals at several interchanges (5.596 Mozartova Street — Duskova
Street, 5.559 RadlickaStreet — Barrandov Bridge, etc.). Traffic
is controlled only manually on the basis of assessing the traffic
situation by cameras; its quality depends even on operator’s
experience.

A serious problem requiring quick solution is posed by
delays of mass transit lines on several routes. The graph of tra-
vel times on Strakonicka Street is presented in Fig. 10. It shows
that the travel time during the morning rush hour was longer by
14.5 minutes in comparison with the free traffic operation,
when the section was passed in 5.3 minutes. After opening the
CTB to traffic the travel time during the morning rush hour,
which takes even longer, extended to 19 minutes. Enlarging the
width of the exclusive lane for public mass transport is under
consideration on Strakonickd Street.

The average travel times of urban mass transit buses in the
Cinska Street — Dejvicka Street section grew similarly. It fol-
lows from the graph for November that the individual traffic
got slightly reorganised and a four-minute delay manifests
itself mainly during the afternoon rush hour (see Fig. 11).

CONCLUSION

The Blanka complex of tunnels is an exceptional piece of
work which was ranked among 27 world’s complex underg-
round structures published in the PIARC document [9]. Such
the work has to be monitored from the aspect of sustainability
at all three components in terms of the social benefit, environ-
mental benefits and financial benefit of the project. If we focus
our attention on the financial profitability of the project, long-
term monitoring of the impact of the project on traffic in the
city has to be the basis. It is shown in this paper that the assess-
ment of traffic quality cannot be based only on measuring the
traffic flow volume. But Prague has got a mighty source of data
available in the form of 108 traffic detectors monitoring traffic
in strategic locations of the road network.
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V &lanku je ukdzan i moderni pristup v hodnoceni LOS vyu-
Zivajici plovoucich vozidel, ktery je vhodny pro komparativni
analyzu porovndvajici v absolutnich Cislech zkraceni, ¢i pro-
dlouzeni jizdnich dob. Pomoci téchto dat je mozné monitorovat
jakykoli vyznamnéjsi segment dopravni sité. Provést takovouto
analyzu nejde jiZ jen s vyuzitim studentu na zdkladé entusiasmu,
ale je nutné tomu vénovat ¢as experta.

Ze viech dosavadnich vysledku plyne, ¢ TKB mé vyznam-
né pozitivni vliv na prepravu v okoli Méstského okruhu a ve
svych dusledcich na celé mésto. Pro zvySeni relevantnosti
tohoto tvrzen{ je nutné, aby Magistrdt hl. m. Prahy premyslel
o tvorbé ,,cenového* modelu dopravy, ktery by cenu za prajezd
dopravni siti vyjadfoval ve finanénim ekvivalentu a sledoval
dlouhodobé pozitivni déinek dokoncovani téchto staveb na
Zivot obyvatel.

Tunelovy komplex Blanka, resp. celou budovanou severoza-
padni ¢ast MO, nelze z dopravné-inzenyrského hlediska hodno-
tit jako jednotlivou stavbu, ale pouze jako souldst nadrazené
sit¢ pozemnich komunikaci hlavniho mésta Prahy. Méstsky
okruh nikdy nebyl navrhovan pro tranzitujici dopravu tak, jak se
&ast okruhu ve sméru severo-jiznim vyuZzivd, coZ zpusobuje
i dil¢i problémy.

Cilem celkové prestavby komunika¢ni sité mésta je vybudo-
vat Méstsky okruh a Silni¢ni okruh kolem Prahy jako nadfaze-
nou a technicky vybavenou sit komunikaci, kterd by na sebe
svou atraktivitou soustfedila pfevdznou ¢dst veskeré automobi-
lové dopravy. Zaroven s tim musi umoznit i dopravné vyhovu-
jici navdzani na vstupy statni silni¢nf sité¢ do dzemi mésta.

prof. Ing. PAVEL PRIBYL, CSc., pribypav@fd.cvut.cz,
FD CVUT

Recenzovali: prof. Ing. Juraj Spalek, Ph.D.,
Ing. Pavel Sourek

Cldnek vznikl v ramci projektu HADES technologické agentu-
ry CR (TA03030491). Statistiky chovdni rozsdhlych flotil vozidel
ze systému RODOS byly pripraveny a zpracovdny diky
Ing. Jirimu Novobilskému a Ing. Hynkovi Masatovi ze spolec-
nosti CE-Trafic, a.s., za coZ jim patii dik.
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The paper in addition shows the modern LOS assessment
attitude using Floating Cars. It is suitable for a comparative
analysis comparing the reduction or extension of travel times in
absolute figures. Using this data, it is possible to monitor any
more significant segment of the transport network. Carrying
out such the analysis is no more possible using students on the
basis of enthusiasm. It is necessary to dedicate the time of
experts to it.

It follows from all results obtained to date that the CTB sig-
nificantly positively influences transport in the area nearby the
City Circle Road (CCR) and, in its consequences, the entire
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a “pricing” model of transportation which would express the
cost of the transit via the transportation network in a financial
equivalent and would observe the positive effect of completed
projects on the lives of residents in the long term.

The Blanka complex of tunnels, respectively the entire north-
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ture from the traffic engineering point of view, only as a part of
a higher-ranking network of roads in the City of Prague. The
City Road Circle has never been proposed for transit traffic,
which is the way in which a part of the road circle is used in the
north-southern direction, causing even partial problems.

The objective of the overall reconstruction of the urban road
network is to develop the City Circle Road and the Prague City
Ring Road to form a higher-ranking and technically well equ-
ipped road network which would concentrate the major part of
all automobile transportation on itself owing to its attractive-
ness. In addition it has to allow linking of the state road net-
work to the area of the city adequate in terms of traffic.
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FOTOREPORTAZ Z MIST KONANI EXKURZI PORADANYCH
V RAMCI KONFERENCE PODZEMNI STAVBY PRAHA 2016

PICTURE REPORT FROM THE LOCATIONS WHERE EXCURSIONS
ORGANISED WITHIN THE FRAMEWORK OF THE UNDERGROUND
CONSTRUCTION PRAGUE 2016 CONFERENCE WILL BE MADE

foto | photo cnu‘rl;xy of Jifi Prufina
Obr. 1 D8 — hotové definitivni osténi a cementobetonovy kryt vozovky tunelu
Radejcin

Fig. 1 D8 — completed final lining and concrete cover of the roadway in the
Radejcin tunnel
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foto | photo courtesy of JiFi PruZina
Obr. 2 D8 — pohled z portdlu tunelu Radejcin na budovany ddlnicni most mezi
tunely
Fig. 2 D8 — a view from the portal of the Radejcin tunnel toward the motor-
way bridge under construction between the tunnels

Jfoto | photo courtesy of Josef Husdk

Obr. 3 D8 — letecky pohled na zdval
Fig. 3 D8 — an aerial view of the collapse

. foto ! photo courtesy of Jakub Karlicek
Obr. 5 TKB - odstavny zdliv v Bubenecském tunelu

Fig. 5 Blanka complex of tunnels — breakdown bay in the Bubenec tunnel

foto | photo courtesy of Jan PruZina
Obr. 4 D8 — ocelovd nosnd konstrukce levého mostu mezi tunely
Obr. 4 D8 — steel load-bearing structure of the left-hand bridge between the tunnels

foto | photo courtesy of Jakub Karlicek

Obr. 6 TKB - provoz v Brusnickém tunelu
Fig. 6 Blanka complex of tunnels — traffic in the Brusnice tunnel
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foto | photo courtesy of Jan Tatar
Obr. 8 Tunel Ejpovice — ocelovd konstrukce tunelového pasu a otocného
ramena pro vysyp rubaniny na mezisklddku
. R . Fig. 8 The Ejpovice tunnel — the steel structure of the tunnel belt conveyor
Obr. 7 Dispecink tunelu na Strahové ° JP . R ) . f . . Y
X ! L and the slewing arm for unloading muck to the intermediate stockpile
Fig. 7 Traffic management centre in Strahov

foto | photo courtesy of Jan Tatar
Obr. 9 Tunel Ejpovice — smontovany tunelovaci stroj Viktorie na vjezdovém portdlu

foto | photo courtesy of Jan Tatar
Obr. 10 Tunel Ejpovice — pohled na pripravenou feznou hlavu ve startovacim luzku
Fig. 10 Ejpovice tunnel — a view of the cutterhead prepared on the launch cradle

Fig. 9 Ejpovice tunnel — assembled Viktorie TBM at the entrance portal

foto I photo courtesy of Viiclav Andél
Obr. 11 Tunel Ejpovice — pohled na hotovy tunel ze segmentového osténi
Fig. 11 Ejpovice tunnel — a view of the finished segmentally lined tunnel
Obr. 12 Portdly §toly Josef
Fig. 12 Portals of the Josef gallery

B foto . photo t{ue.\'y of Dana va.\'kzi
Obr. 13 Stola Josef — studenti FSvy pri vyuce v podzemi
Fig. 13 Josef gallery — students of the Faculty of Civil Engineering being

educated in the underground

foto | photo courtesy of Dana I’::urslm’
Obr. 14 RozrdZka s experimentem Mock-Up Josef
Fig. 14 Gallery stub housing the Josef Mock-up experiment
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m Vodorovné vrtani propojek tunelu metra v Neapoli

V Neapoli se stavi prodlouzeni trasy 1 metra, které je plano-
vdno jako okruzni linka. Z budouciho okruhu délky 25 km je
v provozu udsek 13,5 km se 14 stanicemi a dokoncuje se pro-
dlouzeni délky 5,3 km s péti stanicemi. Tratové tunely
S vnitfnim prumérem 5,85 m s osovou vzddlenosti priblizné
11 m byly provedeny razicim strojem. Na tomto novém tseku
je planovano 16 propojek, jejichz hlavnim dcelem je odstrane-
ni pistového efektu vyvolaného prujezdy souprav metra.

Mimoradnou skutecnosti je, Ze pro razbu propojek byla pou-
Zita technologie vodorovného vrtani s rozSifovanim pilotniho
vrtu, tedy technologie doposud pouzivand hlavné pfi mechani-
zovaném hloubeni Sachet. Pfiznivé byly geotechnické podmin-
ky, tedy pokud se tyka homogenity prostredi, protoZe razba pro-
bihala ve Zlutém neapolském tufu, ale 20 az 30 m pod hladinou
podzemni vody. Pro konsolidaci prostredi a sniZeni pritoku pod-
zemni vody byly kolem vSech budoucich propojek vytvoreny
z jednoho z tratovych tunelti pomoci injektdZe obdlky proinjek-
tované horniny tl. 4 m.

Segmenty v okoli prostupu propojky do tratového tunelu byly
prikotveny do horniny do¢asnymi kotvami Dywidag & 26,5 mm,
které byly vkldddny do vrtu & 100 mm zasahujicich do horniny
asi 3 m za rub osténi. Pro vyfiznuti otvoru v segmentovém osté-
ni se pouzily diamantové ndstroje.

Z jednoho tratového tunelu byl pak vyvrtan pilotni vrt, do kte-
rého se vsunulo unéSeci souty¢i. Na néj se v druhém tunelu
namontovala na kolejovém podvozku privezend fezna hlava
o pruméru 3,5 m vazici 12 t osazend 12 feznymi néstroji.
Rozru$end hornina, kterd vypaddvala za feznou hlavu, byla
odsdvédna do kontejnerovych vozu pristavenych po kolejich na
misto razby.

Po instalovani hydroizolace a montdZi ocelové vyztuze se do
pripraveného bednéni vybetonovalo osténi tl. 250 mm. Nakonec
se odrizly hlavy docasnych kotev a vyspravil se povrch seg-
mentu.

m Razici stroje do skalnich hornin se vraceji do Norska

Jednokolejnd trat’ z Osla do Bergenu dlouhd 492 km vede
krasnou krajinou a je turisticky atraktivni v 1été€ i v zimé, ale jeji
dopravni kapacita je jiz delsi dobu nedostate¢nd. Plati to zejmé-
na o poslednim tdseku mezi méstekem Arna a Bergenem. Usek
je z nejvetsi Casti tvoren 7,7 km dlouhym tunelem pod hrebe-
nem Ulriken, ktery byl uveden do provozu v roce 1965. Ten je
hlavni pfekdZkou rostoucim poZadavkum na piiméstskou dopra-
vu osob i ndkladni dopravu vyplyvajici z postupujici industria-
lizace Bergenu, ktery je navic vyznamnym pristavem a druhym
nejveétsim méstem Norska.

Proto se norské Zeleznice rozhodly vyrazit soubézné se starym
tunelem ve vzdalenosti cca 30 m tunel novy a tim od Arna do
Bergenu trat’ zdvojkolejnit. Prechod z jednokolejky na dvojkolejny




provoz vyfesi nova stanice v Arna. Mezi obéma tunely bude
vyrazeno 16 propojek.

Geotechnické podminky jsou velmi dobfe zndmé z razby sta-
rého tunelu — pri razbé bude vétSinou zastiZzena mdlo porusena,
pevnd a tvrda zula, jen v malém tuseku pod nejvyssim 600 m
vysokym nadloZim se o¢ekava tlacivé prostredi. Masiv je dobre
odvodnén stavajicim tunelem.

Bylo by to idedlni prostfedi pro metodu Drill and Blast, ale
potieba nevystavit intenzivné provozovany tunel G¢inkum trha-
cich praci vedla znovu po tficeti letech k nasazeni TBM.
V soutéZi mohli uchazeli nabidnout obé technologie, ale
i z hlediska ceny zvitézila razba otevienym TBM uréenym do
skalnich hornin. Dodavatelem se stalo sdruzeni norské Skansky
a rakouského Strabagu. Firma Herrenknecht dodala stroj
o pruméru hlavy 9,33 m, které je osazena 62 ks valivych dlat.

Pomoci Drill and Blast se jiz vyrazilo 746 m tunelu od nové
stanice v Arna o profilu az 300 m?. Do néj bude zausténo sta-
niéni kolejist¢ a budou v ném prfislusné vyhybky, kfiZeni
a rozplet trati do dvou tuneli. V rdmci této razby se také pfi-
pravila startovaci komora pro TBM. Stroj byl smontovéan pred
portdlem a ndsledn€ byl do hory zataZen.

Predpoklddé se maly rozsah zabezpeCovani vyrubu pii razbé
TBM (svorniky, ev. kotventi, a stiikany beton). Definitivni osté-
ni bude vybudovéno aplikaci polyethylenové pény (tepelnd izo-
lace u portdlu) a stifkaného betonu.

Novy tunel md byt zprovoznén zadatkem roku 2020, pak pro-
béhne rekonstrukce starého tunelu. S dvojkolejnym provozem
se pocita v roce 2021.

m Podzemni parking v historickém podzemi Neapole

Podlozi mésta Neapole tvori sope¢né horniny, predevs§im
mohutna vrstva sopeéného tufu. Ten vynikd fadou vyhodnych
vlastnosti — je dobfe rozpojitelny a opracovatelny, ma nizkou
objemovou hmotnost i nizkou tepelnou vodivost a prostory
v ném vyhloubené &i vyrazené prokazuji vybornou stabilitu.

Neni proto prekvapivé, Ze pod Neapoli v minulosti vznikly
rozsdhlé podzemni prostory. Prvni vytvareli od roku 470 pred
Kr. zde se usazujici Rekové. Diivodem bylo zajisténi vody pro
vznikajici mésto. Vylamovali podzemni cisterny pro jimani
destové vody a razili propojovaci &i privodnd podzemni dila.
Soucasné zacali vytézeny tuf vyuZzivat pro stavbu domu.

Takto vznikly voddrensky podzemni systém se mohutné roz-
vinul v fimské dob¢ i v dalSich staletich. Vznikla husta sit'tune-
1u a cisteren ¢asto velkych rozméru.

Postupné ale vznikala také fada podzemnich prostor, ve kte-
rych obyvatelé tézili materidl na stavbu svych domu, velmi
Casto pfimo pod stavebni parcelou. Aktivity stavebnika musela
pocatkem novoveku regulovat méstskd rada a zabranit tak cha-
otickému a nebezpecnému rozvoji podzemi tézby.
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Kaverny byly vylamovédny od shora dolu. Jejich vrchol (piis-
tropf) mélo tvar gotické klenby a vyrub se smérem dolu rozifo-
val a postupné prechdzel do svislych stén.

Pak v roce 1853 prikédzal neapolsky kral Ferdinand I. Bour-
bonsky vybudovat podzemni tnikovou cestu ze svého paldce
v centru mésta smérem k pristavu. Bdl se pouli¢nich boufi, které
propukaly stdle Castéji. Pfitom se propojila a vyuzila fada exis-
tujicich podzemnich dél. Unikovd cesta vyustila u neapolského
pristavu.

Zanik podzemniho vodérenského systému postupné budova-
ného a vyuzivaného v obdobi del§im neZ dva tisice let zpusobi-
la epidemie cholery, kterd v Neapoli vypukla v roce 1885. Stary
systém zdsobovani mésta vodou z podzemnich cisteren byl
nahrazen nové vybudovanym vodovodem z pramenist mimo
mésto. Obyvatelstvo s radosti zacalo vyuZivat historické podze-
mi pro ukldddni odpadu vSeho druhu.

Za druhé svétové vilky bylo podzemi adaptovano na ukryty
obyvatelstva, v fadé pripada se musely vybudovat nové vstupy.
Po skonéeni vdlky i z duvodu naprostého nedostatku dopravnich
prostfedku a pohonnych hmot slouZilo podzemi opét jako skldd-
ka, tentokrat pro sut’ ze zni¢eného mésta. ObcCas se musely Tesit
lokdlni propady stropu kaveren zpusobené vétSinou prusaky
z netésné kanalizace a vodovodnich rozvodu.

Nové vyuziti velkych podzemnich prostor inicioval rozvoj
automobilismu a z toho plynouci naprosty nedostatek parkova-
cich mist v ulicich v centru mésta. Od roku 2004 se zacalo TeSit
vyuziti velké podzemni kaverny Morelli pro vybudovani pod-
zemniho sedmipodlaZzniho parkingu pro 480 vozu. Zdmér vyus-
til ve stavbu 14 parkovacich modult umisténych do nepravidel-
ného pudorysu kaverny s tim, Ze vétSi ¢dst bude tvorit automa-
ticky rotac¢ni parkovaci systém.

Po nutnych pruzkumech a vyraZeni pristupovych tunelu
ndsledovala tprava prostor a zajiS§téni jejich stability. Stény
a pristropi v&etn€ vrcholu kaverny byly zajistény svorniky, sva-
fovanou siti a stifkanym betonem. Podle potfeby se providdéla
injektaz nebo se pouzily i pfihradové nosniky.

Od roku 2006 probihala stavba a postupné uvadéni parkova-
cich modula do provozu.

m Strategie staveniStniho pruzkumu pro stavbu tunelu (ITA

WG2)

ITA-AITES publikovala v roce 2015 na svych webovych
strankdach www.ita-aites.org priru¢ku Strategy for Site
Investigation of Tunnelling Projects, kterou pripravila pracovni
skupina ITA WG 2 — Vyzkum. Text je vysledkem snahy meto-
dicky shrnout vyznam prizkumu pro sniZenf{ rizik pfi provadéni
tunelovych staveb. V pfiloze 2 prirucky jsou uvedeny priklady
prizkumu pro ruzné druhy podzemnich staveb.

Ing. MILOSLAV NOVOTNY, mila_novotny@volny.cz

PRISTUPOVE TUNELY SATRA A SKARHOLMEN, STOCKHOLM, SVEDSKO
SATRA AND SKARHOLMEN ACCESS TUNNELS, STOCKHOLM, SWEDEN

Subterra a.s. in a consortium with STI, a Slovakia-based
firm, is currently realising the construction of the Skdrholmen
access tunnels for Trafikverket, the Swedish public investor.
The tunnels will be parts of the future Stockholm by-pass
road. The project comprises two separate tunnels, Sétra and
Skédrholmen (see Fig. 1), each with the cross-sectional area of
80m? and the length of ca 500m. These so-called “working
tunnels” will be used, together with a temporary cargo harbour

on Milaren lake, which is also part of this project, for remo-
ving muck during the excavation of the main tunnelled part of
the future by-pass road. The Drill and Blast technique, which
is often used in the Nordic countries, is applied to the exca-
vation of the tunnels. The work on the cut-and-cover parts of
both Sitra and Skidrholmen tunnels commenced already in
May 2015 and was finished as early as February 2016. The
first blasting at the Skdrholmen tunnel portal (see Fig. 2) and
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M 5o o v foto | photo courtesy of Ing. Dalibor Cendik
Obr. 1 Tunel Skdirholmen, zahdjeni raZeb " oot

Obr. 1 The Skirholmen tunnel, commencement of tunnelling

the commencement of the work on the Sitra portal took place
on 11™ January 2016. The mined parts of both tunnels should
be finished by the end of 2016.

Subterra a.s. ve sdruZeni se slovenskou firmou STI
v soucasné dobé realizuje pro §védského verejného investora
Trafikverket vystavbu pristupovych tunelu Skirholmen, které
jsou soucasti budouctho silni¢niho obchvatu Stockholmu.

Projekt zahrnuje dva samostatné tunely Sétra a Skirholmen
(obr. 1), kazdy z nich m4 profil cca 80 m? a délku cca 500 m.
Tyto tzv. pracovni tunely budou spolu s provizornim ndklado-
vym pristavem na jezefe Milaren, ktery je téZ soucdsti tohoto
projektu, vyuzity pro odtéZeni rubaniny pri razbé hlavni tune-
lové ¢asti budouciho obchvatu.

Prace na tunelech probihaji ve vrstevnatych blokovitych
ruldch s Cetnymi poruchami a z téchto duvodu je pro razby
tunelti pouzita na severu velmi vyuZivand technologie ,,Drill
and Blast“. Po navrtan{ a odpalu Celby a po odtéZeni rubani-
ny se provadi strojni a ruéni obtrhan{ profilu, v pfipadé potre-
by se osadi svorniky. S odstupem od cCelby se podle zastiZzené
geologické tridy provadi ndstfik dratkobetonem tl. 100 mm
a také systémové zajisténi profilu SN svorniky dl. 4—6 m jako
definitivni vyztuzi. V soucasné dobé se dokonce osazuji
i zelezobetonova zebra. Soucdsti razby je rovnéZ cementova
injektaz predpoli, ktera je nezbytnd pro zajistén{ stability hor-
ninového masivu i pro zamezeni prusaku podzemnich vod.
Celo vyrubu b&Zné nebyvé zajistovino, dbd se oviem na
maximdlni miru obtrhdni celého profilu, a to i zpétné od
Celby k portdlu. Tento postup razby se oznacuje terminem
,skandindvska metoda‘.

”W. -I.‘i‘."'

foto | photo courtesy of Ing. Dalibor Cencik

Obr. 2 Prvni odpal na tunelu Skirholmen
Obr. 2 The first firing in the Skdrholmen tunnel

Préce na hloubenych ¢astech obou tunela Sitra a Skidrholmen
byly zahdjeny jiz v kvétnu 2015 a ke konci tnora 2016 jiz byly
dokonceny. Dne 11. ledna 2016 byl proveden prvni odpal na
portalu tunelu Skérholmen (obr. 2) a rovnéz byly zahdjeny
prdce na portdlu Sitra. RaZené &ésti obou tunelt by mély byt
hotovy do konce roku 2016.

Pfi realizaci pristupovych tunell je vyuZivdna fada specia-
lizovanych stroju, jako jsou napf. nabijeci vuz pro praci
s emulzni trhavinou, injektdZzni sestava, a pro odtézeni mate-
ridlu kolovy naklada¢ Caterpillar 980H a dumpery Bell B25.
Pro vrtaci price je vyuzit posledni model Atlas Copco
Boomer WE 3, tfilafetovy stroj, ktery je plné vybaven pro-
gramy pro fizené vrtani a také automatické nastavovani vrta-
cich tyéi, coz vyzaduji mistni predpisy. Timto strojem se pro-
vadéji az 24metrové vrty. Pro osazovéni svorniku definitivn{
vyztuze slouZzi pracovni plosina Normet Scandinavia, pro stfi-
kany dratkobeton stroj Meyco Potenza a pro strojni obtrhava-
ni profilu pak Liebherr 924 s vysuvnou kabinou.

Ing. JAN VINTERA, Subterra a.s.

REKONSTRUKCE TUNELU ALTER KAISER WILHELM, COCHEM, NEMECKO
RECONSTRUCTION OF THE ALTER KAISER WILHELM TUNNEL, COCHEM, GERMANY

The Alter Kaiser Wilhelm (AKWT) tunnel is 4205m long.
This approximately 140 years old tunnel is located on the
Koblenz — Perl railway track between the town of Cochem and
the municipality of Ediger-Eller in the Federal Republic
Rhineland-Palatinate. It was officially brought into service in
August 1879. The rail line was electrified in 1974. With its
length of 4205m, the AKWT was the longest railway tunnel in
Germany until 1974. The main content of the reconstruction,

which was started by Subterra a.s. in mid-2014, lies in the
incorporation of a new water retaining reinforced concrete
final lining into the original AKWT lining. To this end, the
existing masonry vault will be re-profiled. The new final
lining will be 40cm thick as a minimum. The tunnel bottom
depth will be enlarged by ca 1.5m; the existing drainage sys-
tem will be replaced with a new one. Both historic listed por-
tals with stone female eagles will be preserved and subjected



to rehabilitation. The planned completion date for the final
lining is, according to the contract programme, September
2016.

Tunel Alter Kaiser Wilhelm (AKWT) ma délku 4205 m a
lezi na Zelezni¢ni trati Koblenz — Perl mezi méstem Cochem
a obci Ediger-Eller ve spolkové zemi Poryni-Falc a jeho stari
je priblizné 140 let. Jeho vystavba zacala v roce 1874 ze stra-
ny portdlu Eller, o tfi mésice pozdéji ze strany portdlu
Cochem. Prordzka probéhla v roce 1877, ve stejném roce byla
vybudovdna obezdivka tunelu z kamenného rddkového zdiva.
Do provozu byl tunel oficidlné uveden v srpnu 1879 (zpro-
voznéni tratového tseku). V roce 1974 byla trat’elektrifikova-
na. Az do roku 1988 byl AKWT se svoji délkou 4205 metrt
nejdel$im Zelezni¢nim tunelem v Némecku.

Hlavni obsah rekonstrukce, kterou zahdjila spolecnost
Subterra a.s. v poloviné roku 2014, spocivd v zabudovani no-
vého definitivniho osténi z vodonepropustného Zelezobetonu
do puvodni obezdivky AKWT. Za timto téelem bude stavajici

foto | photo courtesy of Ing. Jan Frantl
Obr. 2 Tunel AKWT, armovdni definitivniho osténi tunelu
Fig. 2 Tunel AKWT, placement of final tunnel lining reinforcement
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. fon / poto courtesy of Ing. Jan Frantl
Obr. 1 Tunel AKWT, oSetrovaci vozy na betondzi definitivniho osteni

Fig. 1 Tunel AKWT, traveller scaffolds for treating final tunnel lining
concrete

zdénd klenba plosné reprofilovana. Minimalni tloustka nové-
ho definitivniho osténi je 40 cm. Dno tunelu bude prohloube-
no o cca 1,5 m, stavajici nefunkéni systém odvodnéni bude
nahrazen novym. Oba historické, pamatkové chranéné porta-
ly s kamennymi orlicemi, budou zachovény a bude provedena
jejich sanace.

V dobé psani prispévku, tj. ke konci tunora 2016, probihd na
stavbé v soubehu realizace vSech hlavnich pracovnich opera-
ci (obr. 1, 2). Profila¢ni price jsou provedeny v témér celém
rozsahu tunelu, zbyva dokoncit poslednich cca 400 m. Razba
spodni klenby je dokoncena priblizné ze 75 %, predpoklad
dokonceni razi¢skych praci je v dubnu 2016. Prace na defini-
tivni obezdivce jsou také v plném proudu, definitiva spodni
klenby je realizovdna z vice nez 50 %, rozpracovanost defini-
tivy horni klenby je v soucasné dobé priblizné 30%.
Planovany termin dokonceni definitivni obezdivky je podle
soucasného smluvniho harmonogramu v zari 2016.

Ing. JAN VINTERA, Subterra a.s.

ZPRAVY Z TUNELARSKYCH KONFERENCI / NEWS FROM TUNNELLING CONFERENCES

21. ROCNIK MEZINARODNIHO SEMINARE ZPEVNOVANI, TESNENI
A KOTVENI HORNINOVEHO MASIVU A STAVEBNICH KONSTRUKCI 2016 V OSTRAVE

21T ANNUAL INTERNATIONAL SEMINAR ON STRENGTHENING, IMPERMEALISATION
AND ANCHORING OF GROUND MASS AND CIVIL ENGINEERING STRUCTURES 2016 OSTRAVA

The 21st annual seminar on Strengthening, Impermealisa-
tion and Anchoring of Ground Mass and Civil Engineering
Structures was held from the 18th to 19th February 2016 in
the New Assembly Hall of the VSB - Technical University
of Ostrava. The event has been traditionally held by the
Faculty of Civil Engineering of the VSB - Technical
University of Ostrava, jointly with the company of Minova
Bohemia s.r.o. This year of the annual seminar was attended
by 170 participants, both from the Czech Republic and abro-
ad (Slovakia, Poland, Bulgaria, Sweden). The negotiations
of this year’s seminar were held under the leadership of pro-
fessional guarantors Prof. Aldorf, Ing. Kucera and docent
HrubeSovd, as opposed to previous years, in connection
with the check made on deep coal mining in the Czech

Republic, only in one section, which covered both geotech-
nical and coal mining issues.

V terminu 18.—19. tinora 2016 se konal v Nové aule VSB-
Technické univerzity v Ostravé 21. ro¢nik seminare Zpev-
novdni, tesneni a kotveni horninového masivu a stavebnich
konstrukci, ktery tradi¢né porddd Fakulta stavebni VSB-TU
Ostrava spole¢né s firmou Minova Bohemia s.r.o. Leto$niho
roéniku semindfe se zilastnilo 170 zdjemct jak z Ceské
republiky, tak i ze zahrani¢i (Slovensko, Polsko, Bulharsko,
Svédsko). Ucastniky z firem i vysokoskolskych a vyz-
kumnych pracovist’ privitali v ivodu semindfe zastupci orga-
nizatort i zastupce Ceské tunelafské asociace Ing. Pruskova,
Ph.D. a Ceského baiského tfadu Ing. Bc. Hroch. Pod
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vedenim odbornych garanti semindre prof. Aldorfa, Ing. Ku-
Cery a doc. HrubeSové probihalo jedndni letoSniho semindre
na rozdil od predchozich ro¢nikua v souvislosti s dtlumem hlu-
binného hornictvi v CR pouze v jedné sekci, kterd zahrnovala
problematiku jak geotechnickou, tak i hornickou. V predséli
semindrfe rovnéz predstavili formou technické vystavky svou
¢innost a produkty firmy Subterra a.s., Strix Chomutov
a poprvé v dosavadni historii semindre se §ifeji predstavil
v oblasti specidlniho zakldddni, sanaci skalnich svahu
a instalace dynamickych bariér koncern Swietelsky, ktery ma
zdjem uplatnit se na nové pripravovanych stavbiach v Ceské
republice.

V oblasti hornické problematiky ucastniky semindfe jisté
zaujal hned tvodni pfispévek autort z OKD a. s. predneseny
Ing. Mazalem, ktery na zdkladé prezentovanych praktickych
prikladu durazné apeloval na respektovéni platnych projekta
a hornickych zdsad pro razbu dulnich dél s cilem optimalizo-
vat ndklady na razbu a minimalizovat ndklady na nésledné
zmahdéni dila. Problematikou prechodu presmykového pdsma
dobyvaci metodou chodba-pilif s vyuZitim kombinace kotve-
ni a injektaZze v OKD a. s. se zabyval prispévek Ing. Dvoraka
z firmy Minova Bohemia s.r.o. a kolektivu autoru z firmy
OKD a. s. Ing. Kfiz z firmy Diamo informoval ve svém pris-
pévku o vyuziti kotveni pri likvidaci jamy Jindfich II ve
Zbysove, pri¢emz ukdzal prinos aplikovaného reseni i z hle-
diska moznosti kontroly hladiny dulnich vod v celé oblasti
rosicko-oslavanské uhelné panve. Porovnanim vlastnosti
a funkénosti ocelové mriizoviny a nového typu mfiZoviny ze
skelnych vldken pro pouZiti nejen v hornickém stavitelstvi se
zabyval ve svém prispévku Ing. Polus z polské firmy Novum
Servis. Zastupce firmy Geofinal s.r.o. Ing. Rusz informoval
v piispévku, ktery zpracoval spole¢né s firmou THK-Cechpol
s. I. 0., 0 vyhodach vyuZiti nové vyvinuté hydraulické vrtac-
ky ANDRIBOT pro zjednoduseni, zkvalitnéni a zrychleni
vrtnych praci pfedev§im v dulnim prostiedi. Vrtatka AND-
RIBOT je umisténa na pasovém podvozku, je mald, kom-
paktni, s nizkou energetickou ndro¢nosti, vysokou tc¢innosti
a schopnosti vrtat vemi sméry. Pfispévek autort Ing. Star-
zyczneho (Fosil Partner a. s.) a doc. Stiuparka (Ustav geoni-
ky AV CR, v.v.i.) se zabyval problematikou testovani tinos-
nosti svorniku kotvenych po celé délce v podminkédch seve-
ro¢eské uhelné panve. Realizované zkousky in-situ potvrdily
fakt, Ze nejslabSim c¢lankem z hlediska pevnosti ukotveni
svorniku je vazba mezi kotevnim prvkem a horninovym pro-
stredim. Zévislost dnosnosti tmelenych svorniki na mecha-
nickych vlastnostech prostredi dokumentoval na zdkladé pre-
zentovanych vysledku experimentdlnich laboratornich zkou-
Sek i prispévek kolektivu autorti z VSB-TU Ostrava predne-
seny doc. Vojtasikem. Kolektiv autori Ing. Skopik (OKD
a.s.) aIng. Cada, Ph.D. (Minova Bohemia s.r.0.) se ve svém
prispévku vénoval zkuSenostem s vyuZzivanim technologie
délkovych rozvodu injekénich technologii (long distants
injection technology) a vyvojem této technologie v pod-
minkdch OKD a. s. Matematickym modelovdnim stability
uhelnych pilifu pfi dobyvani metodou chodbicovani pod
zavérnymi svahy povrchovych hnédouhelnych dolu v se-
vernich Cechdch se zabyval prispévek autorti Ing. Duris,
Ph.D. (VSB-TU Ostrava) a doc. Stuparek, (Ustav geoniky
AV CR V.v.i.).

Ing. Cigler (Minova Bohemia s.r.0.) prednesl zajimavy pris-
pévek tykajici se problematiky vystavby a utésnovani funkéni-
ho fyzikdlniho modelu tésnici a tlakové zatky realizovaného

Obr. 1 Zahdjeni konference
Fig. 1 Opening of the conference

v Regiondlnim podzemnim vyzkumném centru Josef s vyuzitim
polyuretanovych pryskyfic CarboPur WF a WFA a pryskyfic
Purinjekt. VyuZitim zavrtdvanych ty¢i a polyuretanové injekta-
7e pri prochdzeni oblasti s vyskytem nezpevnéné haldoviny
zastizené pri razbé kanalizacni Stoly se zabyval prispévek
Ing. Franczyka, Ph.D. a Ing. Fryce (Porr a. s.). Zna¢nd ¢ast pris-
pévku se vénovala problematice rekonstrukei tunelt (Rigelsky
tunel, Sedlejovicky tunel, Harachovsky tunel), které prednesli
zastupci firem Minova Bohemia s.r.o., AMBERG Engineering
Brno, a.s. a Prominecon CZ a.s. Problematikou aplikace ko-
tevnich prvka pfi razbé novych tunelta Ovéiarsko a Visnové na
Slovensku se zabyval prispévek autoru z firmy Uranpres.
Teoreti¢tejsi charakter méla v oblasti tunelovani prednaska
Ing. Tuana z CVUT v Praze, kterd byla vénovana problemati-
ce vypoctu poklesovych kotlin nad modelovym tunelem. Zds-
tupce firmy Minova Ekochem S.A. z Polska Ing. Wezik infor-
moval o vlastnostech a vyhoddch vyuziti stfikané izolace
Tekflex DS-W pro izolaci tuneld. S moZnostmi vyuziti trha-
cich praci malého rozsahu a zajisténi svahu a skalnich stén pfi
rekonstrukci silnice ve sloZitém horském terénu na Slovensku
obeznamil dcastniky seminare prispévek Ing. Svréiny (Minova
Bohemia s.r.o.) a Ing. Kolesdra (Orica Slovakia s. r. 0.).
Zajimavou rekonstrukci mostu s vyuzitim kotevni organicko-
minerélni pryskyfice GEOFLEX pro sanaci mostnich pilifu
uvedl ve svém prispévku Ing. Grossmann (Minova Bohemia
s.r.o.). Na prezentované rekonstrukci poukazal na vhodnost
vyuZiti této kotevni smési na predmétné stavbé z duvodu jeji
kratké reakéni doby, odolnosti proti rozplavovdni a velmi
dobré pridrznosti i k mokrym povrchim. Pfi této rekonstrukci
mostnich pilifa byla pro vyvrtdni kotevnich otvort vyuZita
diamantovd technologie aplikovana firmou BBC-Soun
S.T. 0. Zastupce jmenované firmy sezndmil dCastniky semind-
fe i s dal§imi moZnostmi vyuziti diamantové technologie pro
jadrové vrtani i fezani diamantovymi pilami na dalSich refe-
ren¢nich stavbach. Velmi zajimavy prispevek tykajici se apli-
kace PUR injektdZe hornin v extrémnich geologickych pod-
minkdch s extrémnimi pritoky vody na Islandu pripravil
Ing. Najder ze Svédské firmy Najder Engineering.

V ramci konferen¢niho programu mély tradi¢né své misto
i prispevky ze zahraniénich akademickych pracovist.
Prispévek prof. Hully a prof. Bedndrové (STU Bratislava) se
vénoval Casovému vyvoji G¢innosti tésnicich prvkad v kvar-
térnich zemindch a neovulkanitech. Kolegové z Fakulty sta-
vebni Politechniky v Gliwicich pod vedenim prof. Bzowky
prezentovali své vysledky v oblasti numerického modelovani




interakce mezi sloupy tryskové injektdZe a okolni zeminou
a v oblasti komparace vlastnosti podloZi dopravnich staveb
ziskanych s vyuzitim statické desky a lehkého deflektometru.
Prof. Gluch z téZe univerzity prezentoval vysledky spolecné-
ho vyzkumu s firmou Jennmar International v Krakoveé
v oblasti nového typu podpérnych stojek.

Na zdkladé prubéhu seminéfe i ohlasu dcastniki probéhl
tento seminar uspésné, zaznéla fada zajimavych a podnétnych
prispévku a diskusi a organizdtori tedy doufaji, Ze byl semindr
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prinosny pro ucastniky z rad firem, vyzkumnych pracovist
a v neposledni tadé i pro udastniky z fad studentd oboru
Geotechnika, ktefi si mohli nejen rozsitit své praktické zna-
losti, seznamit se s ndplni ¢innosti jednotlivych firem, ale rov-
néZ navazat kontakty se svymi pfipadnymi budoucimi zamést-
navateli.

doc. RNDr. EVA HRUBESOVA, Ph.D.,
eva.hrubesova@vsb.cz, Fakulta stavebni,
VSB-TU Ostrava

21. ROCNIK KONFERENCE ZELEZNICNI MOSTY A TUNELY
21STRAILWAY BRIDGES AND TUNNELS ANNUAL CONFERENCE

The 215t Railway Bridges and Tunnels Conference was held
in OlSanka hotel in Prague 3 on Thursday the 218t January
2016. The conference is organised every year by SUDOP
PRAHA a.s. and Railway Infrastructure Administration, state
organisation. Part of the lectures again dedicated to tunnel
structures was marked by reconstruction of railway tunnels
built in the Czech Republic during the time of the Austro-
Hungarian Empire. The reconstruction of such three tunnels,
which was realised last year — the Harrachov tunnel on the
Liberec — Harrachov railway line, the Riegel tunnel on the
Liberec — Cernousy rail line and the Sedlejovice tunnel on the
Turnov — Liberes track (see the paper published in this
TUNEL issue), was introduced in four contributions. Another
contribution brought recent news from the construction of the
Ejpovice tunnels; it can also be found in this issue. Further,
options of the use of fibre-reinforced concrete structures were
presented with an example of segments for the Ejpovice tun-
nel, where both steel and polypropylene fibres were designed.
Stress was placed even on the positive effect of polypropyle-
ne fibres on the fire resistance of structures. Another interes-
ting contribution remains to be mentioned — it is dedicated to
numerical modelling of fires and evacuation of passengers in
railway tunnels, which allows for creating a relatively detai-
led model as early as the design phase.

Ve ctvrtek 21. ledna 2016 se v Kongresovém centru hotelu
Olsanka v Praze 3 uskuteénila konference Zelezni¢ni mosty
a tunely, kterou kazdoro¢né organizuje SUDOP PRAHA
a.s. a Sprdva Zelezni¢ni dopravni cesty, s. o., jako setkdni
sprdveu, investoru, projektanty a stavitelu.

Druhy blok predndsek moderovany Ing. Michalem
Gramblickou byl opét vénovan tunelovym stavbam a nesl se
ve znameni rekonstrukci Zelezni¢nich tunelt vybudovanych
na naSem uzemi je$té za dob Rakouska-Uherska. Ve Ctyfech
prispévcich byly prezentovany rekonstrukce tfi takovych
tuneld, které byly realizovdny minuly rok. Jednalo se o tunel
Harrachovsky na trati Liberec — Harrachov, Riegelsky na

Obr. 1 Konference Zeleznicni mosty a tunely
Fig. 1 Railway bridges and tunnels conference

trati Liberec — Cernousy a Sedlejovicky na trati Turnov —
Liberec (viz ¢lanek v tomto Cisle). Pro kazdy tunel byla
navrzena trochu jind technologie §itd na miru zji§t€énému
technickému stavu tunelu. Celd problematika byla predsta-
vena z ruznych pohledu projektanta, zhotovitele i tech-
nického dozoru stavby.

Dalsi prispévek prinesl aktuality z vystavby tuneld
Ejpovice, které Ize najit také v tomto Cisle. Déle byly prezen-
tovdny moZnosti pouZziti vldknobetonovych konstrukci
s piikladem segmentu tunelu Ejpovice, kde byla navrZzena jak
ocelovd, tak polypropylenovd vldkna. Byl zduraznén
i pozitivni vliv polypropylenovych vldken na poZdrni odol-
nost konstrukci. Zbyvd zminit jesté zajimavy prispévek véno-
vany numerickému modelovéni poZdru a evakuace cestujicich
v zelezni¢nich tunelech, které umoznuje vytvorit pomérné
podrobny model jiZ v projekcni fazi.

Ing. JAN KOREJCIK, Jan.Korejcik@mottmac.com,
Mott MacDonald CZ, spol. s r.o.

CINNOST MEZINARODNIHO VYBORU ,ROAD TUNNEL OPERATION“ (2012-2015)
ACTIVITIES OF THE INTERNATIONAL COMMITTEE ON ROAD TUNNELS (2012-2015)

The international road organisation PIARC deals, in
compliance with an agreement with the ITA-AITES, with
all issues associated with the equipment and operation of
tunnels. Its ,,Road Tunnel Operation“ committee, with
world’s leading experts working in it, has produced nume-

rous documents since 1957. The knowledge contained in
them has been adopted to greater or lesser extent into
Czech technical regulations (technical specifications
TP98, TP154, TP229). The PIARC works in four-year cyc-
les. The last of them was concluded by the 25th World
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Road Congress Seoul in October 2015. The ,,Road Tunnel
Operation“ committee was divided into the following
Working Groups: WG1 — Sustainable road tunnel operati-
ons, WG2 - Integrated road tunnel safety, WG3 -
Influencing user behaviour in tunnels, WG4 — Fire safety,
WG5 - Underground road networks and WG6 -
Knowledge sharing on tunnel operations and safety. The
main output of each WG is a document, which is always
finished before the congress is held.

Mezindrodni silniéni organizace PIARC se zabyva,
podle dohody s ITA/AITES, vSemi otdzkami souvisejicimi
s vybavovdnim a provozovéanim tunelt. Jeji vybor ,,Road
Tunnel Operation®, ve kterém pracuji Spi¢kovi svétovi
odbornici, vyprodukoval od roku 1957 fadu dokumentd.
Poznatky z nich byly, ve vétsi ¢i mensi mite, prejimany do
naich technickych pfedpisa (TP98, TP154, TP229).

PIARC pracuje ve Ctyfletych cyklech, z nichZ posledni
byl ukonéen XXV. kongresem v Soulu v fijnu minulého
roku. Vybor ,,Road Tunnel Operation* byl rozdélen do
nésledujicich pracovnich skupin:

e WGI1 - Sustainable road tunnel operations

e WG2 - Integrated road tunnel safety

* WG3 - Influencing user behaviour in tunnels

* WG4 - Fire safety

* WGS5 - Underground road networks

e WG6 — Knowledge sharing on tunnel operations and

safety

Hlavnim vystupem kazdé WG je dokument, ktery je
dokoncen vzdy do doby kondni kongresu. Dokument pra-
covni skupiny WG1 pod vedenim J. C. Martina z Francie
»SUSTAINABLE ROAD TUNNEL OPERATION -
RECOMMENDATIONS FOR SUSTAINABLE ROAD
TUNNEL OPERATION® majici 58 stran poskytuje pohled
na tunely z hlediska ,,udrzitelného rozvoje*. Tunely jsou
komplexni dila, maji vliv na Zivotni prostfedi, typicka je
dlouha Zivotnost, a proto je otdzka ,,sustainability” zcela
relevantni. Vyzkum ukézal, Ze nékteré zemé maji predpisy
pro hodnoceni tohoto fenoménu, které jiz prinesly kon-
krétni vysledky, ale vétSina zemi se touto otdzkou dosud
nezabyvala. Cilem dokumentu bylo udélat analyzu soucas-
né praxe se zfetelem na koncept udrZitelnosti v ruznych
stadiich doby Zivota tunelu (ndvrh, vystavba, provoz).
Vystupy byly ziskdny diky dotaznikum rozeslanym &len-
skym zemim.

Pracovni skupina WG2 pod vedenim B. Kohla, kterd
v minulém cyklu poloZila zdklad redlné analyzy rizik, se
v tomto cyklu zamérila na zpétnou vazbu a zkuSenosti
s bezpecnosti v tunelech. Vysledkem je technickd zprava
»EXPERIENCE WITH SIGNIFICANT INCIDENTS IN
ROAD TUNNELS*. Dokument o 158 stranach predstavu-
je navod, jak a pro¢ je nezbytné sbirat a vyhodnocovat data
souvisejici s mimorddnymi uddlostmi. Dulezité je také
presné urcit, jakd data se budou sbirat a kdo je za to zod-
poveédny. Aby byla motivace pro sbér dat, je nutné je pec-
livé vyhodnocovat a na tomto zaklad¢ zlepSovat dosavad-
ni bezpecnostni procedury. Ukdzalo se, Ze bez relevantnich
dat je obtizné d¢lat vérohodnou analyzu rizik. V dokumen-
tu jsou i statistické udaje z Ceské republiky ziskané z ce-
lostatniho databdzového systému pro zdznam mimorad-
nych udalosti AZMUT.

Skupina WG3 reSila prostredky pro komunikaci
s uzivatelem tunelu v fddnych i mimoradnych situacich.
Specidlné v pripadé pozaru jsou vesSkeré informace ury-
chlujici evakuadéni proces, byt o par minut, zdsadné duleZzi-
té pro zachranu osob. Dokument ,,IMPROVEMENT OF
SAFETY IN ROAD TUNNELS THROUGH REAL TIME
COMMUNICATION WITH USERS* popisuje chovdni
lidi v kritickych situacich a uvadi priklady mnohdy velmi
iracionalniho chovani daného panikou, ktera vznika pri
mimoradné situaci v tunelu. V hlavni kapitole jsou popiso-
védna jednotlivd zafizeni, od svételnych signdlu, pres pro-
ménné znaCky, zvukové systémy az k nejmodernéj$im
systémum vestavénym ve vozidle. Kazdé zafizeni je tech-
nicky popsdno v jednotné struktufe: k Cemu je urceno
a jaky je oCekavany efekt jeho vyuZiti v mimoradnych situ-
acich typu kongesce, nehoda, ..., pozdr.

Pomérné vétsi diskuse probihaly k dokumentu ,,FIXED
FIRE FIGHTING SYSTEMS IN ROAD TUNNELS: CUR-
RENT PRACTICES AND RECOMMENDATIONS* zpra-
covaném pod vedenim L. Fieldinga. V tvodu se piSe, Ze se
o Fixed Fire Fighting Systems (FFFS), rutinné pouzivany
v zemich jako je Japonsko nebo Austrilie desitky let, zaci-
naji zajimat i nékteré zemé z Evropy a Ameriky. Dokument
se velmi detailné zabyvd FFFS z hlediska legislativy,
Zivotnosti zafizeni nebo cCasto diskutabilnim pomérem
mezi cenou a prinosy. Autofi konstatuji, Ze se nejednd
o ndvody, ale jakéhosi pruvodce po dané problematice.

Skupina WG5S ,,Underground road networks® si dala
nesnadny ukol — identifikovat a analyzovat komplexni
podzemni silniéni struktury, véetné multimodalnich pod-
zemnich prostor, z hlediska jejich provozu a bezpecnosti.
Jako multimodaln{ se berou tunely, kde vozidla sdileji pro-
stor s chodci, vefejnou dopravou, nebo jsou souldsti
dopravniho prostoru i parkovisté. V tomto cyklu se skupi-
na soustfedila na ziskdni databdze, kterou podrobila
dukladné analyze v dokumentu ,,COMPLEX UNDER-
GROUND ROAD NETWORKS, Part A — CASE STUDI-
ES*“. Mezi popisy 27 podzemnich struktur ze 17 zemi je
zafazen i tunelovy komplex Blanka.

Skupina WG6 se snazi §ifit a harmonizovat znalosti
o tunelech zvlasté pro zeme s tzv. prechodovou ekonomi-
kou. Skupina je vedend byvalym prezidentem vyboru
P. Schmitzem, jehoz zasluhou je, Ze existuje manual
o tunelech, ktery provadi ¢tenare technologickym vybave-
nim tunelu, ale feSi i analyzu rizik ¢i chovéni uZivatela
a operatoru, http://tunnelsmanual.piarc.org. Kromé toho,
ze je cely manudl preloZen do CeStiny, je vyjimecny v tom,
ze odkazuje v hyperlinkovych odkazech na originalni kapi-
toly z PIARC dokumentu, které by bylo nutné si jinak
zakoupit.

Dalsi cyklus priace zaCina tradi¢n¢ v Parizi tfidenni
schizkou vyboru D.5 ,,Road Tunnel Operation* konanou
ve dnech 8.—10. brezna tohoto roku, do kterého je jako
fadny ¢len za Ceskou republiku nominovan prof. Pavel
Pribyl. Zde budou diskutovana témata, kterymi se bude
vybor zabyvat nasledujici Ctyfi roky. O vysledcich budou
étenari Casopisu informovani.

prof. Ing. PAVEL PRIBYL, CSc.,
pribypav@fd.cvut.cz,
Fakulta dopravni CVUT v Praze
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AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTION

CESKA REPUBLIKA
MODERNIZACE TRATI ROKYCANY - PLZEN

Postup razeb prestavitelného tunelovaciho stroje Viktorie
(konvertibilni tunelovaci stroj pro slabé a pevné horniny)
dospél do pruzkumem ocekdvaného prostredi tvrdych skalnich
hornin spilitu. Z téchto duvodu byly v tnoru v piedem vytipo-
vaném misté razby preruSeny, aby mohlo byt provedeno pre-
strojeni tunelovaciho stroje z reZimu zeminového Stitu, kdy je
feznou hlavou rozpojend hornina transportovdna do prostfed{
odtézovaci komory a z ni je odebirdna $nekovym dopravni-
kem, do rezimu skalniho, v némZ je rozpojend hornina pomo-
cf tzv. skluz na vnitini strané fezné hlavy prendsena piimo na
pdsovy dopravnik. Po provedeni prestrojeni a opétovném
zahdjeni raZeb na pocdtku brezna tak zbyvalo do prorazky
z vice nez 4000 m dlouhého jiZniho jednokolejného tunelu cca
900 metru. Soubézné s probihajici razbou jsou také v plném
proudu price na vyjezdovém portdlu, kde bude nutné tunelo-
vaci stroj po prordzce Caste¢né rozebrat a po dilech prestého-
vat zpét na portal vjezdovy, kde bude po jeho opétovné mon-
tdZi znovu zahdjena razba tentokrdt severniho jednokolejného
tunelu.

DALNICE D8 - 0805 LOVOSICE — REHLOVICE

Po dlouhém &ekdni muZeme kone&né ozndmit, Ze konec
leto$niho roku je novym terminem zprovoznéni stavby ddlnice
D8 — 0805 Lovosice — Rehlovice. Po nékolika letech bude
v Ceské republice uvedena do provozu dalii velkd ddlni¢ni
liniovéa stavba celkové délky 16,412 km. Soucdsti stavby jsou
tfi mimourovnové kriZovatky (MUK Lovosice, MUK Bilinka
a MUK Rehlovice), dva tunely (Prackovice délky 270 m
a Radej¢in délky 620 m) a 28 mostnich objektu. Celkovy pocet
stavebnich objektu je 390.

Vystavba délnice D8 — 0805 Lovosice — Rehlovice byla sice
jiZ zahdjena na podzim roku 2007, ale stavbu bohuZel prova-
zely neustdlé problémy, z nichZ t€émi zdsadnimi byly:

a) Systematicky poddvané Zaloby Déti Zemé — Klub za
udrzitelnou dopravu a Spole¢nosti pritel Zivotniho pro-
stfedi proti vydédni stavebnich povoleni. Spravni fizen{
byla velice slozitd a zZalujici strany vyuZzivaly maximaln{
lhaty pro vyfizeni. Z téchto duvoda se spravni fizeni
protahovala a vyddvani stavebnich povoleni oddalovala
se vSemi svymi negativnimi vlivy na realizaci stavby.

b) ZasaZeni télesa ddlnice masivnim sesuvem pudy
v Cervnu 2013, ktery byl jednim z nejrozsdhlejSich sesu-
vii v CR. Proudovy sesuv o §ifce cca 200 m a délce po
svahu cca 500 m strhl ¢4st zarizeni lomu Dobkovicky,
prerusil ¢ast Zelezni¢ni traté a vyplnil budovany zarez
pro ddlnici. Do pohybu se dalo cca 500 000 m3 zeminy.

Pres vSechny tyto potize byla v kvétnu 2012 ¢dst ddlnice
délky 3,8 km v useku Lovosice — Bilinka jiZ predédna fidi¢um
k uZivani. Mnohé vyznamné objekty jako mosty Opdrno
a Dobkovicky jsou jiz stavebné dokonCeny stejné jako tunely
Prackovice a Radej¢in vcetné¢ jejich podkladnich vrstev
a cementobetonového vozovkového krytu. V tunelech tak
zbyva dokonéit pouze odvodnéni, pozarni vodovod
a technologické vybaveni.

THE CZECH REPUBLIC

MODERNISATION OF ROKYCANY - PLZEN RAILWAY
TRACK SECTION

The excavation advance of the Viktorie convertible tunnel
boring machine (a convertible tunnel boring machine for
weak and hard ground) has arrived in the environment for-
med by hard rock, spilite, as expected by the survey. For
these reasons the excavation work was suspended in the in
advance tipped location in February to allow for converting
the tunnel boring machine from the earth pressure balance
mode, where the ground disintegrated by the cutterhead is
transported to the extraction chamber to be removed by
a screw conveyor, into the hard rock mode, where the disin-
tegrated rock is carried by means of the so-called “chutes” on
the inner side of the cutterhead directly on a belt conveyor.
After the completion of the conversion and restarting the
excavation at the beginning of March, ca 900m remained up
to the breakthrough of the 4000m long southern single-track
tunnel. The work on the exit portal, where the TBM will have
to be partially dismantled after the breakthrough, is in full
swing simultaneously with the continuing tunnel excavation.
The TBM will be moved in parts back to the entrance portal,
where the tunnelling operations will be restarted after the
repeated assembly, this time driving the northern single-track
tunnel.

D8 MOTORWAY — CONSTRUCTION LOT 805:
LOVOSICE — REHLOVICE

After a long waiting time, we can finally announce that the
end of the year 2016 is the new deadline for bringing the D8
motorway construction lot 0805 Lovosice — Rehlovice into
service. After several years, another large linear motorway
project with the total length of 16.412km will be inaugurated
in the Czech Republic. Parts of the project are three grade-
separated intersections (GSI Lovosice, GSI Bilinka and GSI
Iviehlovice), two tunnels (270m long Prackovice tunnel and
620m long Radejc¢in tunnel) and 28 bridge structures. The
total number of civil engineering structures amounts to 390.

Although the work on the D8 motorway construction lot
0805 Lovosice — Rehlovice commenced in autumn 2007, it
was permanently attended by problems; the following pro-
blems were critical:

a) Systematically brought actions by Déti zemé (Children
of the Earth) — the Club for sustainable transport and the
Society of friends of environment against the issuance
of the construction permit. The administrative procee-
dings were very complicated and the complaining parti-
es used maximum deadlines for resolving complaints.
For these reasons the administrative proceedings drew
out and the issuance of construction permits was delay-
ed with all negative impacts on the project implementa-
tion.

b) Hitting the motorway embankment by a massive land-
slide in June 2013. It was one of largest landslides in
the Czech Republic. The ca 200m wide flow-type slide
ca 500m long down the slope tore down a part of the
Dobkovicky quarry equipment, interrupted a part of
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Na povrchové Casti trasy je jeSté nutné provést odstranéni
sesuvu, stabilizovat oblast v okolf sesuvu, zhotovit problema-
ticky zafez Rehlovice, dokon&it rozestavéné mostni objekty
a mimotroviiovou kfizovatku Rehlovice.

Ing. BORIS SEBESTA, sebesta@metrostav.cz,
Metrostay a.s.

SLOVENSKA REPUBLIKA
TUNELY POLANA A SVRCINOVEC

Na stavbe useku dialnice D3 Svréinovec — Skalité sticastou
stavby sd aj tunely Polana (890 m) a Svréinovec (445 m),
ktoré sa realizuji ako jednortrové s obojsmernou prevadzkou
a samostatnou tnikovou §tolnou.

Tunel Polana je 898 m dlhy jednortrovy tunel na dialni¢nom
useku D3 Svréinovec — Skalité, s razenim sa zacalo 31. 7.
2014 a razilo sa od oboch portdlov. Tunel bol slavnostne pre-
razeny 7. 9. 2015. V sucasnosti sa realizuje sekundédrne oste-
nie tunela. Ku dnu 14. 3. 2016 su zabeténované vsetky bloky
spodnej klenby a 49 zo 71 blokov hornej klenby, ¢o predsta-
vuje 69 %. Predpoklad ukoncenia pric na sekunddrnom osteni
je april 2016. Celkové predpokladané mnozstvo beténovej
zmesi do hornej klenby je cca 8.5 tis. m? a ku sledovanému
datumu je zabeténovanych cca 5.9 tis. m3. Momentdlne sa pri-
pravuje forma na betondZz hornej klenby prvého niddzového
zélivu, prebieha kladenie Strbinovych Zlabov a obrubnikov
a pripravuje sa poloZenie podkladovych vrstiev vozovky. Od
4.3.2016 sa zacalo s montdZou debnenia hibenej Casti zo ZP.
Zaciatok betonaze hibenej Casti je naplanovany na 22.3.2016.
Zaroven prebieha montaZ technologického zariadenia tunela.
Sucastou projektu je aj inikova §t6lna, v ktorej je v sucasnosti
zrealizované definitivne ostenie zo striekaného beténu
s pridavkom polypropylénovych makrovldkien.

Tunel Svrcinovec je jednoridrovy tunel situovany na zaci-
atku dialhi¢ného tdseku D3 Svr¢inovec — Skalité tesne za kri-
zovatkou Svréinovec. S razenim sa zacalo 30. 10. 2014
a razilo sa zo zdpadného portdlu. Tunel bol sldvnostne pre-
razeny 23. 6. 2015. V suicasnosti je uz kompletne zrealizo-
vané aj sekunddrne ostenie tunela. Momentdlne sa realizuje
montdZ technologickych zariadeni a kanalizdcia odvodnenie
tunela. Vystavbu udseku zabezpecuje zdruzenie Styroch spo-
lo¢nosti: Vdhostav — SK, a. s., Doprastav, a. s., Strabag, a. s.,
a Metrostav SK, a. s.

Obr. 1 Tunel Poluna — betondrsky vozik
Fig. 1 Polana tunnel — concrete casting carriage

a railway track and filled the motorway cutting under
construction. About 500,000m3 of soil set into motion.
Despite all these problems, the 3.8km long part of the
motorway in the Lovosice — Bilinka section was brought into
services for drivers in May 2012. Many important structures,
such as the Opdrno and Dobkovicky bridges, have already
been completed, as well as the Prackovice and Dobkovicky
tunnels including the road sub-bases and roadway concrete
covers. Only the drainage, the fire main and the tunnel equip-
ment therefore remain to be finished in the tunnels.

In the at-grade part of the motorway route it is still neces-
sary to remove the landslide, stabilise the landslide surroun-
dings, carry out the problematic Rehlovice cutting, finish the
bridge structures under construction and the Rehlovice grade-
separated intersection.

Ing. BORIS gEBESTA, sebesta@metrostav.cz,
Metrostav a.s.

THE SLOVAK REPUBLIC
POLANA AND SVRCINOVEC TUNNELS

Regarding the construction of the Svr¢inovec — Skalité sec-
tion of the D3 motorway, parts of the project are even the
Polana tunnel (890m) and the Svréinovec tunnel (445m).
They are realised as single-tube structures carrying bidirecti-
onal traffic with separate escape galleries.

The Polana tunnel is a 898m long single-tube tunnel on the
Svréinovec — Skalité section of the D3 motorway. Tunnelling
operations commenced from both portals on 31/07/2014. The
tunnel breakthrough was celebrated on 07/09/2015. The
secondary lining is currently under construction. As of
14/03/2016, the casting of all concrete blocks of the invert
and 49 of 711 blocks of the vault, i. €. 69%, has been finis-
hed. The completion of the work on the secondary lining is
expected in April 2016. The total assumed volume of concre-
te mixture for the upper vault amounts to ca 8.5 thousand m?
a and the casting of 5.9 thousand m? of concrete was finished
till the date being observed. Momentarily the formwork for
the casting of the concrete upper vault of the first emergency
stopping lay-by is being prepared, slotted drainage troughs
and kerbs are being placed and laying of road base layers is
under preparation. The assembly of the formwork for the cut-
and-cover part started from the western portal on 04/03/2016.
The beginning of the casting of concrete in the cut-and-cover
section is planned for 22/03/2016. The assembly of the tun-
nel equipment is proceeding simultaneously. An escape gal-
lery is also a part of the project. Till now the final lining has
been finished in the gallery, using shotcrete with the addition
of polypropylene macro-fibres. The Svr¢inovec tunnel is
a single-tube tunnel located at the beginning of the
Svré¢inovec — Skalité section of the D3 motorway, just behind
the Svréinovec intersection. The tunnel excavation started
from the western portal on 30/10/2014. The tunnel breakt-
hrough was celebrated on 23/06/2015. Currently, the tunnel
secondary lining has already been completed. At the moment,
the work on the installation of tunnel equipment, sewerage
and tunnel drainage is underway. The construction of the sec-
tion is provided by a consortium consisting of four compani-
es: Vahostav — SK, a. s., Doprastav, a. s., Strabag, a. s., and

Metrostav SK, a. s.



TUNELY OVCIARSKO A ZILINA

Na useku D1 Hricovské Podhradie — Lietavskd Lucka
s dlzkou 13,2 km sa nachddzaji dva dialni¢né dvojrirové
tunely: Ové&iarsko a Zilina.

Tunel Ov&iarsko s dizkou 2367 m sa zaal razit' 12. 9. 2014.
Ku dnu 14. 3. 2016 je vyrazenych na STR zo zdpadného por-
tdlu 1638,18 m a z vychodného portdlu 537,90 m, spolu to je
2176,08 m, ¢o predstavuje 95 % z razenej Casti STR diiky
2300 m. K tomuto ddtumu je na JTR vyrazenych zo zdpadné-
ho portdlu 1584,10 m a z vychodného portdlu 162,05 m,
spolu to je 1746,15 m, ¢o predstavuje 75 % z razenej Casti
JTR diiky 2320 m. Priemerny denny razi¢sky vykon na kaz-
dej tunelovej rire (ZP+VP) je priblizne 5 m/den. V sucasnos-
ti je pripravend forma na betondZz sekunddrneho ostenia
a vykondvaji sa dalSie pripravné price na realizdciu sekun-
darneho ostenia.

Na kratSom z tunelov — Zilina diiky 687 m — sa zacalo
s raziacimi prdcami 5. 11. 2014 na zdpadnom portdli. Tunel
Zilina je 687 m dlhy dvojrirovy tunel budovany v rdmci stav-
by D1 Hricovské Podhradie — Lietavska Licka. S jeho raze-
nim sa zacalo 5. 11. 2014. K datumu 14. 3. 2016 je vyraze-
nych na STR zo zdpadného portdlu 142,29 m a z vychodného
portdlu 39,99 m, spolu to je 182,28 m, ¢o predstavuje 27 %
razenej Casti STR diiky 685,5 m. K ddtumu 14. 3. 2016 je na
JTR vyrazenych zo zdpadného portdlu 188,21 m a z vy-
chodného portdlu 135,54 m, spolu to je 323,75 m, ¢o pred-
stavuje 49 % z razenej Casti JTR diiky 657 m. Priemerny
denny razi¢sky vykon na kazdej tunelovej rire (ZP+VP) je
priblizne 2 m/den. Z vychodného portalu sa v sticasnosti razi
vo VT 7. Zo zdpadného portdlu momentdlne prebiehaju sta-
biliza¢né prdace nadloZia tunela, kedZe sa momentdlne raz{
7 geologického hladiska v najhorsej 8. vyrubovej triede pod
ochranou mikropil6tového ddZdnika. Stavbu realizuje zdru-
Zenie Doprastav, a. s., Vdhostav — SK, a. s., Strabag,
a. s. a Metrostav SK, a. s.

TUNEL CEBRAT

Sucastou dialni¢ného tdseku D1 Hubova — Ivachnova je
dvojrirovy tunel Cebrat (1994 m). V uplynulych mesiacoch
boli diagnostikované rozsiahle problémy so stabilitou tizemia
na zapadnom portali tunela Cebrat a nadvizujicom tseku
dialnice, ktoré si pravdepodobne vyZiadaji rozsiahle zmeny
v technickom rieSeni. Z tohto dévodu su v sucasnosti priace

Obr. 2 Tunel Ovciarsko — forma na sekunddrne ostenie STR
Fig. 2 Ovciarsko tunnel — secondary lining formwork of NTT
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OVCIARSKO AND ZILINA TUNNELS

There are two tunnels in the Hricovské Podhradie —
Lietavska Lucka section of the D1 motorway with the aggre-
gate length of 13.2km: the Ové&iarsko and the Zilina.

The excavation of the 2367m long Ovciarsko tunnel com-
menced on 12/09/2014. As of 14/03/2016, the excavation of
1638.18m has been finished from the western portal and
537.90m from the eastern portal of the NTT, in total
2176.08m, which represent 95% of the 2300m long mined
part of the NTT. As of the same date, the excavation of
1584.10m has been finished from the western portal and
162.05m from the eastern portal of the STT, in total
1746.15m, which represent 75% of the 2320m long mined
part of the STT. The average daily advance rate on each tun-
nel tube (WP + EP) amounts approximately to Sm per day.
Currently the formwork for casting the concrete secondary
lining is finished and other work on the preparation for the
realisation of the secondary lining is underway.

In the shorter of the two tunnels — the 687m long Zilina,
tunnelling operations started at the western portal on
05/11/2014. The Zilina tunnel is a 687m long double-tube
tunnel, which is constructed within the framework of the pro-
ject for the Hricovské Podhradie — Lietavskd Licka section
of the D1 motorway. The tunnel excavation started on
05/11/2014. As of 14/03/2016, the excavation of 142.29m has
been finished from the western portal and 39.99m from the
eastern portal of the NTT, in total 182.28m, which represent
27% of the 685.5m long mined part of the NTT. As of
14/03/2016, the excavation of 188.21m has been finished
from the western portal and 135.54m from the eastern portal
of the STT, in total 323.75m, which represent 49% of the
657m long mined part of the STT. The average daily advan-
ce rate on each tunnel tube (WP + EP) amounts approximate-
ly to 2m per day. The excavation from the eastern portal cur-
rently passes through excavation support class VI7. From the
western portal, the tunnel overhead is currently being stabili-
sed because of the fact that the excavation currently passes
through the excavation support class 8, which is the worst
class from the geological point of view, under the protection
of canopy tube pre-support. The construction contractor is
a consortium consisting of Doprastav, a. s., Vahostav — SK,
a.s., Strabag, a. s. and Metrostav SK, a. s.

CEBRAT TUNNEL

Part of the Hubova — Ivachnova section of the D1 motor-
way is the Cebrat double-tube tunnel (1994m). Extensive
problems regarding the stability of the area at the western
portal of the Cebrat tunnel and the following motorway sec-
tion were diagnosed in recent months. They will probably
require extensive changes in the technical solution. For that
reason the tunnelling operations on this tunnel have been sus-
pended. The excavation was realised only from the eastern
portal and ca 8% of the tunnel length excavation have been
finished till now. The construction contractor is a consortium
formed by OHL 7S, a. s., and Vdhostav — SK, a. s.

POVAZSKY CHLMEC TUNNEL

Part of the D3 motorway section forming the south-western
bypass of the town of Zilina (Zilina Strazov — Zilina Brodno)
is even the 2250m long PovaZsky Chlmec double-tube motor-
way tunnel.
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na tomto tuneli pozastavené. Razenie sa realizovalo len
z vychodného portdlu a v sucasnosti je vyrazenych cca 8 %
z diiky tunela. Zhotovitelom stavby je zdruZenie spolo¢nosti
OHL ZS, a. s., a Vdhostav — SK, a. s.

TUNEL POVAZSKY CHLMEC

Sucastou dialnicného dseku D3, ktory tvori juhozdpadny
obchvat mesta Zilina (Zilina StraZzov — Zilina Brodno) je aj
dvojrirovy dialhi¢ny tunel Povazsky Chlmec (2250 m).

Tunel je realizovany podla zdsad NRTM. Po slavnostnej
prerdzke JTR dna 28. 1. 2016 prebieha razenie stupna v JTR
v tseku medzi stredovou jamou a vychodnym portdlom,
zaroven prebieha razenie kaloty v STR. K ddtumu 29. 2.
2016 sa Celba nachadzala v tunelovom stani¢eni 1964 m, kde
bolo razenie zastavené a pokraovalo razenie stupna, ktoré je
k 15. 3. 2016 v tunelovom stani¢eni 1668. Druhd celba sa
nachddza pri priecnom prepojeni ¢. 8 a postupuje k vy-
chodnému portdlu. K 15. 3. 2016 sa celba nachddzala v tu-
nelovom stani¢eni 2116. Zdroven sa pripravuje aj protirazba
severnej tunelovej rury tak, aby sa urychlilo dosiahnutie pre-
razenia tunela a ukoncCil sa sibeh raziacich a betondrskych
prac. V stcasnosti sa realizuje profildcia primdrneho ostenia,
osadenie hydroizolacnej félie, priprava betondZe zdklado-
vych pdsov a betondz definitivneho ostenia.

K 15.3.2016 bolo realizovanych 23 blokov sekundarneho
ostenia v dlzke 12,5 m tak v juznej, ako aj v severnej tunelo-
vej rire. Sucastou tohto useku je aj prejazdné prieéne prepo-
jenie ¢. 1. Po vyhodnoteni vysledkov geotechnického moni-
toringu bude v JTR 1325 m nevystuzeného definitivneho
ostenia z celkovej diiky 2120.,5 m, ¢o predstavuje 62 %.
V STR, kde nebolo zatial ukonéené razenie, je minimalne
predpokladana dizka nevystuzeného definitivneho ostenia
1200 m.

Zhotovitelom stavby je zdruZenie Eurovia a. s., HOCH-
TIEF CZ a. s. a Stavby mostov Slovakia, a. s.

TUNEL VISNOVE

Razenie tunela Visnové (7500 m), ktory je sicastou tseku
D1 Lietavska Luicka — Visnové — Dubnd Skala, zacalo v aprili
2015.

V sucasnosti prebieha razenie od oboch portdlov. K 28. 2.
2016 je od zdpadného portdlu vyrazenych 678 m severnej
tunelovej riry a 473 m juZnej tunelovej riry. Od vychodného
portdlu je vyrazenych 527 m severnej tunelovej riry a 368 m
juznej tunelovej riry. Celkovo je teda na konci februdra 2016
vyrazenych 2046 m, Co predstavuje takmer 13,64 %
z celkovej diiky razenych tunelovych rdr. Okrem razenia
tunelovych rir sa od oboch portdlov razia aj priportalové
useky odvodnovacej §tdlne, ktord po dokonéeni bude sldzit’
ako hlavny zbera¢ horninovej vody.

Metdda razenia je plnoprofilové razenie podla systému
ADECO - RS, ktory je na Slovensku pouZity prvykrit.
Z celkovej v sucasnosti vyrazenej diiky 2046 m je metdédou
ADECO realizovanych 1508 m.

Zhotovitelom dialni¢ného tseku je zdruZenie firiem Salini
Impregilo S.p.A a Duha, a. s.

Ing. MILAN MAJERCIK, milan.majercik @ndsas.sk,
Ing. LIBOR MARIK, libor.marik @hochtief.cz

The tunnel is constructed according to the NATM princip-
les. After the STT breakthrough celebration held on
28/01/2016, the excavation of bench proceeds in the STT in
the section between the middle-point construction pit and the
eastern portal. The top heading excavation proceeds simulta-
neously in the NTT. As of 29/02/2016, the excavation face is
at the tunnel chainage of 1964m, where the excavation was
stopped and the excavation of the bench continued. It is, as of
15/03/2016, at the tunnel chainage m 1668. The other exca-
vation face is located at cross passage No. 8 and proceeds
toward the eastern portal. As of 15/03/2016, the excavation
face is at tunnel chainage m 2116. At the same time, the coun-
ter-heading of the northern tunnel tube is under preparaion
with the aim of accelerating the tunnel breakthrough and
ending the concurrent tunnel excavation operations and conc-
rete casting operations. The profiling of the primary lining,
installation of the waterproofing membrane, preparation of
casting of the concrete footings and casting of the concrete
final lining are currently underway.

As of 15/03/2016, 23 of 12.5m long blocks of the seconda-
ry lining have been completed in both the southern and nort-
hern tunnel tubes. Part of this section is even vehicular cross
passage No. 1. After the assessment of the results of geotech-
nical monitoring, 1325m of unreinforced concrete final lining
of the total length of 2120.5m (62%) will be in the STT. In
the NTT, where the excavation has not been finished yet, the
minimum assumed length of the unreinforced concrete lining
amounts to 1200m.

The construction contractor is a consortium formed by
Eurovia a. s., HOCHTIEF CZ a. s. and Stavby mostov
Slovakia, a. s.

VISNOVE TUNNEL

The excavation of the Visnové tunnel (7500m), which is
part of the Lietavskd Licka — Visnové — Dubnd Skala section
of the D1 motorway, started in April 2015.

Tunnelling operations are currently proceeding from both
portals. As of 28/02/2016, 678m of the northern tunnel tube
and 473m of the southern tunnel tube excavation have been
completed from the western portal. From the eastern portal,
527m of the northern tunnel tube excavation and 368m of the
southern tunnel tube excavation have been finished. This
means that 2046m of the excavation were finished till the end
of February 2016, representing nearly 13.64% of the total
length of the mined tunnel tubes. Apart from driving tunnel
tubes, portal sections of the drainage gallery are being driven
from both portals. After the completion, the gallery will serve
as the main groundwater collector.

Full-face driving of the tunnel according to the ADECO —
RS system applied to the excavation is a method which is
used in Slovakia for the first time. Of the till now excavated
length of 2046m, 1508m were realised using the ADECO
method.

The construction contractor for this motorway section is
a consortium formed by Salini Impregilo S.p.A and Duha,
a.s.

Ing. MILAN MAJERCIK, milan.majercik@ndsas.sk,
Ing. LIBOR MARIK, libor.marik@hochtief .cz
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Z HISTORIE PODZEMNICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS

POHLEDNICE S RAKOUSKYMI TUNELY
PICTURE POSTCARDS WITH AUSTRIAN TUNNELS

Austria is, together with Switzerland and other European
Alpine countries, a “cradle” of modern tunnelling. Many picture
postcards depicting tunnels in the Alpine region have already
been introduced in the TUNEL journal issues No. 4/2014 and
1/2016. A significant number of them were located just in
Austria. This contribution is a continuation with the presentation
dedicated only to Austrian tunnels. Five of the presented structu-
res are railway tunnels and three are road tunnels.

Rakousko je spolu se Svycarskem a dal§imi evropskymi alp-
skymi zemémi ,,kolébkou” moderniho tuneldrstvi. V &islech
4/2014 a 1/2016 casopisu TUNEL uz byla predstavena rada
pohlednic zobrazujicich tunely v regionu Alp. Vyznamné mnoz-
stvi z nich se nachdzelo prave v Rakousku. V tomto prispévku je
na to navazdno, s tim, Ze je vénovan pouze pohlednicim
s rakouskymi tunely. Pét z prezentovanych objektu ndleZi Zelez-
nici a tfi jsou silni¢ni.

1. SEMMERING — MALY KRAUSEL TUNEL

Historie drahy pres Semmering byla pripomenuta jiz v [1] a [2].
Ve [2] se také hovori, v souvislosti se stejnojmennym tunelem,
o vyhldSené skalni sténé Polleroswand. V jejich bezprostiedni
blizkosti se, na ZelezniCni trati Wien Siidbahnhof — Spielfeld-
Straf3, nachdzi rovnéz dvoukolejny a elektrifikovany Krausel tunel
s adjektivem Maly, dlouhy jen 13,82 m (obr. 1). [2, 3]

2. ZELEZNICNI TUNEL ARLBERG

Zelezni¢ni tunel Arlberg se nachdzi na trati Innsbruck Hbf —
Lindau (D). Doprava na puvodnf trase byla zahdjena 20. 9. 1884,
kdyZ od roku 1925 je trat’elektrifikovana.

Krause! - Tunne!
u. Polleroswand

__Die Bahn tiber dcn

Semmering

-

hoparell v. Hans Peter Dawlik—

Obr. 1 Driha pres Semmering. Krausel tunel a Polleroswand. Akvarel od
Hanse Petera Pawlika. © Verlag Fasch Zeile 3 A 2640 Gloggnitz Nr. 2680/11.
Okolo 1980? [sbirka autoru]

Na pohlednici vyjiZdi osobni viak taZeny parni lokomotivou z vychodniho por-
tdlu Malého Krausel tunelu. V pozadi vlevo je sténa Polleroswand s rovnéZ
vychodnim portdlem tunelu Polleroswand, dlouhého 337 m.

Fig. I Railway line over Semmering. The Crausel and Polleroswand tunnels.
A watercolour by Hans Peter Pawlik. © Verlag Fasch Zeile 3 A 2640
Gloggnitz Nr. 2680/11. Around 19802 [authors’ collection]

In the picture, a passenger train pulled by a steam locomotive is emerging from
the eastern portal of the small Krausel tunnel. The Polleroswand wall also with
the eastern portal of the 337m long Polleroswand tunnel is seen left in the
background.

Vv

Tunel, drivejsi délky 10 249,9 m, se nachdzi prakticky upro-
stred trasy Arlbergské drdhy, a to mezi stanicemi Anton am
Arlberg (obr. 2) a Lagen am Arlberg. Jeho stavba byla zahdjena
20. 6. 1880 na vychodni stran¢, na strané zdpadni potom o Ctyfi
dny pozdéji. Prordzka pripadla na 19. 11. 1883 a prdce byly
dokonCeny 14. 5. 1884. Tunel byl pripsdn cisafi FrantiSku
Josefovi 1., snad i proto, Ze v roce 1881 navstivil staveni$té tune-
lu dokonce osobné az v hloubce hory 1190 m.

Ndklady na Arlbergsky tunel dosahly ve své dobé mimoradné
vySe 38 165 282 Korun rakouské mény. Tato Cdstka je velmi
ilustrativni pti srovndni s vydaji na celou drahu 41 299 920 K.

Mezi lety 2004-2010 byla provedena generdlni oprava
s vybudovanim modernich unikovych cest. Po rekonstrukci se
délka tunelu zvysila na 10 648 m. [4]

3. ZELEZNICE MARIAZELL - UDOLI PIELACHTAL

Mariazellerbahn a jeji tunely byly souhrnné zmineny jiz ve [2].
Jednou z turisticky atraktivnich oblasti pristupnou touto Zeleznic{
je udoli Pielachtal. Nachézeji se v ném celkem tri drdZni tunely —
Weillenburg (dl. 98,37 m), Schonau (dl. 61,45 m) a na obr. 3 zobra-
zeny a soucasné i nejkratsi z nich Natters (dl. jen 29,65 m). [3, 5]

4. DONAUUFERBAHN (WACHAU) - TUNEL CERTOVA
STENA

Dunajskd Zeleznice (Donauuferbahn) vede od Sankt Valentin
do Krems. Jeji pojmenovani je odvozeno z toho, Ze vétSina jeji
délky sleduje tok Dunaje. Pivodnim zdkladem byla Dréha cisa-
fovny Alzbéty oteviend v roce 1858. Dalsi useky k ni byly
postupné pripojovany v letech 1872 az 1956. Trat neni zcela
elektrifikovand a jeji Cdsti jsou Casto ohroZovany sesuvy
a skalnim ficenim. Celkem se na ni nachdzi osmndct tuneld,

Obr. 2 St. Anton A/A. G. Schubert, Fotograf, St. Anton a. Arlberg 5997. Okolo
1930-1935? [sbirka autori]

Byvaly vychodni portdl Arlbergského tunelu se starym nddraZickem St. Anton.
Na portdlové Fimse tunelu je patrnd dedikace cisari Frantisku Josefovi 1., stej-
né jako zretelnd stopa po kouiovych plynech z parni trakce provozované na této
trati celych 40 let.

Fig. 2 St. Anton A/A. G. Schubert, Fotograf, St. Anton a. Arlberg 5997.
Around 1930-1935?

The former eastern portal of the Arlberg tunnel with the old St. Anton little rail-
way station. Dedication to the Emperor Franz Joseph I can be seen on the por-
tal cornice, as well as the visible trace of smoke gases from the steam traction
operated on this railway track for 40 years.
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_ Mit der Martazell

erbahn in das schone

Obr. 3 Zeleznici Mariazellbahn za krdsou. Udoli Pielachtal. Vyletni romanti-
ku na Zeleznici Mariazellbahn nabizi 8 obci v idoli Pielachtal. Ober-

Grafendorf, Weiburg, Griinau, Rabenstein, Kirchberg/P., Loich,
Schwarzenbach a Frankenfels. Volny as — cestovdni — turistika — priroda —
pohostinnost. Informace: Turisticky spolek Pielachtal. A-3204 Kirchberg/P.,
Schlopstrape 1. Nr. 3204/2 Foto Hans Gerersdorfer. © Verlag Fasch Zeile 3
A 2640 Gloggnitz. Okolo 1980-1990. [sbirka autortt]

Na pohlednici vyjiZdi osobni vlak z osobitého zdpadniho portdlu tunelu Natters,
smérem k nddraZi Frankenfels.

Fig. 3 By Mariazellbahn railway line to beauty. The Pielachtal valley. Pleasure
romance along the Mariazellbahn is offered by 8 municipalities in the
Pielachtal valley. Ober-Grafendorf, Weiburg, Griinau, Rabenstein,
Kirchberg/P., Loich, Schwarzenbach a Frankenfels. Leisure time — travelling
— tourism — nature — hospitability. Information: Pielachtal tourist club. A-3204
Kirchberg/P., Schlopstrafe 1. Nr. 3204/2 Photo Hans Gerersdorfer. © Verlag
Fasch Zeile 3 A 2640 Gloggnitz. Around 1980-1990. [authors’ collection]

In the postcard, a passenger train emerges from the distinctive portal of the
western portal of the Natters tunnel, heading toward the Frankenfels railway
station.

z nichZ jednokolejny, pojmenovany podle charakteristického
skalnfho ostrohu Certova sténa — Teufelswand (obr. 4), je
s pouhymi 12,43 m nejkrat§im tunelem nejen na této trati, ale
viibec i v celé siti OBB. [3, 6]

5. JAUNTALSKA DRAHA - STARY LANGENBERSKY TUNEL

Jauntalbahn je 19,070 km dlouhd jednokolejnd Zeleznice
mezi St. Paul a Klagenfurtem v Korutanech. Jde o tratovy usek
postaveny v Rakousku jako vibec prvni novy po druhé svéto-
vé vélce, a to mezi lety 1959 aZ 1964. Na trati jsou dva tunely
— Johannesbergsky (dl. 480 m) a delSi Langenbergsky
s adjektivem stary (dl. 1 443 m) — obr. 5. Doplinkové oznaCeni
,.stary* nese tunel proto, ponévadz na drahach OBB jsou dva
téhoz jména.

Oba tunely byly stavény ve velmi obtiZznych geologickych pod-
minkéach. [3, 7]

6. TUNELY U JEZERA MONDSEE

Nad jiZznim bfehem jezera Mondsee v Salzbursku se ty¢i
vyraznd, cca 400 m vysokd, vdpencova sténa Kienbergwand.
Dostala jméno podle &astych skalnich ficeni (Zesky: ,,Stérkova
sténa“). V 80. letech 19. stol byla pri jeji paté — tedy bezpro-
stfedné nad hladinou jezera — postavena cesta vedouci z méesta
Scharfling do vesnice Au. Jeji soucdsti byly tfi kritké, 10 az
20 m dlouhé, neobezdéné tunely (obr. 6) a cca 300 m dI. most
vyloZeny na krakorcich.

Jiz na prelomu XIX. a XX. stol. se tato trasa stala velmi popu-
larni pro pési a cyklistické, pozdéji i automobilové vylety.

Neustélé nebezpedi pddu kamenu ze stény si vynutilo zdsadni
opatreni spocivajici ve vybudovani nového tunelu pro automo-
bily (dl. 1167,3 m, otevieny 7. 12. 2004) a nového oddéleného
cyklo-tunelu (dl. 918,46 m véetné galerii). [8, 9]

r ey '
Teufelsmand-Tunnel béi Spitz -Waghau

Obr. 4 Tunel Certova sténa u Spitz-Wachau. Verlag prof. Gustav Fenz, Wien
1I1. 1965. [sbirka autorii]

Vyrazny skalnf iitvar nazvany Certova sténa byl vyhldsen jiz v roce 1929 pii-
rodni pamdtkou Dolniho Rakouska. Na pohlednici je jizni portdl tunelu od
Zeleznicni zastdvky Schwallenbach.

Fig. 4 Devil’s Wall at Spitz-Wachau. Verlag Prof. Gustav Fenz, Wien II. 1965
[authors’ collection]

The distinctive rock formation called Devil’s Wall was declared a natural monu-
ment of Lower Austria as long time ago as 1929. The southern portal of the
Devil’s Wall tunnel viewed from the Schwallenbach intermediate railway stati-
on is shown in the picture postcard.

7. GROSSGLOCKNER - HOCHTORTUNNEL

Grossglockner je se svymi 3798 m n. m. nejvyssi horou
v Rakousku. Vévodi tzv. Vysoké bran¢ (Hochtor), velmi obtizné
cesté pres stejnojmenny horsky masiv, zndmé jiz ze starovéku
(pfinejmen3im z obdobi Rimské fide). V 17. stoleti se jednalo
o tfeti nejvyznamnejsi kupeckou trasu vychodnich Alp.

Stavba silnice Hochalpenstraf3e byla zahdjena az 30. 8. 1930 se
slavnostnim otevienim 3. 8. 1935. Komunikace, spojujici
Korutany a Salzburg, je dlouhd 48 km a prekondva prevyseni
1748 m. V nejvyssim bode cesty (2504 m n. m.) se nachazi sil-
ni¢ni tunel Hochtor (obr. 7), dl. 311 m. Hranice obou spolkovych
zemi zde vede presné stredem tunelu.

Prujezd silnici je zpoplatnén mytem (v soucasnosti 34,5 €), pfi-
¢emz v zimnim obdobi (XI.-IV.) je komunikace uzaviena. [10]

8. ACHENSEESTRASSE — TUNEL SEEHOF

~

Achenseestrale je silnice ¢. B181 v Tyrolsku, sledujici
vychodni bfeh stejnojmenného jezera. Jeji délka se udava
33,52 km. Stavba, zahdjend v roce 1938, byla prerusena val-
kou. Nachdzi se na ni jediny tunel, pojmenovany Seehof.
V zavéru vélky (1944-1945) byla do jesté nedokonéeného
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Obr. 5 Jauntalskd driha. Korutany. Jauntalsky most, 500 m dlouhy, 98 m vysoky
(nejvyssi Zelezni¢éni most Evropy). Langenbergsky tunel, dlouhy 1 475 m.
Ansichtskartenverlag Foto Mostegl, Volrmarkt, C 6668-65. 1966. [sbirka autorii]
V levé &dsti pohlednice je jizni portdl tunelu Langenberg od nddraZi Eis-Ruden.
Most, s délkou 430 metrii, je dnes se svou vyskou 86 m nad hladinou ieky Drdvy nej-
vy$sim Zeleznicnim mostem v Rakousku. K jeho vybavent patii i chodnik pro pesi.
Fig. 5 The Jauntal railway line. Carinthia. The Jauntal Bridge, 500m long,
98m high (the highest railway bridge in Europe). The Langenberg tunnel,
1475m long. Ansichtskartenverlag Foto Mostegl, Volrmarkt, C 6668-65.
1966. [authors’ collection]

The southern portal of the Langenberg tunnel viewed from the Eis-Ruden rail-
way station is on the left side of the picture postcard.

The 430m long bridge with its height of 86m above the Drdva River surface is
today the highest railway bridge in Austria. A walkway is also part of its equip-
ment.

tunelu umisténa zbrojni vyroba (letadla...). PIné otevieni pro-
vozu v tunelu puvodni délky 479 m potom pripadlo aZ na
23.9. 1950 — obr. 8.

V letech 2012-2013 proSel tunel zdsadni rekonstrukci. Dnes
md i s galerii dl. 377 m. [11, 12]

doc. Ing. Vladislav HORAK, CSc., Ing. Tomds VRANA

HOCHTORTUNNEL 2504 M - LA 311 M

Obr. 7 Grossglockner — Hochalpenstrasse. Hochtor tunel 2504 m — dlouhy
311 m. Foto H. Tofllager Bad Déberlach Kiirnten. Okolo 19502 [sbirka autori]
Na pohlednici je jizni, korutansky, portdl tunelu. Nad zdklenkem je latinské
motto: ,, In te Domine speravi — ,Vérim v Tebe, Pane*. Po obou strandch
tunelu jsou na portdlu umistény zemské znaky Korutan (Kérnten) a Salzburgu.
Dobre patrny je oboustranny tizky chodnik.

Fig. 7 Grossglockner — Hochalpenstrasse. Hochtor tunnel 2504m — 311m
long. Photo H. Tofllager Bad Doberlach Kirnten. Around 19502 [authors’
collection]

The southern, Carinthian, portal of the Hochtor tunnel is depicted in the pictu-
re postcard. The Latin motto is above the safety arch: “In te Domine speravi”
— “I believe in you, Lord” . Provincial symbols of Carinthia and Salzburg are
located on the portal on both sides of the tunnel. A narrow path is well visible
on both sides of the tunnel.

Obr. 6 Tunel na sténé Kienbergwand. 2638. W. Pokorny, Mondsee. 1909.
[sbirka autoru]

Kolorovand fotografie s Zanrovou scénou zobrazujici, vedle dvou krdtkych tune-
lii, také ddamy v secesnich sportovnich iiborech na vyleté.

Fig. 6 The tunnel on the Kienbergwand wall. 2638. W. Pokorny, Mondsee.
1909 [authors’ collection]

A coloured photo with a genre scene depicting, in addition two short tunnel and
even ladies in Art Nouveau sporting dresses on a trip.

Obr..8 Achensee, 940 m, Tirol. Novd silnice okolo jezera Achen. Foto
Weninger — Jenbach - Tirol/Alpina Ofsetdruck Innsbruck. Okolo 1960. [sbir-
ka autoru]

Nc.z pohlednici je pivodni severni portdl silnicniho tunelu Seehof.

th..8 Achsensee, 940m, Tyrol. A new road around Achen lake. Photo
Weninger — Jenbach — Tirol/Alpina Ofsetdruck Innsbruck. Around 1960.
[authors’ collection]

The original northern portal of the Seehof road tunnel is shown in the picture
postcard.
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SEDASATNIK ING. VACLAV SOUKUP
ING. VACLAV SOUKUP SEXAGENARIAN

Pokud nékdo zasvétil svij
dosavadni profesni Zivot pod-
zemnim stavbam, tak je to jisté
Ing. Viclav Soukup, soucasny re-
ditel zahrani¢niho podnikani akci-
ové spolecnosti Metrostav. Tuto
skute¢nost si uvédomi kazdy, kdo
se sezndmi se stavbami, kterymi
Ing. Soukup proSel nebo jejichZ
pripravu a realizaci pozdéji ve

(3

vyS8ich manaZerskych pozicich
fidil. V tom pozdéjsim obdobf se
zabyval i jinymi ndro¢nymi inZe-
nyrskymi stavbami, ale tunely

vy

tvorily velmi vyznamnou konstantu jeho tspésného pracovniho

Zivota.

Ale vratme se, abychom nezapomnéli pripomenout, Ze
Viclav se narodil 27. kvétna 1956 v historickém stredoceském
mésté Rakovniku.

Své odborné vzdélani zahajil v roce 1971 studiem na stredni
prumyslové $kole stavebni, kterou dokoncil v roce 1975. Thned
pokracoval ve vysokoskolském studiu na Fakulté stavebni Ces-
kého vysokého uceni technického v Praze. Po ukonceni studia
nastoupil coby cerstvy stavebni inZenyr hned v roce 1980
u tehdejstho narodniho podniku Metrostav.

If there is somebody who has devoted his professional life to
underground construction projects, it is certainly Ing. Viclav
Soukup, the current director of foreign business of Metrostav
joint stock company. Everybody who will get acquainted with the
construction projects Ing. Soukup took part in or the preparation
and realisation of which he was later in charge of in higher mana-
gerial positions will realise this fact. Later he even dealt with
other complex civil engineering projects, but tunnels formed a
very important constant of his successful professional life.

But let us return not forget to remind you that Viclav was
born on 27th May 1956 in the historic Central Bohemian town
of Rakovnik.

She started his professional education in 1971 by studies at a
technical college of civil engineering and finished them in
1975. He immediately continued to study at the Faculty of Civil
Engineering of the Czech Technical University in Prague. After
the graduation he entered as a fresh civil engineer the at that
time existing Metrostav national enterprise.

In the beginning he worked in the position of a work prepa-
ration engineer at the PJ2 operating unit; subsequently he was a
site agent at the excavation of running tunnels of the metro line
operating section III B in the stretch where the tunnels were dri-
ven using the Ring Method between Smichovské Nadrazi stati-
on and Radlickd station and the stretch between Radlice station
and Jinonice station driven using a non-mechanised shield. He



Nejprve pracoval kratce jako pripravar na provozni jednotce
PJ 2, nasledné byl stavbyvedoucim na razbéch tratovych tune-
1t trasy II1.B raZenych v dseku Smichovské nddrazi — Radlicka
prstencovou metodou a nemechanizovanym Stitem mezi stani-
ci Radlicka a Jinonice. A také na trase II.B na tratovych tune-
lech mezi stanicemi Palmovka a Ceskomoravska v&etné roz-
plett u posledné jmenované stanice.

Jako hlavni stavbyvedouci pak pusobil na trase IV.B na sta-
nici Vysocanskd a tratovych tunelech, kde Metrostav a.s. popr-
vé v Ceské republice aplikoval prvky progresivni Nové rakous-
ké tunelovaci metody.

V tomto Zivotnim obdobi nasbiral Ing. Vaclav Soukup
mnoho cennych zkusenosti, ale také projevil dobré manaZerské
a odborné schopnosti. Proto byl v roce 1994 jmenovan do funk-
ce vyrobniho ndméstka divize 5, tehdy nejvetsi divize u Metro-
stavu a.s., jejimz hlavnim portfoliem byly podzemni stavby.
Mimo dokoncovani Strahovského tunelu divize razila pomoci
NRTM prvni automobilovy tunel Hrebe¢, tunel Euerwang
v SRN, pruzkumnou $tolu pro budouci dalni¢n{ tunel Visnové
na Slovensku za Zilinou, Zelezni¢ni tunel Ml&echvosty
a hlavné mimoradné ndro¢ny dvoutroubovy tunel Mrdzovka na
méstském okruhu v Praze. Ten byl jisté dspéSnou maturitou
nove se rozvijejictho ¢eského podzemniho stavitelstvi po roce
1990.

Bylo logické, Ze kdyz se tehdejsi reditel divize 5 pan Jaroslav
Voves rozhodl ukondit své pusobeni v feditelské funkci, byl na
jeho misto jmenovén Ing. Vaclav Soukup. Setrval v této pozici
od roku 2002 do roku 2013. V tomto obdobi se seznam pod-
zemnich staveb realizovanych divizi 5 znaéné€ rozrostl, takze
lze pfipomenout jen ty nejduleZit€jsi: ddlni¢ni tunely Panenskd,
Libouchec, Valik a tunely na D8 v Ceském stfedohofi, Zelez-
ni¢ni tunely Bfezno u Chomutova nebo Nové spojeni v Praze
a také prdce na praZzském metru (prvni raZend jednolodni stani-
ce Kobylisy, dalsi stanice a tratové tunely na trase C do
Letnan). Nelze opomenout kvalitativni stupen, ktery v ¢eském
podzemnim stavitelstvi znamenalo nasazeni zeminovych $tita
firmy Herrenknech na prodlouzeni trasy V.A z Dejvic do
Motola.

I zahrani¢ni stavby (silni¢ni tunely Hedinsfjardargong na
Islandu, dédlni¢ni tunel Lucica v Chorvatsku, pristupové
a tratové tunely metra v Helsinkéch) patfily pod zodpovédnost
feditele divize 5 Ing. Vdclava Soukupa.

Jisté i zkuSenosti se zajiStovdnim podzemnich staveb
v zahrani¢i nakonec vyustily v roce 2013 ve jmenovani
Ing. Véclava Soukupa reditelem zahrani¢niho podnikani skupi-
ny Metrostav.

Profesni kariéra Ing. Vaclava Soukupa méla dva pevné body.
Tim prvnim bylo zaméfeni na podzemni stavby. A druhym je
skuteCnost, Ze prvni zaméstnéni je soucasné z dnesniho pohle-
du na vztah zaméstnance a zaméstnavatele zatim i tim posled-
nim. Ano, tady jisté plati v plné mife a s plnou vaznosti pro-
hldSeni, Ze ve€rnost je veskrze pozitivni charakterova vlastnost.

Mily Viclave, Tvoji spolupracovnici z Metrostavu i ko-
legové z predsednictva Ceské tuneldiské asociace ITA-
AITES, jehoz jsi dlouholetym ¢lenem, Ti preji do dalSich let
predevsim zdravi a dostatek Zivotn{ energie. Ocenuji také Tvé
oteviené a upfimné jedndni. At Ti také zbyva vice ¢asu na
rodinu i na sportovni koniC¢ky, predevsim lyZzovani, kolo
a orientaéni beh.

Ing. IVAN HRDINA,
vyrobni reditel Metrostay a.s.
a predseda CzTA ITA-AITES
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was also on the metro Line II B, on running tunnels between
Palmovka station and Ceskomoravska station, including bifur-
cations at the latter station.

Subsequently he worked in the position of a project manager on
the Line IV B, Vysocanska station and tunnels, where Metrostav
a.s. applied elements of the progressive New Austrian Tunnelling
Method as the first company in the Czech Republic.

During this period of life, Ing. Vaclav Soukup gathered a lot of
valuable experience and, in addition, manifested good manageri-
al and professional abilities. For that reason he was appointed to
the position of the operations deputy of the director of Division 5,
which was at that time the biggest division in Metrostav a.s. and
the main portfolio of which lied in underground construction.
Apart from finishing the Strahov tunnel, the division drove, using
the NATM, the Hrebe¢ tunnel, the Euerwang tunnel (Germany),
the exploratory gallery for the future Visnové motorway tunnel
behind Zilina, Slovakia, the Milcechvosty railway tunnel and,
above all, the exceptionally demanding double-tube Mrazovka
tunnel on the inner City Circle Road in Prague. This tunnel certa-
inly became a successful leaving exam of the Czech underground
construction industry developing after 1990.

It was logical that when Mr. Jaroslav Voves, at that time the
director of Division 5, decided to end his activities in the position
of a director, Ing. Vaclav Soukup was appointed to his position.
He stayed in this position from 2002 to 2013. In this period the list
of underground structures realised by Division 5 significantly
grew so it is possible to bring back to mind only the most impor-
tant: the Panenskd, Libouchec and Valik motorway tunnels and
tunnels on the D8 motorway in Ceské stiedohoii upland, the
Brezno u Chomutova railway tunnel and the New Connection
railway tunnels in Prague and also the work on the Prague metro
(Kobylisy, the first mined one-vault station and other stations and
running tunnels on the Line C running to Letnany). It is impos-
sible to neglect the qualitative step which the deployment of
Herrenknecht Earth Pressure Balance TBMs on the Line V A to
Motol meant for the Czech underground construction industry.

Even foreign projects (the Hedinsfjardargong road tunnel in
Iceland, the Lucnica road tunnel in Croatia, access and running
metro tunnels in Helsinki) were under the responsibility of the
director of Division 5, Ing. Vaclav Soukup.

Certainly even other experience with providing underground
construction contracts abroad eventually led to the appointment of
Ing. Vaclav Soukup to the position of the director of foreign busi-
ness of the Metrostav Group.

The professional career of Ing. Vaclav Soukup had two fix refe-
rence points. The first one was his focus on underground con-
struction. The second one is the fact that the first employment is
currently, from today’s view of the relationship between an
employee and employer, still the last one. Yes, his statement that
loyalty is an entirely positive character property is fully and with
full seriousness valid in this case.

Dear Véclav, your collaborators from Metrostav and colleagues
from the Board of the ITA-AITES Czech Tunnelling Association,
a member of which you have been for many years, wish you first
and foremost good health and enough stamina in the coming years.
They in addition appreciate your open and sincere behaviour. We
further wish you that more of your time remains for your family
and sporting hobbies, first of all skiing, cycling and orienteering.

Ing. IVAN HRDINA,
operations Director of Metrostay a.s.
and Chairman of the ITA-AITES CzTA
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NedrZime se pfi zemi
Never stuck on the ground

A0 :
jBbime-v Leské republice
i v zahranici.
We are a reliable partner

~under-the ground, on the railways

and-above the ground, active in both
the Czech Republic and abroad.

www.subterra.cz
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Kvalita, pfesnost a diislednost v kaZzdém detailu.

Spoleéna koordinovana prace lidi desitek oborii a profesi.
Schopnost fesit narotna zadani a odvaha hledat nova feSeni.

Je tohle uméni? MoZna ne. Jen to dobie umime.

Quality, accuracy and consistency in every detail. The coordinated
effort of professionals from many fields. The ability to solve problems
and the courage to search for new approaches. Is this an art-form?
Maybe. In either case we do it well.

www.metrostav.cz
MmeTRESTau





